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a b s t r a c t

A flow injection (FI) micelle-mediated separation/preconcentration procedure for the determination of
lead and cadmium by flame atomic absorption spectrometry (FAAS) has been proposed. The analytes
reacted with 1-(2-thiazolylazo)-2-naphthol (TAN) to form hydrophobic chelates, which were extracted
into the micelles of 0.05% (w/v) Triton X-114 in a solution buffered at pH 8.4. In the preconcentration
stage, the micellar solution was continuously injected into a flow system with four mini-columns packed
with cotton, glass wool, or TNT compresses for phase separation. The analytes-containing micelles were
eluted from the mini-columns by a stream of 3 mol L−1 HCl solution and the analytes were determined
by FAAS. Chemical and flow variables affecting the preconcentration of the analytes were studied. For
ater samples 15 mL of preconcentrated solution, the enhancement factors varied between 15.1 and 20.3, the limits
of detection were approximately 4.5 and 0.75 �g L−1 for lead and cadmium, respectively. For a solution
containing 100 and 10 �g L−1 of lead and cadmium, respectively, the R.S.D. values varied from 1.6 to 3.2%
(n = 7). The accuracy of the preconcentration system was evaluated by recovery measurements on spiked
water samples. The method was susceptible to matrix effects, but these interferences were minimized by
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. Introduction

Trace levels of heavy metals are widely distributed in the
nvironment due to soil erosion and industrial and agricultural
rocesses [1]. The contamination by heavy metals from various
nvironmental sources including natural waters is a great concern
owadays [2]. Lead and cadmium are two of the most hazardous
lements to human health, because both metals cause adverse
ffects on metabolic processes of human beings [3]. Lead is proved
o be a carcinogenic agent and to cause disturbances to several
rgans. Cadmium is highly toxic even at low concentrations, causing
amages to organs such as the kidneys, liver and lungs [4]. All theses

acts cause alarming concern in public health, demanding accurate
nalytical procedures for the quantification of theses elements at
race levels [5].
Many methods for the determination of trace metals by
tomic spectrometry techniques are still commonly carried out
sing a preconcentration step prior their detection [6]. Flame
tomic absorption spectrometry (FAAS) has been a very attrac-
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agent in the sample solutions, and recoveries from spiked sample varied

© 2008 Elsevier B.V. All rights reserved.

ive technique for routine metal determinations, owing to its ease
f operation, its low acquisition and operating costs compared
ith inductively coupled plasma optical emission spectrometry

ICPOES) and graphite furnace atomic absorption spectrometry
GFAAS), and its high sample throughput [7]. However, there is a
reat necessity for the preconcentration of trace metals prior their
etermination, basically due to their low concentrations in aque-
us sample [8]. For this reason, there is no decrease in the activity
elated to the development of new analytical methods for the pre-
oncentration of metal ions [9,10].

Actually, separation/preconcentration procedures based on
loud point extraction (CPE) have attracted considerable atten-
ion mainly because it is in agreement with the principles of
he “green chemistry”. CPE is a green method for the follow-
ng reasons: (i) it uses as an extractor media diluted solutions
f the surfactants that are inexpensive, resulting in the economy
f reagents and generations of few laboratory residues, and (ii)
urfactants are not toxic, not volatile, and not easily flammable

11]. Micelle-mediated extraction procedures have found wide
pplications in different areas of analytical chemistry, and their
dvantages over the conventional liquid-liquid extraction tech-
ique have been well documented in the literature [12–14]. The

ormation of micelles consists on the aggregation of a certain num-

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:edsonqmc@hotmail.com
dx.doi.org/10.1016/j.jhazmat.2008.03.100
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er of surfactant monomers [15]. Aqueous solutions containing
non-ionic or zwitterionic surfactant above its critical micel-

ar concentration (CMC) become turbid, because the surfactant
olecules associate spontaneously, forming aggregates of colloidal

imensions [16]. Any species that originally present associates
nd binds to these micellar aggregates can be extracted from
he initial solution and preconcentrated in a small volume of the
urfactant-rich phase. The clouding phenomenon can be induced
y changing the temperature, additive content, or pressure by
hich results the separation of a single isotropic micellar phase

nto two isotropic phases: (i) a surfactant-rich phase of small vol-
me composed mainly of surfactant, and (ii) an aqueous phase
ontaining surfactant with the concentration level near to CMC
14].

Flow injection (FI) separation/preconcentration systems, which
se a mini-column packed with a solid support loaded or func-
ionalized with complexing reagents, has been much used to
ncrease sensitivity and selectivity in the analytical determina-
ion of trace metals [17,18]. FI preconcentration procedures offer
ome very favorable features in relation to batch methods, because
hey comprise a cheap, versatile, and easy operation system that
mproves the analytical frequency and reproducibility. In addition,
eagents and sample consumption and sample manipulation are
educed, minimizing the risks of contamination and analyte loss
19,20]. However, these advantages have been very little explored
n CPE procedures, hence only a few published works with regard
o micelle-mediated extraction procedures describe a FI precon-
entration system for the determination of trace metals [21–25].
herefore, the incorporation of CPE to a FI system is a very inter-
sting alternative in the field of separation methods, joining the
dvantages offered for both methods.

The aim of this work was to develop a new FI separa-
ion/preconcentration procedure in combination with the CPE
echnique for lead and cadmium determination by FAAS. Phase
eparation was performed by using mini-columns packed with cot-
on, glass wool, or TNT compresses, which were tested as filtering

aterial for effective retention of micellar aggregates. Operations
enerally employed in bath CPE such as the heating of micellar solu-
ions in thermostatic bath, the use of a centrifuge and a ice bath,
nd the dilution of the surfactant-rich phase were not necessary, so
he proposed procedure improved significantly the performance of
ath CPE methods.

. Experimental

.1. Instrumentation

A model 3110 flame atomic absorption spectrometer
PerkinElmer – Norwalk, USA) operating with an air-acetylene
ame, was used for lead and cadmium determination. Electrode-

ess discharge lamps (EDL) for lead and cadmium (PerkinElmer
Norwalk, USA) were operated at 10 and 4 mA, respectively,
ith a spectral bandwidth of 0.7 nm. The selected wavelengths
ere 283.3 and 228.8 nm for lead and cadmium, respectively. The

cetylene flow rate, the burner height, and the aspiration rate of
he spectrometer were adjusted in order to obtain the maximum
bsorbance signal. Signals were measured as peak height by using
nstrument software (WinLabTM). All solutions were propelled

y using an Ismatec-IPC peristaltic pump (Ismatec – Glattbrugg,
witzerland) with eight channels and provided with Viton® or
ygon® tubes. A homemade injector-commutator was used to
elect preconcentration/elution steps. A Model Tec-3MP pH-meter
Tecnal – Piracicaba, Brazil), equipped with a glass-combination
lectrode, was used to adjust the pH of solutions.
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.2. Reagents, solutions, and samples

High purity water (resistivity 18.2 M� cm) obtained by a Milli-
® water purification system (Millipore, Bedford, MA, USA) was
sed throughout this work. All chemicals were of analytical-reagent
rade and were used without previous purification. The laboratory
lassware was kept overnight in a 1.4 mol L−1 HNO3 solution. Before
he use, the glassware was washed with deionized water and dried
n a class 100 laminar flow hood.

Stock solution of lead and cadmium at a concentration of
000 mg L−1 was prepared by dissolving appropriate amounts of
b(NO3)2 and CdO, respectively (Johnson & Matthey, Royston, Eng-
and). Working reference solutions were obtained daily by stepwise
ilution from stock solution. A solution of 1.57 mmol L−1 TAN
Merck, Hohenbrunn, Germany) was prepared by dissolution of
00 mg of the chelating agent in 100 mL of ethanol, and the volume
as completed to 250 mL with 2.5% (w/v) Triton X-114. A solu-

ion of 2.5% (w/v) Triton X-114 (Sigma, St Louis, USA) was used as
urfactant agent. A buffer solution of 0.2 mol L−1 sodium acetate
Merck, Darmstadt, Germany) was used to adjust the sample pH at
. The pH of this buffer was adjusted at 5 with concentrated acetic
cid (Merck, Darmstadt, Germany). Sörensen buffer solution was
sed to adjust the pH between 6 and 8.5, and it was prepared by
ixing 0.065 mol L−1 of Na2HPO4 and KH2PO4 (both from Merck,
armstadt, Germany) in an adequate ratio. A solution of 0.1 mol L−1

ris(hydroxymethyl)aminomethane (Merck, Darmstadt, Germany)
as used as buffer for the pH interval of 8.5–10. A 3 mol L−1 HCl

olution used as eluent was prepared by direct dilution from the
oncentrated acid (Merck, Darmstadt, Germany) with deionized
ater.

River water and lake water samples were collected from the
iracicaba River and from a lake at ESALQ, respectively, from the
ity of Piracicaba, São Paulo state, Brazil. Mineral water samples
ere acquired from a local market and drinkable water samples
ere collected in our laboratory. The samples were filtered before

nalyses through a cellulose membrane (Millipore) of 0.45 �m pore
ize.

.3. FI preconcentration system

The flow manifold is shown schematically in Fig. 1 and it was
ade up of a peristaltic pump, an injector-commutator, four mini-

olumns packed with filtering material, and polyethylene tubing
ith inner diameter of 8 mm. Tree filtering materials for mini-

olumn packing were investigated: cotton (Apolo, Minas Gerais,
razil – Lot: 031), glass wool (Technical and Applied Scientific
nowledge, Georgia, USA – Code: 3950), and TNT compresses (Bas-

os Viegas, São Paulo, Brazil – Code: 4391–503). The mini-columns
ade from PTFE tubes with 58 mm of length and inner diameter of
mm were sealed on both ends with glass wool. The performance
f the mini-columns was stable during all experiments. The flow
reconcentration system was operated in a time-based mode.

.4. Procedure for lead and cadmium preconcentration

It was added to the analytical solution containing 0.2 mol L−1

aCl and 3.25 mmol L−1 Sörensen buffer the complexing agent
3.92 �mol L−1 TAN) to react with the lead and cadmium ions. The
H of the reference and sample solutions was adjusted at 8.4 with
diluted nitric acid or sodium hydroxide solution. After 5 min, the
urfactant agent was added to extract the metallic chelates into the
icelles of 0.05% (w/v) Triton X-114, using an incubation time of
min. The cloud point phenomenon was obtained by NaCl already
resent in the micellar solution, which was then injected into the
ow preconcentration system.
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ig. 1. Fl preconcentration system. Two mini-columns packed with suitable filter
ompresses and glass wool for cadmium.

In the preconcentration stage (Fig. 1, System A) with the
njector-commutator in the loading position, a micellar solution
as continuously pumped through the mini-columns at a flow rate
f 3 mL min−1, so that the analytes-containing micelles were col-
ected inside the mini-columns, while the aqueous phase was sent
o waste.

In the elution stage (Fig. 1, System B), the injector was then
hanged manually to its second position, and a 3 mol L−1 HCl solu-
ion was propelled through the mini-columns at a flow rate of
.9 mL min−1, eluting and carrying the micellar aggregates. Dur-

ng the elution step, the first 15 s had been discarded in order
o eliminate larger part of dead volume from the mini-columns,
ollowing plus 40 s that was the enough time for quantitative
ecovery of the analytes. The elution was performed in opposite
irection to sample loading in order to minimize the disper-
ion of the analytes through the eluent. The eluate was collected
nto 15 mL centrifuge tubes and later introduced into the neb-
lizer system of the spectrometer by direct aspiration. Finally,
he filtering material was reconditioned by passing a 3 mol L−1

Cl solution through the mini-columns for 40 s at a flow rate of
mL min−1.

Parameters of the proposed procedure were investigated by
sing the univariate method in order to determine appropriate
hemical and flow conditions for analytes determination. A vol-

me of 10 mL of work reference solution containing 500 �g L−1

f lead and 50 �g L−1 of cadmium was used for simultane-
us preconcentration of the analytes. All assays were performed
n triplicate and absorbance signals were measured as peak
eight.

t
s
I
t
t

aterial were used for each analyte: cotton and TNT compresses for lead and TNT

. Results and discussion

In this work, phase separation was performed by using mini-
olumns packed with a suitable filtering material. Three materials
uch as cotton, glass wool, and TNT compresses were studied in
he flow system; hence the properties of a filtering material for
ffective retention of micellar aggregates are of prime importance.
fter performing some preliminary tests in the preconcentration
ystem, two packing materials were selected for each analyte.

.1. Effect of chemical and flow variables

The influence of chemical and flow variables on the simultane-
us preconcentration of lead and cadmium was investigated. The
H was the first variable studied of the proposed procedure, since
he extraction of metal ions by surfactant micelles generally occurs
fter the formation of a complex with enough hydrophobicity.
ccording to the results shown in Fig. 2, the pH played an important
ole on extraction efficiency; since the maximum absorbance for
ead and cadmium occurred at pH 8.4. It was found that the extrac-
ion efficiency was more favorable in slightly basic conditions, and
pH value of 8.4 was selected throughout, resulting in R.S.D. values

anging from 1.6 to 2.8%.
The clouding phenomenon is usually induced by an increase in
emperature of the micellar solution; however, the addition of a
alting-out agent has also proven to be an effective approach [25].
n this work, it was added a salting-out agent to the micellar solu-
ion in order to facilitate the phase-separation process. Fig. 3 shows
he variation in absorbance as a function of NaCl concentration in
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ig. 2. Effect of pH on the preconcentration of 10 mL of a solution containing
00 �g L−1 Pb(II) and 50 �g L−1 Cd(II), 20 �mol L−1 TAN, 0.4 mol L−1 NaCl, and 0.15%
w/v) Triton X-114 at a flow rate of 3 mL min−1. The micellar phase was eluted with
mol L−1 HCl at a flow rate of 0.9 mL min−1 for 40 s.

he range of 0.05–1 mol L−1. The preconcentration of the analytes
n the flow system occurred also in the absence of electrolyte; how-
ver, the analytical procedure was more efficient by using NaCl at
oncentrations of 0.1–0.3 mol L−1 for cadmium. Below or above this
oncentration range, it was observed a decrease on the absorbance
or cadmium. As can be see in Fig. 3, the effect of NaCl concentra-
ion on the absorbance of lead was less pronounced. The maximum
bsorbance was obtained in the presence of NaCl at concentrations
ear to 0.2 mol L−1 for both the analytes, thus this concentration
as selected for subsequent experiments, resulting R.S.D. values

esser than 3%.
The CPE efficiency depends of inherent interaction of analytes

ith micellar structures. The hydrophobic core in a micelle is the
ore employed binding site in CPE procedures for chelates extrac-

ion; however, the analytes were also extracted in the absence of
helating agent, probably due the existence of different solubi-
ization sites in a micelle, such as on micelle surface, among the

ydrophilic head groups, the space among the poly-oxy-ethylene
roups, the interface between the head groups and the core, and
ydrophobic core [9]. The method presented better sensitivity in
he presence of TAN at concentrations near to 3.92 �mol L−1. Above
his concentration there was a decrease in the absorbance only for

ig. 3. Effect of NaCl concentration on the preconcentration of 10 mL of a solution
pH 8.4) containing 500 �g L−1 Pb(II) and 50 �g L−1 Cd(II), 20 �mol L−1 TAN, and
.15% (w/v) Triton X-114 at a flow rate of 3 mL min−1. The micellar phase was eluted
ith 2 mol L−1 HCl at a flow rate of 0.9 mL min−1 for 40 s.
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admium. A concentration of 3.92 �mol L−1 was selected in order
o guarantee complete recovery of the analytes, and in this concen-
ration the R.S.D. values varied from 1.4 to 3.3%.

In order to raise the efficiency of the preconcentration system,
he concentration of Triton X-114 was studied at concentrations
f 0.025–0.5% (w/v). Maximum intensities of the analytical signals
ere attained at a concentration of 0.05% (w/v) Triton X-114. Above

his concentration there was a decrease in the recovery of analytes,
robably due to the competition for the filtering material between
he analytes-containing micelles and the free micelles. Therefore, a
oncentration of 0.05% (w/v) Triton X-114 was chosen as appropri-
te.

The influence of sample loading flow rate on the preconcentra-
ion of lead and cadmium was studied. 10 mL of a micellar solution
ontaining the analytes were injected into the flow system at flow
ates of 1–6.5 mL min−1. The absorbance signals decreased signif-
cantly only at flow rates higher than 3.5 mL min−1. Therefore, a
ow rate of 3 mL min−1 was found to be suitable for the proposed
rocedure.

In order to elute the analytes-containing micelles from the
ini-columns, hydrochloric acid solutions at concentrations of

–5 mol L−1 were tested as stripping agent. No expressive differ-
nce was observed on the analytical signals in the investigated
oncentration range. For concentrations below than 3 mol L−1 the
leanness of the mini-columns was slower, so a 3 mol L−1 HCl solu-
ion was selected for elution and cleanness of the mini-columns.

The incubation time of the micellar solution was investigated
n order to employ a shortest incubation time. The absorbance of
he analytes was practically constant in the range of 5–60 min, thus
n incubation time of 5 min was considered appropriate for subse-
uent experiments.

Reaction kinetics was also studied in the proposed procedure,
ecause complexes formation is the rate-determining step in sev-
ral chelate extractions [14]. The kinetics of the complexation
eaction between analytes and TAN has shown be fast, because it
as not observed any pronounced effect on the absorbance of the

nalytes in the range of 5–60 min, so a time of 5 min was considered
s appropriate for equilibration time.

.2. Figures of merit of the FI preconcentration system

The analytical properties of merit were obtained by preconcen-
rating 15 mL of analytical solution under selected experimental
onditions, using a preconcentration time of 5 min. All the sta-
istical calculations were based on the average of triplicate

easurements for each standard solution. The proposed analytical
rocedure provided linear calibration curves within the concen-
ration range from 25 to 2000 �g L−1 for Pb2+ and from 2.5 to
00 �g L−1 for Cd2+, according to the following equations:

A = 0.00387 + 0.000145[Pb2+, �g L−1] with

r = 0.99942(mini − column packed with cotton);

A = −0.00118 + 0.000168[Pb2+, �g L−1] with

r = 0.99918(mini − column packed with TNT compresses);

A = 0.00082 + 0.0048[Cd2+, �g L−1] with
r = 0.99937 (mini − column packed with TNT compresses);

A = −0.00858 + 0.00456[Cd2+, �g L−1] with

r = 0.99802(mini − column packed with glass wool);
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Table 1
Properties of merit obtained by the proposed method

Ion Range (�g L−1) Linearitya (r) Slope (b) LODb (�g L−1) EFc RFd (%)

Pbe 50–250 0.99993 0.000197 4.6 19.6 78.4
Pbf 50–250 0.99851 0.000204 4.4 20.3 81.2
Cdg 5–25 0.99942 0.00417 0.74 15.1 60.4
Cdh 5–25 0.99971 0.00448 0.76 16.2 64.8

a Linear correlation coefficient.
b Limit of detection.
c Enhancement factor.
d Recovery factor.
e Mini-column packed with cotton.
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f Mini-column packed with TNT compresses.
g Mini-column packed with TNT compresses.
h Mini-column packed with glass wool.

here A is the absorbance signal and r is the linear correlation
oefficient.

The precision of the method was evaluated for a solution con-
aining 100 �g L−1 of lead and 10 �g L−1 of cadmium, and their
.S.D. values varied from 1.6 to 3.2% (n = 7). Table 1 contains other
gures of merit obtained by the FI preconcentration system shown

n Fig. 1. The limit of detection (LOD) was defined as the analyte con-
entration, which resulted in a response equivalent to three times
he standard deviation (S.D.) of the blank (n = 11) divided by the
ngular coefficient (b) of the calibration curve (LOD = 3 S.D./b). The
nhancement factors (EF) were calculated as the ratio of the slopes
f the calibration curves obtained with and without preconcen-
ration. The recovery factors (RF) were obtained by the following
quation: EF = RF(VS/VE), where VS is the volume of preconcen-
rated solution and VE is the volume of eluate [19]. The overall time
equired for preconcentration of 15 mL of micellar solution for each
ini-column of the proposed system was about 6.6 min; hence the

ystem is composed of four mini-columns the sampling frequency

as about 36.5 samples per hour.

The accuracy of the proposed procedure was investigated
hrough the recovery test in water samples, adding known masses
f analyte to the analyzed aqueous matrices. The analyses were

t
i
s
l

able 2
ecovery of lead and cadmium in water samples

queous matrix Pb2+ added (�g L−1) Pb2+ found (�g L−1)

Mini-column packed with cot

upply
ater

100.0 98.9 ± 7.7
200.0 208.9 ± 2.9

ineral
ater

100.0 103.9 ± 5.6
200.0 200.4 ± 7.7

iver
ater

100.0 97.2 ± 2.9
200.0 191.9 ± 5.1

ake
ater

100.0 98.9 ± 4.5
200.0 190.2 ± 7.7

queous matrix Cd2+ added (�g L−1) Cd2+ found (�g L−1)

Mini-column packed with TNT

upply
ater

10.00 13.15 ± 0.50
20.00 24.02 ± 0.28

ineral
ater

10.00 12.59 ± 0.63
20.00 23.22 ± 0.60

iver
ater

10.00 13.79 ± 0.24
20.00 25.30 ± 0.48

ake
ater

10.00 13.39 ± 0.55
20.00 24.74 ± 0.77

a Recovery.
ig. 4. Effect of barium ions on the recovery of lead in the reference solution and
ineral water sample. The preconcentration was performed according to the opti-
ized parameters.

erformed in triplicate, using a preconcentration time of 5 min.
nitially, the recovery of the analytes from spiked water samples
y the preconcentration system was not appropriate due to matrix
ffects. In a previous work, we used barium ions as a masking
gent to minimize matrix interferences on the preconcentration
nd determination of lead by FI-FAAS [26]. In order to obtain more
ccurate results, it was investigated the addition of barium chlo-
ide as a masking agent to the analyzed matrices. Analytical signals
f both the reference and sample solutions were subtracted from
heir respective blanks. According to the results shown in Fig. 4,
he addition of Ba(II) at concentration of 100 mg L−1 increased the
ensitivity and also improved the precision of the analytical mea-
urements for lead, minimizing significantly matrix effects. Fig. 4
hows only the results for lead in the reference solution and in

he mineral water sample. It was also necessary to add the bar-
um ions in the samples of river water and lake water, except for
upply water. A concentration of 100 mg L−1 Ba(II) was selected for
ead preconcentration.

R (%) Pb2+ found (�g L−1) R (%)

ton Mini-column packed with TNT compresses

98.9 97.9 ± 4.9 97.9
104.4 204.1 ± 2.8 102.1

103.9 99.5 ± 2.8 99.5
100.2 212.3 ± 5.7 106.1

97.2 99.5 ± 7.5 99.5
96.0 192.7 ± 7.5 96.3

98.9 96.3 ± 2.8 96.3
95.1 191.0 ± 4.9 95.5

Ra (%) Cd2+ found (�g L−1) R (%)

compresses Mini-column packed with glass wool

– 12.94 ± 0.22 –
103.8 24.62 ± 0.46 107.3

– 12.41 ± 0.46 –
102.8 23.58 ± 0.34 105.2

– 13.53 ± 0.26 –
106.3 24.99 ± 0.59 106.2

– 13.53 ± 0.32 –
105.8 24.54 ± 0.59 104.3
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Cadmium was also susceptible to matrix effects, which were
inimized with the addition of barium ions to the reference

nd sample solutions, except for supply water. A concentration of
00 mg L−1 of barium was also selected for cadmium preconcen-
ration, except for mineral water and river water, which presented
etter results at concentration of 60 mg L−1 Ba(II).

According to the results contained in Table 2, the proposed
rocedure offered good accuracy for both analytes, presenting
ecoveries of 95.1–106.1% and 102.8–107.3% for lead and cadmium,
espectively. The three materials employed to retain the micellar
hase presented similar results as shown in Table 2, but cotton
resented a more spoiled physical aspect at the end of this work.
lthough the cotton has been the most used material in FI-CPE pro-
edures, TNT compresses have shown to be an excellent alternative
s filtering material, since this synthetic material presented bet-
er physical conditions than cotton. Until recently, there were no
eports in the literature concerning the use of TNT compresses as
ltering materials for mini-column packing.

. Conclusions

The separation and preconcentration of lead and cadmium in
he proposed FI-CPE system, using mini-columns packed with cot-
on, glass wool, or TNT compresses, has shown to be an efficient,
imple, and safe procedure for the determination of trace metals
y FAAS. This procedure presented some very favorable features in
elation to batch CPE methods by using collection mini-columns;
ence some operations generally employed in bath CPE were not
ecessary for the proposed procedure, such as the heating of micel-

ar solutions in thermostatic bath to induce phase separation, the
se of a centrifuge to speed up the phase separation, an ice bath
o facilitate the discarding of the aqueous phase, and the dilution
f surfactant-rich phase to facilitate its introduction in spectromet-
ic nebulizers, thus creasing the speed of analysis and decreasing
he risks of contamination and analyte loss. The analytical proce-
ure also presented low detection limits and good precision and
ccuracy.
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