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The present paper proposes a preconcentration procedure for lead determination using flame atomic absorption spectrometry
ased on lead(II) ions extraction as brilliant cresyl blue (BCB) complex and its sorption onto Diaion HP-2MG, a methacrylic ester co
he optimization step was carried out using factorial design and the variables studied were pH, shaking time and reagent conce

he established experimental conditions, lead can be determinate with a limit of detection of 3.7�g L-1 lead (N= 20) and a relative standa
eviation of 7% for a lead concentration of 100�g L-1. The accuracy was confirmed by analysis of a certified reference material, the
ediment furnished by National Research Centre for Certified Reference Materials (NRCCRM), China (GBW 07310). Effect of o
n the procedure proposed was also studied. The method was applied for lead determination in real samples of water, tea, so
ests of addition/recovery in the experiments for lead determination in water samples revealed that the proposed procedure coul
atisfactorily for analysis of these samples.
2004 Elsevier B.V. All rights reserved.
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. Introduction

The principal sources of contamination into humans by
ead are foods and drinks consumed. The presence of lead
n aliments is due to environmental contamination associ-
ted with soil and also related to atmospheric precipitation,
esticides and materials used in its production. A regular ab-
orption of small quantities of lead may cause serious injuries
o health such as encephalopathy, kidney damage and several
ffects in the body[1,2]. This way, lead determination in al-
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iments, drinks and its pollution sources like soil and dus
very important. However, lead is generally present in th
samples as traces quantities, and the conventional techn
such as flame absorption atomic spectrometry (FAAS) an
ductively coupled plasma emission spectrometry (ICP-O
have high detection limits for lead determination. Then,
concentration procedures are opportune and several me
have been proposed with this objective[3–9].

Basic dyes, like brilliant cresyl blue, brilliant blue, met
violet, etc., give ion-association complexes with a numb
metal ions for their determination[10]. Various spectropho
tometric studies have been performed for the determin
of some metal ions by using brilliant cresyl blue[11–13].

Diaion HP-2MG is methacrylic ester copolymer, and
relatively hydrophilic nature. Its surface area, mesh
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and pore size is 500 g m-2, 25–50 mesh and 170, respec-
tively [14,15]. Diaion HP-2MG is relatively new resin for
the solid-phase extraction of traces of heavy metal ions.
Cysteamine-immobilized Diaion HP-2MG has been used for
the preconcentration of Cd2+ and Pb2+ from aqueous solu-
tions by Tanco et al.[16]. Kabay et al.[17] have used Diaion
HP-2MG for the preconcentration of Cr (VI) from natural
waters. Tuzen and Soylak[18] have proposed a preconcen-
tration procedure from some metal ions on Diaion HP-2MG.

Chemometric techniques have been frequently used for
optimization of analytical methods[19,20]. Among these,
factorial design is used mainly for preliminary evaluation of
the significance of the variables[21,22], but it can also be
used for end optimization of analytical procedure[23].

The present paper proposes a procedure for lead deter-
mination in water, tea, soil and dust samples by flame ab-
sorption atomic spectrometry. It is based on sorption of
lead(II) ions complexed with brilliant cresyl blue (BCB) onto
a methacrylic ester copolymer (Diaion HP-2MG). The opti-
mization step was carried out using factorial design.

2. Experimental
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(GBW 07310) was obtained from National Research Centre
for Certified Reference Materials (NRCCRM), China.

Ammonium acetate buffer (0.1 mol L-1) was prepared by
adding an appropriate amount of acetic acid to ammonium
acetate solutions resulting in solutions of pH 6. For pH 7, a
borate buffer was used. Ammonium chloride buffer solution
was prepared by mixing appropriate amounts of 0.1 mol L-1

ammonia and 0.1 mol L-1 ammonium chloride solutions for
pH 8.

2.3. General procedure

A sample volume of 100 mL or 250 mL, containing
lead(II) ions, was transferred into a beaker; 10 mL of buffer
solution and 1.0 mL of 5× 10-3 mol L-1 brillant cresyl blue
(BCB) solution were added. After a fast shaking, 100 mg
of Diaion HP-2MG was added and the mixture was shaken
again for 30 min. The system was then filtered under vacuum
through cellulose nitrate membrane (5 cm diameter). Then,
the filter and constituents were washed with distilled water.
In order to elute adsorbed lead on Diaion HP-2MG, 10 mL of
1 mol L-1 HNO3 in acetone was used. After elution, acetone
content of the elution solution was evaporated near to dryness.
The final volume was completed to 5.0 mL with 1 mol L-1

HNO3. Lead content of the final solution was determined by
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A Perkin-Elmer Model 3110 atomic absorption spectr
ter, equipped with a lead hollow cathode lamp operat
mA, was used throughout this work. The wavelength
pectral band pass were set at 283.3 nm and 0.7 nm, re
ively. The nebulizer uptake rate was adjusted to give
ptimum response for conventional sample introduction
esulting rate being 6.0 mL min-1. An acetylene flow rate o
.5 L min-1 was used with an air-flow rate of 8.0 L min-1. A
igital pH meter model Nel-900 was used for pH meas
ents. A Nuve ST 402 type shaker was used in all ex
ents.

.2. Reagents and solutions

All chemicals used were of analytical reagent grade
ess stated otherwise, and aqueous reagents were prep
ouble distilled deionized water. Laboratory glassware
ept overnight in 10% (v/v) nitric acid solution, rinsed w
eionized water before use. Lead(II) standard solution
repared from 1000 mg L-1 solution of lead(II) nitrate, an
iluted as required with distilled water.

Diaion HP-2MG (25–50 mesh) was purchased from
elco (no: 1-3601). In order to remove organic and i
anic contaminants, the resin was washed successively
ethanol, distilled water, 1 mol L-1 HNO3 in acetone, dis

illed water, 1 mol L-1 NaOH and distilled water.
Brillant cresyl blue solution (BCB) (Merck, Darmsta

olution (5× 10-3 mol L-1) was prepared daily by dissolvin
n water. The stream sediment standard reference ma
-

n

ame atomic absorption spectrometry. The same proce
as applied to the blank solution.

.4. Optimization strategy

The optimization process was carried out using a
evel factorial design[24,25]. In this experimental desig
he experiment number (N) is calculated by expressionN =
k, wherek is the number of variables. The variables cho
ere pH, reagent concentration (RC) and shaking time
aximum and minimum levels of each factor (Table 1) w
stablished according to the data from previous experim
able 2shows the experimental design matrix, using
ecovery (%) as analytical response. All the experiments
arried out in random order and in duplicates, using a sol
olume of 250 mL containing 20.0�g of lead.

.5. Digestion procedure for the real samples

The stream sediment standard reference material,
ea, soil and dust samples were digested according to p
ure given in literatures[26–28].

able 1
actors and levels used in the factorial design

ariable Low (−) High (+)

eagent concentration (RC) (mol l-1) 5 × 10-6 5 × 10-5

H 6.0 8.0
haking time (ST) (min) 10 30
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Table 2
Design matrix and the results of the two-level factorial design

Experiment RC pH ST Recovery (%)

R1 R2

1 + + + 94.7 105.3
2 + + − 94.4 90.9
3 + − + 84.2 84.2
4 + − − 78.9 84.2
5 − + + 78.9 85.9
6 − + − 57.9 58.1
7 − − + 51.3 48.0
8 − − − 39.8 42.1

RC: reagent concentration; ST: shaking time.

A 200 mg amount of a stream sediment standard reference
material (GBW 07310) sample was decomposed with 15 mL
of aqua regia and the solution was evaporated to dryness. This
process was repeated twice. Ten milliliters of distilled water
was added to the residue. The suspension was filtered through
a blue band filter paper, and the insoluble part was washed
with distilled water. Then the general procedure given above
was applied to the final solutions. The same procedure was
applied to the blank solution.

Two grams of black tea was digested in a quartz vessel
with 10 mL of concentrated sulfuric acid and 40 mL of hy-
drogen peroxide 30% at 110◦C for 3 h. After digestion, the
volume was made up to 50 mL with distilled water. Blanks
were prepared in the same way as the sample, but omitting
the sample.

A 1.0 g amount of soil or dust sample was decomposed
with 15 mL of aqua regia and the solution was evaporated
to dryness. This process was repeated twice. Ten milliliters
of distilled water was added to the residue. The suspen-
sion was filtered through a blue band filter paper, and
the insoluble part was washed with distilled water. Then,
the preconcentration procedure was applied to the final
solutions.

eto cha

3. Results and discussion

3.1. Optimization of the experimental conditions using
factorial design

Considering the preconcentration procedure proposed the
variables chosen for optimization using factorial design were
pH, reagent concentration and shaking time, using lead re-
covery (%) as analytical response. The data of this experi-
ment were evaluated by analysis of variance (ANOVA). The
Pareto chart (Fig. 1) shows these results. In this chart, it can
also be seen that: (1) reagent concentration is the factor more
significant for preconcentration procedure; (2) reagent con-
centration in the superior level is more convenient for this
procedure; (3) the lead recovery increases with the increase
of pH; and (4) the lead recovery increases with the increase of
the shaking time. The interactions (ST)× (pH), (ST)× (RC)
and (RC)× (pH) are significant. Considering this, the three
studied variables have to be operated at their highest levels
(+, +, +). The same conclusion can be showed geometrically
by analysis of the graph present inFig. 2. For three variables,
corners of a cube can describe the eight experiments nec-
essary to design application. The corner, which presents the
recovery percent value of 101.38, is corresponding at levels
combination (+, +, +) for all studied variables. In the opposite
c ses a
v level
c n
i trac-
t -
c e of
3

3

ition
m MG
Fig. 1. Par
 rt of effects.

orner, the worst recovery can be found which posses
alue of 39.58%. This response corresponds at follow
ombination (−,−, −). Thus, the two-level factorial desig
ndicates that optimum values to develop solid-phase ex
ion procedure operation is 5× 10-5 mol L-1 for reagent con
entration, a buffer solution at pH 8.0 and a shaking tim
0 min for attain recoveries of 100%.

.2. Matrix effects

The influences of some alkali, earth alkali and trans
etals on the recoveries of lead ions on Diaion HP-2
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Fig. 2. Response cube graph ofTable 2. The analyzed response was % lead
recovery.

resin were investigated. The results are given inTable 3. The
tolerance limit is defined as the ion concentration causing a
relative error smaller than±5% related to the preconcentra-
tion and determination of analytes. The tolerable levels of
some heavy metal ions are suitable for the separation and
preconcentration of the analyte ions in the real samples ex-
amined in the present study, because the levels of transition
metals in these samples are lower than their interferic level.

3.3. Analytical performance

A relative standard deviation of 7% was obtained for a
lead concentration of 100�g L-1. The detection limit was
determinate as IUPAC recommendation[29] for 100 mL of
sample volume, based on three times the standard deviations
of the blank. It was 3.7�g L-1 (N = 20). The theoretical pre-
concentration factors found for this method were 20 or 50,
considering sample volumes of 100 or 250 mL, respectively.

Tests of addition/recovery in the experiments for lead de-
termination were performed in two water samples. The results
are given inTable 4. Good agreements for lead ions were ob-
tained between the added and measured analyte amounts

Table 3
The influences of some ions on the solid-phase extraction of lead on Diaion
H

F

N
K
C
M
C
F
N
C
M
C

Table 4
The results for tests of addition/recovery for lead determination in water
samples (sample volume: 100 mL, final volume: 5 mL (N = 3))

Sample Lead added
(�g)

Lead founda

(�g)
Recovery
(%)

Anatolia bottled
mineral water

0 – –
10 10.4± 0.1 104.0
20 19.8± 0.8 99.0
30 30± 2 98.7

A tap water 0 – –
10 9.9± 0.2 99.0
20 19.7± 0.3 98.5
30 29± 1 98.0

a At 95% confidence limit.

The recovery values calculated for the added standards were
always higher than 95%. In the light of these results, the pro-
posed procedure could be applied satisfactorily for analysis
of these samples.

3.4. Analysis of standard stream sediment reference
material

The preconcentration procedure was applied for lead de-
termination in a stream sediment standard reference material
(GBW 07310). While the certified value was 27.0�g g-1, the
lead level found by proposed method was 27.2± 2.4�g g-1

at 95% confidence limit. The results are based on the aver-
age of five replicates, which show that the results are in good
agreement with the certified values. If the concentration lev-
els of the most common matrix constituents of the stream
sediment reference sample and the accuracy of the presented
method are considered together, it can be concluded that the
proposed method is free from interferences of the various
constituents.

3.5. Applications

The presented procedure was applied for lead determina-
t use
d en
c

T
T

S

B
B
S

S

H
H

P-2MG (N= 3)

oreign ion Added as Tolerable
concentration (mg l-1)

Recovery
(%)

a+ NaCl 10000 95
+ KCl 1000 100
a2+ CaCl2 1000 95
g2+ MgCl2 500 95
o2+ Co(NO3)2 50 95
e3+ FeCl3 10 100
i2+ Ni(NO3)2 10 95
u2+ CuSO4 5 95
n2+ MnSO4 5 95
r3+ Cr(NO3)3 1 95
.ion in various samples including black tea, soil and ho
usts. The results are given inTable 5. The results have be
alculated by assuming 100% recovery of lead ions.

able 5
he concentration of lead in the samples (N = 5)

ample Concentration achieveda (�g g-1)

lack tea-1 3.3± 0.1
lack tea-2 3.7± 0.2
oil sample from campus
of Erciyes University

46± 4

oil sample from Talas
Road

42± 2

ouse dust-1 20± 1
ouse dust-2 24± 1
a At 95% confidence limit.
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4. Conclusions

The application of a two-level factorial design made pos-
sible a fast and economical optimization of a separation and
preconcentration system based on solid-phase extraction phe-
nomenon. The lead complexation by brilliant cresyl blue
(BCB) reagent and its sorption onto Diaion HP-2MG was
efficient to separate and preconcentrate this metal from sev-
eral sample matrixes like tea, soil and water.
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