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The use of a hanging mercury drop electrode (HMDE) and a glassy carbon electrode modified with
Nafion–Hg (NHgFE) to determine Pb(II) and Cd(II) by adsorptive stripping voltammetry in the
presence of quercetin–5’–sulfonic acid (QSA) is reported. With a HMDE it is possible to determine
Pb(II) and Cd(II) individually because the peak current of Pb–QSA is maximum at pH 6.1 (Epeak –0.50
V), while the peak current of the Cd–QSA complex is maximum at pH 8.9 (Epeak –0.66 V). The linear
calibration curves ranged from 0.5–40.0 µg L–1 for Pb(II) and 0.5–45.0 µg L–1 for Cd(II). The
detection limits (3) were estimated to be around 0.3 and 0.1 µg L–1 and the relative standard
deviations were 2.0 and 1.7 % at the 9.4 µg L–1 level of Pb(II) and Cd(II) with 30 s of accumulation
(n=7) (CQSA 2.7 µmol L–1; Eads –0.10 V). On the other hand, it is found that with the prepared Nafion–
mercury film electrode Pb(II) and Cd(II) can be analyzed simultaneously at pH 6.1 (E peak –0.55 V, –
0.73 V). The detection limits were 0.2 µg L–1 for both metal ions, with a linear range until 18.0 µg L–1.
The methods were validated using synthetic sea water (ASTM D665) spiked with several metal ions,
and reference material for measuring of elements in water (TMDA–61) and waste waters (SPS–WW1).
Finally, the method was successfully applied to the determination of Pb(II) and Cd(II) in tap water
after UV digestion.

Keywords: Adsorptive stripping voltammetry; Nafion–coated mercury film electrode; Pb(II) and
Cd(II) determination; Quercetin–5`–sulfonic acid; Water analysis

1. INTRODUCTION
Lead and cadmium are very important in the environment due to their serious toxicity even
when present at very low concentrations. They tend to concentrate in all the aquatic matrices, causing
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bioaccumulation along the food chain. The development of new methods for quantifying traces of
these elements is required. Trace metal ions have been determined with success by anodic stripping
voltammetry (ASV) due to its low limit of detection (LoD), selectivity and relatively inexpensive
instrumentation. The most widely used electrode material in ASV is mercury. Some of the advantages
include reproducible surface, high hydrogen overpotential, high sensitivity, high selectivity, low
instrumentation cost, and the ability to dissolve many metals, which aids in the preconcentration
process 1. Different electrodes, such as Hg–coated glassy carbon 2–4, Hg–film supported on waximpregnated carbon paste 5, Hg(II)–modified multiwalled carbon nanotubes 6, mercury film screen
printed carbon or graphite 7–9, and in recent years solid amalgams 10 have been applied to the
determination of Pb(II) and Cd(II) by ASV. The detection limits obtained are between 0.0094 to 5.0 µg
L–1 for Pb(II) and 0.0018 to 2.0 µg L–1 for Cd(II). These and others electrodes were shown to be
extremely useful for adsorptive stripping measurements of trace nickel, cobalt, molybdenum,
vanadium, and chromium, but the large majority of the published applications of simultaneous
determination of Pb(II) and Cd(II) using modified electrodes utilize ASV. In adsorptive voltammetry
the metal ions must be converted into stable complexes with adequate surface-active ligands to be
adsorbed on the working electrode by means of a nonelectrolytic process prior to the voltammetric
scan, and the detection limit of AdSV is also usually better than ASV 11. Different ligands like morin
12, morin–5–sulfonic acid 13, quercetin 14, dopamine 15,16, carbidopa 17, formazone 18,
2–hydroxybenzaldehyde benzoylhydrazone 19, 2–acetylpyridine salicyloylhydrazone 20, 4,5–
dihydroxy–3–(p–sulfophenylazo)–2,7–naphthalene disulfonic acid 21, thymolphthalexone 22, and
others have been adequate for determining Pb(II) in natural waters. On the other hand, oxine [23,24],
1–(2–pyridylazo)–2,7–dihydroxynaphthalene [25], 2–acetylpyridine salicyloylhydrazone 26,
ammonium 2–amino–cyclopentene dithiocarboxylate 27, calcein blue [28], glyoxylic acid
thiosemicarbazide [29], –mercaptocarboxylic acids [30], 2,5–dimercapto–1,3,4–thiadiazole [31], and
2–mercapto–5–phenylamino–1,3,4–thiadiazole [32] have been used as complexing agents for the
voltammetric determination of Cd(II), while 2–mercaptobenzothiazole 33 and 1–phenylpropane–1–
pentylsulfonylhydrazone–2–oxime 34 have been studied for the adsorptive collection of complexes
with Pb(II) and Cd(II) on a hanging mercury drop electrode (HMDE).
In this study we investigated the simultaneous determination of Pb(II) and Cd(II) using
3,5,7,3´,4´–pentahydroxy–5´–sulfoflavone (quercetin–5’–sulfonic acid, QSA) as adsorbing and
complexing ligand. Comparisons will be made of HMDE and HgFE. With the purpose of getting
higher sensitivity and selectivity, anionic surfactants such as sodium dodecyl sulfate (SDS) and
cationic surfactants such as cetylpyridinium bromide (CPB) were added to the solution.

2. EXPERIMENTAL PART
2.1. Apparatus
The voltammograms were obtained on a Metrohm model 797 VA Computrace in a threeelectrode configuration. The hanging mercury drop electrode (HMDE) or modified glassy carbon
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electrode (NHgFE, disc diameter of 2 mm), were used as working electrodes with a Ag/AgCl/KCl 3
mol L–1 reference electrode, and a platinum wire auxiliary electrode. Solutions were deoxygenated with
high purity nitrogen. The pH measurements were carried out with an Orion–430 digital pH/mV meters
equipped with combined pH glass electrode. UV–irradiation of water samples was carried out in quartz
tubes using a 705 UV–digester (Metrohm).

2.2. Reagents and solutions
Water used for sample preparation, dilution of the reagents, and rinsing purposes was obtained
in a Milli–Q system (18.2 MΩ. Millipore, USA). All the chemicals (nitric acid, acetic acid, etc.) were
analytical grade from Merck (Darmstadt, Germany). Standard Pb(II) and Cd(II) solutions were
prepared by diluting commercial standards containing 1000 mg L–1, Merck (Darmstadt, Germany).
Quercetin–5’–sulfonic acid (QSA) was synthesized as reported by Kopacz 35 and the solutions were
prepared in methanol:water 1:1. The stock solutions of CPB and SDS (from Aldrich) were prepared by
dissolving the reagent in water.
Britton Robinson (BR) buffer solutions were used to investigate pH in the 4.1–9.5 range. These
buffers (0.4 mol L–1) were prepared by mixing equal volumes of orthophosphoric acid, acetic acid, and
boric acid, adjusting to the required pH with 2.0 mol L–1 NaOH solution. Once the pH was shortened,
acetic/acetate solutions were used in the range 4.0–7.0 (0.4 mol L–1). Synthetic sea water (ASTM
D665, Aldrich) spiked with ICP multi–element standard solution IV (Merck), certified reference water
(TMDA–61. Environment Canada), and certified waste water level 1 (SPS–WW1, Norway) were used
for validation measurements.

2.3. Procedure for preparation of NHgFE
The glassy carbon disk electrode was polished with water slurry of 0.3 µm Al2O3, rinsed with
ethanol and water in an ultrasonic bath and dried with N2. The electrode was placed in a 5% Nafion
solution under rotation for 300 s and then the solvents were left to evaporate at room temperature for
15 min.
For preplating the electrode with a mercury film it was immersed in a 200 mg L–1 Hg(II)
solution and the Hg film was formed by holding the working electrode potential at –1.30 V for 150 s.
The same electrode was used in a series of measurements.

2.4. Sample preparation
Domestic tap water samples were collected in our laboratory. Before the analysis all the
samples were digested under UV radiation for 90 min at 90 °C in the presence of H 2O2 (10.0 mL of
sample with 100 µL of 30 % H2O2) to decompose organic substances. To make sure of the reliability
of the method the samples were analyzed by ICP–AES.
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2.5. Procedure
Ten mL of deionized water (or tap water samples), 0.5 mL of Britton–Robinson buffer solution
(0.4 mol L–1) or 0.5 mL of acetate buffer solution (0.4 mol L–1), 5–13 µL of quercetin–5’–sulfonic acid
solution (2.9 mmol L–1), and aliquots of Pb(II) and/or Cd(II) solution (0.5 mg L–1) were pipetted into
the voltammetric cell. The solution was purged with argon (saturated with water vapor) for 5 minutes
in the first cycle and for 60 s for each successive cycle. Then, after eliminating some drops (size:8), a
new mercury drop was extruded to initiate the preconcentration step for a given t ads and Eads at a
stirring speed of 1800 rpm. After an equilibration time of 10 s, the adsorptive voltammogram was
recorded, while the potential was scanned from –0.10 to –1.0 V using square wave modulation with 10
mV step amplitude, 20 mV pulse amplitude, and a frequency of 25 Hz (sweep rate 0.248 V s–1). Each
voltammogram was repeated three times. The calibration curves were obtained and linear regression
and detection limits were calculated. The proposed method was applied to the determination of lead
and cadmium in tap water; in order to eliminate matrix effects the standard addition method was used.
All data were obtained at room temperature (~25 °C).

3. RESULTS AND DISCUSSION
3,5,7,3´,4´–pentahydroxy–5´–sulfoflavone (QSA) (pK1 = 7.4; pK2 = 8.4; pK3 = 10.5) has good
aqueous solubility and forms complexes with a metal:ligand stoichiometry of 1:1 with Pb(II) and of
1:2 with Cd(II) that are poorly soluble in water (10–4–10–5 mol dm–3, 20 °C). In the complexes the
metal is chelated by three C–OH and four C=O, and the sulfonic group contributes a negative charge
36. On the other hand, with Pb(II) and quercetin in methanol have been reported three complexes
with 1:2, 1:1, and 2:1 stoichiometry (M:L), with the following stability constants: log  7.71 ± 0.43,
log  4.87 ± 0.04, and log  8.23 ± 0.05 for PbQ2, PbQ, and Pb2Q respectively. For the best sensitivity
in the simultaneous determination of Pb(II) and Cd(II) using the HMDE the influence of different
parameters such as pH, CQSA, Eads and tads was investigated.
3.1. Effect of operational parameters
3.1.1. Effect of pH variation
The influence of pH on the adsorptive peak currents of the Pb(II) and Cd(II) complexes were
studied in the 4.1–9.5 pH range (Fig. 1A). In order to keep the composition of the buffer constant when
studying the effect of pH, Britton–Robinson (BR) buffers were used. The experimental conditions
were: Pb(II), Cd(II) 9.4 μg L−1; CQSA 2.5 µmol L–1; Eads = –0.10 V and tads = 30 s. It was found that at
pH 6.1 the peak current of Pb–QSA is maximum, while the peak current of the Cd–QSA complex is
maximum at pH 8.9. Fig. 1B shows the anodic and adsorptive stripping voltammograms obtained with
the same Pb(II) and Cd(II) solutions at pH 6.1 and 8.9 respectively. In adsorptive voltammograms (E ads
= –0.10 V), the reduction peak of the Pb–QSA complex is seen at –0.50 V while the reduction peak of
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the Cd–QSA complex is seen at –0.66 V. In anodic voltammograms (Edep = –1.20 V), the oxidation
peak of the Pb(0) is seen at –0.38 V while the oxidation peak of the Cd(0) is seen at –0.57 V. The peak
currents obtained with AdSV are higher than ASV. The peak current of Pb–QSA at pH 6.1 was not
affected by the addition of 50 µgL–1 of Cd(II) and the peak current of Cd–QSA at pH 8.9 was not
affected by the addition of 50 µgL–1 of Pb(II). At all the pH values it was not possible to see both
signals with good sensitivity. For this reason further measurements were carried out individually for
Pb(II) at pH 6.1 and Cd(II) at pH 8.9.
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Figure 1. (A). Effect of pH on the peak current of the Pb–QSA and Cd–QSA complexes. (B).
Adsorptive and anodic stripping voltammograms at pH 6.1 and 8.9. Conditions: Pb(II), Cd(II)
9.4 μg L−1; CQSA: 2.5 μmol L−1; Eads: −0.10 V; Edep: −1.20 V; tacc: 30s; step amplitude: 10 mV;
pulse amplitude: 20 mV and frequency: 25 Hz.
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3.1.2. Effect of Quercetin–5’–sulfonic acid concentration (CQSA)
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Figure 2. Effect of CQSA on the peak current at pH 6.1 (Pb) and 8.9 (Cd). Conditions: Pb(II), Cd(II) 9.4
μgL−1; tads: 30 s; Eads: −0.10 V. Others conditions as in Fig. 1.

Fig. 2 shows the effect of the variation of CQSA on the peak current at pH 6.1 for Pb(II) and at
pH 8.9 for Cd(II). The experimental conditions were: Pb(II), Cd(II) 9.4 μg L−1; Eads = –0.10 V and tads
= 30 s. The peak current increased with increasing CQSA up to 2.7 µmol L–1 for Pb(II) (M:L ratio of
1:60) and 2.0 µmol L–1 for Cd(II) (M:L ratio 1:24). At concentrations higher than 4.5 µmol L–1 the
peak current decreased slightly with increasing concentration of QSA, probably due to the competition
of QSA with complexes for adsorption on the HMDE. An optimum ligand concentration of 2.7 µmol
L–1 was used for further experiments.

3.1.3. Effect of accumulation potential (Eads)
Fig. 3 shows the effect of the accumulation potential on the stripping peak current of the Pb–
QSA and Cd–QSA complexes at pH 6.1 and 8.9 over the 0.0 to –1.0 V range. The experimental
conditions were: Pb(II), Cd(II) 9.4 μg L−1 µg L–1; CQSA = 2.7 μmol L−1 and tads = 30 s. As shown in Fig.
3, the peak current of the Pb–QSA complex decreases with changing potential from –0.1 to –0.5 V and
the peak current of the Cd–QSA complex is maintained almost constant from 0.0 to –0.4 and then
tends to level off. At more negative potentials, the Hg electrode surface has a negative excess charge
and it can cause repulsion with the Cd complex, Cd(H2Q)2=. An accumulation potential of −0.10 V
gives the best sensitivity and was selected for further measurements.
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Figure 3. Effect of accumulation potential on the peak current at pH 6.1 (Pb) and 8.9 (Cd). Conditions:
Pb(II), Cd(II) 9.4 μg L−1; CQSA: 2.7 μmol L−1; tads: 30 s. Others conditions as in Fig. 1.
3.1.4. Effect of accumulation time (tads)
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Figure 4. Effect of accumulation time on the peak current at pH 6.1 (Pb) and 8.9 (Cd). Conditions:
Pb(II), Cd(II) 9.4 μg L−1; CQSA: 2.7 μmol L−1; Eads: –0.1 V. Others conditions as in Fig. 1.
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Fig. 4 shows the effect of accumulation time on the stripping peak current of the Pb–QSA and
Cd–QSA complexes at pH 6.1 and 8.9 over the 0–330 s range. The experimental conditions were:
Pb(II), Cd(II) 9.4 μg L−1; CQSA = 2.7 μmol L−1 and Eads = –0.1 V. Peak current increases with
increasing accumulation prior to the potential scan, indicating that the Pb(II) and Cd(II) complexes are
readily adsorbed on the HMDE. Peak current increased with time up to 300 s. However, considering
the speed of the measurement, tads of 30 or 90 s were used for further studies, but in the analysis of real
samples higher times can be used to achieve good sensitivity.

3.1.5. Effect of SDS and CPB concentration
The effect of the SDS concentration on the peak current of the Pb(II) and Cd(II) complexes was
investigated in the 0.0–1.7 µmol L–1 range. The peak current of Pb(II) increased about 25 % when SDS
concentration increased from 0.0 to 0.6 μmol L–1, and then decreased slowly, while the peak current of
the Cd(II) complex decreases rapidly as SDS concentration increases. At pH 6.1 the Pb–QSA complex
is positively charged, Pb(Q4L)+. SDS and the negatively charged Pb complex–SDS micelles may be
adsorbed on the surface of the mercury electrode, whose charge is positive, by electrostatic attraction,
while the Cd–QSA complex is negatively charged, Cd(H3Q)2=. SDS concentration had no influence on
peak potential.
The effect of the presence of CPB was examined in the 0.0–2.0 μmolL–1 range. It is seen that,
in contrast with the effect of SDS, in the presence of small amounts of cationic surfactant the peak
current of the Pb–QSA and Cd–QSA complexes has no positive effect.

3.1.6. Effect of instrumental variables (frequency, step potential and amplitude)
A linear increase of the peak current of the complex was seen when the size of the mercury
drop varied from 0.25 to 1.25 mm2, and 0.50 mm2 was adopted as optimum, with larger sizes not
convenient because mercury drops fall more frequently.
The peak current of the Pb–QSA and Cd–QSA complexes increased as the frequency increased
from 10 to 50 Hz. However, at frequencies of 50 Hz there was a deterioration of the peak shape and
the background, so 25 Hz was adopted as optimum.
Peak current increased linearly with step potential variations from 1 to 10 mV and pulse
amplitude from 5 to 50 mV, so 10 mV and 20 mV were adopted as optimum for step potential and
pulse amplitude, respectively.

3.2. Analytical parameters
The calibration graphs for the individual determination of Pb(II) and Cd(II) were obtained
under the optimized conditions: pH 6.1 for Pb(II) and pH 8.9 for Cd(II); (500 μL of 0.4 mol L–1 BR
buffer); CQSA 2.7 µmol L–1; Eads –0.10 V. Linearity was dependent on preconcentration time. The peak
height of Pb(II)-QSA increased with increasing concentration, but accumulation time higher than 90 s
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resulted in a double peak due to the formation of the different complexes causing distortion in the
calibration curve and yielding two slopes. As illustrated in Fig. 5A, this effect was not observed at 30
s, yielding a linear range of 0.5–40.0 µg L–1. The limit of detection (LoD) was 0.3 µg L–1 Pb at the 3
level and the relative standard deviation was 2.0 % at the 9.4 µg L–1 level with 30 s of accumulation
(n=7). In the presence of SDS the LoD was lower (0.2 µg L–1). These values were similar to others
reported for Pb(II) determination by adsorptive voltammetry using HMDE in the presence of different
ligands. For instance, Shams et al. 12 used morin and got a LoD of 0.8 µg L–1; Babaei et al. 22 used
thymolphthalexone and got 0.7 µg L–1; Abbasi et al. 21 used 4,5–dihydroxy–3–(p–sulfophenylazo)–
2,7–naphthalene disulfonic acid and got 0.11 µg L–1 for Pb(II). Lower LoD were achieved by Rajabi et
al. 15 using dopamine (0.06 µg L–1); Gholivand et al. 17 using carbidopa (0.06 µg L–1); Arancibia
et al. 13 using morin–5–sulfonic acid (0.04 µg L–1), and Espada-Bellido et al. 19 using 2–
acetylpyridine salicyloylhydrazone (0.04 µg L–1).
For the Cd–QSA complex at accumulation times of 30 and 90 s (pH 8.9), the linear ranges were
0.3–45.0 and 0.3–28.0 µg L–1, respectively (Fig. 5B). The LoD were 0.1 and 0.07 µgL–1 Cd at the 3
level for 30 and 90 s, respectively, and the relative standard deviation was 1.7 % at the 9.4 µg L–1 level
with 30 s of accumulation (n=7). These LoD were lower compared to others reported for AdSV of
Cd(II) using HMDE. For instance, Shemirani et al. 37 used 4-amino-5-methyl-2.4-dihydro-3H-1,2,4triazol-3-tion as ligand and got a DL of 1.7 µg L–1 for Cd(II). Ensafi et al. 38 used xylenol orange to
simultaneously determine Cd(II) and Zn(II) getting a DL of 1.7 and 1.8 µg L–1, respectively. Babaei et
al. 22 used thymolphthalexon and got a DL of 0.9 µg L–1. Lower LoD were achieved by Gholivand et
al. 39–41, who used 2,2-dithiosalicylic acid, N,N'-bis(salicylaldehydo)4-carboxyphenylenediamine,
and captopril, getting DLs of 0.3, 0.03 and 0.034 µg L–1, respectively.
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Figure 5. Adsorptive voltammograms and calibration curves: (A) Pb(II) at pH 6.1; (B) Cd(II) at pH
8.9. Conditions: CQSA: 2.7 μmol L−1; Eads: –0.1 V; tads: 30 s, 90 s. Others conditions as in Fig. 1.
3.3. Studies with Nafion–coated Mercury Film Electrode (NHgFE)
With the HMDE it is possible to determine Pb(II) and Cd(II) without interference among them,
but two signals were not found with the similar sensitivity because the optimum pH for each is
different. Later measurements were carried out using a Nafion coated mercury film electrode (NHgFE)
and applying the optimal analytical conditions obtained with HMDE: CQSA of 2.7 µmol L–1, Eads of –
0.10 V and tads of 30 s. A new study in function of pH was carried out using acetate buffer in the range
4.0–7.0 (0.4 mol L–1), obtaining current slightly higher at pH 6.1. Fig. 6 shows adsorptive
voltammograms for solutions of increasing Pb(II) and Cd(II) concentration after 30 s accumulation.
With this electrode, reduction of the ligand was not observed, yielding sharp and well defined peaks
for Pb(II) at –0.55 V and Cd(II) at –0.73 V. The results clearly show that the negative Nafion film
greatly minimizes the adsorption of free QSA which at pH 6.1 it could prevent the accumulation of the
Cd-QSA complex. The LoD were 0.2 µg L–1 for both metal ions, with a linear range up to 18.0 µg L–1.
These results were better than others reported for ASV of Pb(II) and Cd(II) using different modified
electrodes. For instance, Fairulnizal et al. 7 got LoD of 1.0 and 2.0 µg L–1 for Pb(II) and Cd(II) using
a mercury film screen-printed carbon electrode. Wang et al. 10 reported LoD of 0.342 and 0.551 µg
L–1 using a nafion coated nanosized Ag-Hg amalgam on a glassy carbon electrode. Using a bismuth
modified carbon paste electrode Svancara et al. 42 reported LoD of 0.8 and 1.0 µg L–1, whereas Kang
et al. 43 used a bismuth-modified carbon nanotube electrode obtaining LoD of 1.3 and 0.7 µg L–1 and
Luo et al. 44 using a bismuth/poly(p-aminobenzene sulfonic acid) film electrode obtained LoD of 0.8
and 0.63 µg L–1 for Pb(II) and Cd(II), respectively. Using an antimony film electrode Hocevar et al.
45 got LoD of 0.3 and 1.1 µg L–1 for Pb(II) and Cd(II), whereas Swain et al. 4 reported high LoD

Int. J. Electrochem. Sci., Vol. 7, 2012

4555

using a boron-doped diamond thin-film electrode (5.0 and 1.0 µg L–1 for Pb(II) and Cd(II)). The best
LoD were obtained by Narayanan et al. 6, who prepared Hg(II)-modified multi-walled carbon
nanotubes immobilized on the graphite rod dispersed in Nafion for the ASV of Pb(II) and Cd(II),
getting LoD of 0.94 and 1.8 ngL–1, respectively.
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Figure 6. Adsorptive voltammograms and calibration curves at pH 6.1 (acetate buffer). Conditions:
CQSA: 2.7 μmol L−1; Eads: –0.1 V; tads: 30 s. Others conditions as in Fig. 1.
3.4. Interference studies and validation of the method
A 10 mL aliquot of synthetic sea water (ASTM D665) fortified with a standard solution
containing metal ions such as Ag, Al, Cd, Co, Cr, Cu, Fe, Ni, Pb, Sr, Zn (5.0 µg L–1) and 0.5 mL of 0.4
mol L–1 BR buffer of pH 6.1 were added to the electrochemical cell. Due to the important presence of
metal ions unusual in natural water samples, aliquots of QSA were added until the Pb–QSA peak
current reached a maximum (CQSA: 3.6 µmol L–1). The analysis of Pb(II) (HMDE) was carried out
using the standard addition method. The result obtained for Pb(II) was 4.8 ± 0.3 µg L–1 (tads: 30 s; Eads:
–0.10 V). With this sample the DL obtained was 0.9 µg L−1 and the plot was linear until 30.0 µmol L–1.
The method for Cd(II) was validated with another aliquot of synthetic sea water fortified with metal
ions at pH 8.9 (CQSA: 3.6 µmol L–1, tads: 30 s; Eads: –0.10 V). The results obtained for Cd was 4.9 ± 0.1
µg L–1. The presence of all these metal ions in the same concentration of analytes not interferes in the
determination. Using the same electrode the usefulness of the present method was also evaluated by
analysis of Pb(II) in certified reference waste water (SPS–WW1) containing certified values of Al 2.0;
As 0.1; Cd 0.02; Co 0.06; Cr 0.2; Cu 0.4; Fe 1.0; Mn 0.4; Ni 1.0; P 1.0; Pb 0.1; V 0.1, and Zn 0.6 mg
L–1. This analysis was carried out with 10.0 mL of deionized water, 200 µL of sample, 0.5 mL of 0.4
mol L–1 BR buffer and 13 µL of QSA 2.9 mmol L–1. Three replicate analyses were performed for each
sample. The value obtained was 1.8 ± 0.01 µg L–1 (–3.7 % RE) and the plot was also linear until 30.0
µg L–1. These measurements were made in the presence of SDS 0.7 µmol L–1, giving higher values and

Int. J. Electrochem. Sci., Vol. 7, 2012

4556

slopes in the presence of anionic surfactant. On the other hand, the method for Cd(II) with the HMDE
was evaluated by validating with certified reference waste water (SPS–WW1) and certified reference
water (TMDA–61) containing Al 57.9; As 34.4; Cd 58; Co 63; Cu 63.5; Fe 79.7; Mn 75.7; Ni 57.5; Pb
61.4; V 71.1; Zn 71.3 µg L–1 and others. The experimental conditions were: CQSA: 3.6 µmol L–1, tads:
30 s; Eads: –0.10 V, adding 800 µL SPS–WW1 or 600 µL of TMDA–61 and 0.5 mL BR buffer of pH
8.9. The results obtained were 1.3 ± 0.3 and 3.2 ± 0.2 µg L–1 respectively (–7.8 and 2.2 % RE). On the
other hand, the method using the NHgFE electrode was validated using certified reference waste water.
The experimental conditions were: CQSA: 3.6 µmol L–1, tads: 30 s; Eads: –0.10 V, adding 1.0 mL of
waste water and 0.5 mL of 0.4 mol L–1 acetate buffer (total volume 10 mL), getting 10.7 ± 0.2 and 1.9
± 0.1 µg L–1 for Pb(II) and Cd(II), respectively (7.0 and –5.0 % RE).

3.4. Analysis of Pb and Cd in tap water
The proposed method was applied to the determination of Pb(II) and Cd(II) in domestic tap
water previously digested with UV radiation in the presence of H2O2 solution. These analyses (10–mL
samples) were carried out in the presence of SDS 0.7 µmol L–1 (pH 6.1; CQSA: 2.7 µmol L–1, tads: 30 s;
Eads: –0.10 V). To check the reliability of the method the samples were analyzed by ICP–AES,
however the results obtained with this technique were below 10 μg L–1, which is the detection limit of
this procedure. The value obtained was 9.0 ± 0.2 µg L–1 for Pb(II) (n=5) and Cd(II) was not detected.
The levels are below the limit proposed by the EPA for Pb(II) tap water (15 µg L–1).

4. CONCLUSIONS
The simultaneous analysis of Pb(II) and Cd(II) by adsorptive stripping voltammetry was the
aim of this study. It is not possible with the HMDE as work electrode and quercetin–5’–sulfonic acid
as ligand. The respective complexes are formed, but the charge is not adequate at the same pH for
accumulation on the electrode. For the analysis of Pb(II) and Cd(II) it is necessary to realize
measurements at pH 6.1 and 8.9 respectively. However, replacing the HMDE by nafion/mercury film
electrode two signals are observed and it is possible the simultaneous analysis at pH 6.1. The presence
of nafion in the electrode avoid the interference of free ligand. The methods showed excellent
sensibility, selectivity and relative rapidity. The presence of SDS always increases the peak current of
the Pb–QSA complex and the slope of the ipeak vs. Pb(II) concentration plot, but the exact ipeak ratio in
the presence and absence of SDS is dependent on analyte concentration and the sample's matrix.
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