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A glassy carbon electrode was modified by drop-coating technique using 1,4,10,13-Tetraoxa-7,16-diazaciclooctadecano (diaza-18 -crown-6 or DA18C6) and 
Nafion (NF) for the determination of Pb (II) by square wave anodic stripping voltammetric (SWASV). The new electrode exhibits an increase in due to major 
pre-concentration of aza crown ether and ionic exchange of NF with metal cations. Optimal conditions were: 3 mmol L-1 DA18C6, 3 wt % NF, 10 mmol L-1 HCl 
as supporting electrolyte, a frequency of 15 Hz , an accumulation time of 300 s and an accumulation potential of -0.80 V. The detection limit was 0.09 µg L-1 and 
linear range was 10-50 µg L-1. Interference from metal ions such us Fe (II), Pb (II), Cd (II) and Cu (II) was also studied. The method is sensitive, selective and 
simple with a relative standard deviation of 11%.
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1. INTRODUCTION

Lead is a non-degradable, bioaccumulative and toxic metal present in 
aqueous systems (rivers, lakes, sea, etc.) due to natural sources and anthropogenic 
factors causing adverse effects on the environment and on humans1-4. The World 
Health Organization (WHO) and the U.S. Environmental Protection Agency 
(EPA) have set a maximum level of 50 and 10 μg L-1 in seawater and drinking 
water, respectively5,6. Therefore, analytical methodologies to determine trace 
levels of this element are required7. Consequently, many analytical methods 
have been developed to determine Pb (II): atomic absorption spectrometry 
(AAS)8,9, inductively coupled plasma mass spectrometry (ICP-MS)10-13, and 
atomic fluorescence spectrometry (AFS)14,15. Although these techniques 
are selective and have high sensitivity, they are somewhat time-consuming, 
expensive and not allow in situ measurement. Electroanalytical techniques like 
anodic stripping voltammetry (ASV), cathodic stripping voltammetry (CSV) 
and adsorptive stripping voltammetry (AdSV) have important advantages 
including high sensitivity, accuracy and precision, as well as the low cost 
of instrumentation6,16-19. ASV is based on prior reduction of the analyte on 
a suitable working electrode by potential controlled preconcentration and 
subsequent electrochemical oxidation of the preconcentrate species. For 
decades, due to several electrochemical advantages, mercury electrodes have 
been widely used in stripping analysis, however due to their toxicity, their use 
is being restricted, emerging as alternative chemically modified electrodes 
(CMEs) with bismuth20, platinum, gold and nanomaterials21,22, among others. 
CMEs have also attracted considerable interest for direct analysis of natural 
water samples, by modification of the surface or bulk matrix material of 
the electrode with a selected reagent (organic compounds, monomeric or 
polymeric). One of the widespread techniques in preparing CMEs consists 
of applying polymer films to the surface of the electrodes23,24. An alternative 
to modifiers are aza crown ether compounds due to host-guest interaction 
allowing selective interaction with metal ions through electrostatic interactions 
and by encapsulation in its cavity. This selective interaction is attributed to the 
ion size, the cavity and nature of the ion polarization in different solvents25,26. 
Several studies detect some heavy metals using this kind of compounds27-30.

The aim of this work is the preparation of a chemically modified electrode 
using NF-DA18C6-GC that combines the selective complexing ability of the 
1,4,10,13-Tetraoxa-7,16-diazaciclooctadecano (DA18C6) and the exchange 
properties of Nafion, using drop coating for the determination of Pb (II) by 
SWASV. The method was validated using certified reference waters (SPS-
WW1 and TDMA 53.1) and was applied to the analysis of the natural water.

2. EXPERIMENTAL

2.1 Apparatus
Electrochemical experiments were carried out with a CH Instruments 

(USA) model 620C potentiostat. A three-electrode system consisting of a 
working glassy carbon electrode (CHI104, 3 mm diameter), Ag/AgCl reference 

electrode (3 mol L-1KCl), and a platinum wire auxiliary electrode set up in a 10 
mL electrochemical cell.

2.2 Reagents
All the reagents used were analytic grade: Nafion perfluorinated 

polymer (5 wt % solution in mixture of lower aliphatic alcohol and water), 
1,4,10,13-Tetraoxa-7,16-diazaciclooctadecano (Diaza-18-Crown-6 or 
DA18C6) (Sigma Aldrich), acetic acid (CH3COOH), hydrochloric acid (HCl), 
phosforic acid (H3PO4), nitric acid (HNO3), ethanol (CH3CH2OH), standards 
of Pb (II), Ni (II), Co (II), Fe (II), Cu (II), Cd (II) from 1000 mg L-1 (Merck).

2.3     Procedure
2.3.1  Preparation of NF-DA18C6-GC electrode
The glassy carbon electrodes were polished mechanically using 0.3 µm 

alumina with double-distilled water on a porous surface. Then, they were 
rinsed and sonicated for 15 minutes in double-distilled water. The three-
electrode electrochemical cell was washed continuously with a 0.5 mol L-1 
HNO3 solution. Using the drop coating technique, 10 µL of a 0.1mol L-1with 
different Diaza-18-Crown-6 and Nafion (wt %) ratios in ethanol were applied 
on the surface of the glassy carbon electrode drying it at 40 ºC temperature. The 
modified electrodes were evaluated using SWASV.

3. RESULTS AND DISCUSSION

3.1     Voltammetry characterization
The electrochemical response of 50 µg L-1 of Pb (II) under unoptimized 

conditions (CDA18C6 1 mmol L-1, supporting electrolyte CH3COOH 10 mmol L-1, 
accumulation time (tacc) of 180 s and an accumulation potential (Eacc) of -1.10 
V) was evaluated using ASV. Figure 1 shows the electrochemical behavior of 
GC, NF-GC and NF-DA18C6-GC. The oxidation signal of Pb (II) in GC is 
observed to -0.45 V, whereas NF-GC and NF-DA18C6-GC has a signal shift 
to -0.65 V. This signal shift towards more negative potentials is attributed to 
the complex formation DA18C6-Pb (II).The increase in current of 0.44 µA 
with GC to 0.90 µA with NF-DA18C6-GC is attributed to the formation of a 
complex type host-guest between DA18C6 and Pb (II)31,32, where the diameter 
of the ion Pb (II) is 2.4 Å and the cavity DA18C6 is 2.6-3.2 Å. On the other 
hand, sulfonate groups of NF allow the accumulation of Pb (II) on the electrode 
surface33,34.

3.2     Effect of experimental variables
The effect of supporting electrolyte (Figure 2) using CH3COOH, HCl and 

H3PO4 was evaluated. It was found that there is an increase in the peak current 
associated with the oxidation of Pb (0)to Pb (II) with HCl due to its higher 
conductivity associated with its complete dissociation. Therefore, HCl was 
chosen for further studies.
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Figure 1. SWASV voltammograms of 50 µg L-1 of Pb (II) using: GC, 
NF-GC and NF-DA18C6-GC at Eacc -1.10 V, tacc180 s and 15 Hz in 10 mmol 
L-1 CH3COOH.

Figure 2. Effect of supporting electrolyte using 10 mmol L-1 HCl, 
CH3COOH and H3PO4 of 50 µg L-1 of Pb (II) with NF-DA18C6-GC at Eacc 
-1.10 V, tacc 180 s and 15 Hz.

The Figure 3 (a) shows the effect of the concentration of DA18C6 as 
modifying agent in the peak current of 50 µg L-1 Pb (II). It is observed that 
the peak current of Pb (II) increased and reached a maximum at 5 mmol 
L-1 DA18C6; subsequently the concentration of crown does not produce a 
significant increase in the peak current, attributable to the saturation of active 
sites on the electrode surface or to the higher proportion of DA18C6 in the 
modifying solution, producing a film rupture33,35. To avoid separation of the 
film and to obtain the best analytical signal, a concentration of 3 mmol L-1 of 
DA18C6 was selected. 

Figure 3 (b) shows the effect of Nafion concentration on the peak current 
of 50 µg L-1 Pb (II), which was evaluated between 0.5 and 5 wt % in 10 mmol 
L-1 HCl and a constant concentration of 3 mmol L-1 of DA18C6. The peak 
current of Pb (II) increases until reaching a maximum at 3 wt % and then it 
decreased. Similar results have been reported. This response can be explained 
by the fact that thick Nafion film displayed large cracks due to contractive force 
within the film. Through these openings in the polymer structure, the oxidized 
species can diffuse away from the electrode surface before significant replating 
occurs, inhibiting the redox cycling mechanism35. Therefore, 3 wt % Nafion 

solution was selected as the optimized condition.
On the other hand, Figure 3 (c) shows the effect of the accumulation 

potential between 0.00 and -1.20 V in the presence of 50 µgL-1 of Pb (II). The 
peak current increases when the reduction potential becomes more negative, 
however, at potentials lower than −1.20 V, the reduction of the proton to 
hydrogen36 begins at the electrode and hydrogen bubbles could produce 
detachment of the film and reduce the signal Pb (II). Based on these results, the 
optimum accumulation potential is -0.80 V.

Figure 3 (d) shows the effect of accumulation time on the peak current 
of 50 µg L-1 of Pb (II) between 60 and 1,500 s. The current increases with the 
accumulation time reaching a maximum in 900 s. After this time, the current 
signal remains constant due to the saturation of active sites on the electrode 
surface.The accumulation time in the first stage of SWASV is directly related 
to the concentration of analyte, thus for low concentrations (~1-10 µg L-1), it 
requires longer time than for higher concentrations of analyte, where it requires 
less time to saturate the electrode surface. A time of 300 s was selected for both 
for further studies.
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The effect of frequency of SWASV on 50 µg L-1 of Pb (II) was evaluated 
between 5 and 60 Hz (Figure 3 f-g). The peak current of oxidation of Pb to Pb 
(II) increases with frequency, but the signal is affected by a widening, losing 
definition. The frequency should not affect the reproducibility of the signal, 
so it is not recommended to use values above 30 Hz. A frequency of 15 Hz 
was chosen as the optimum because clear and well defined currents peaks are 
obtained, with good sensitivity37.

3.3     Calibration data and application to real samples
The analytical method was developed under the following conditions: Eacc: 

−0.80 V, tacc: 300 s, and a frequency of 15 Hz.  The measurements were made 
with successive additions of aliquots of Pb (II) solution with increments of 
about 10.0 µg L−1. Figure 4 (a) shows the voltammograms and (b) calibration 
curve obtained under the optimum parameters. The linear range is 10 to 50 µg 
L−1 with a limit of detection (LOD) of 0.09 μgL-1 with a confidence level of 95% 
and a Pearson coefficient of 0.99638.

Figure 3. Effect of (a) DA18C6 concentration, (b) NF concentration, (c) accumulation potential, (d) accumulation time and (e-f) 
frequency in 50 µg L-1 Pb (II) in 10 mmol L-1 HCl.
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Figure 4. (a) Square wave stripping voltammograms and (b) calibration curves for Pb (II) using NF-DA18C6-GC at 10 mmol L−1 HCl, Eacc −0.80V, 
tacc 300 s, and 15 Hz.

To evaluate the accuracy of the developed method, it was tested using a 
certified reference material TMDA-15 (11 µg L-1 of Pb (II)). Experimentally, 
a concentration of 11 ± 0.67 µg L-1 (n=6) was found, obtaining a relative error 
of 6.72 %. No significant differences between the theoretical and experimental 
values were found. The repeatability was studied using a synthetic sample with 
10 µg L-1 of Pb (II) evaluated in quadruplicate, finding a RSD of 10.19 %.

Reproducibility was evaluated using a standard solution of 10 µg L-1 of Pb 
(II) with three different electrodes. Analysis was developed by quadruplicate 

using the method of standard addition. The deviation found was less than 18 %. 
Based on these results, the proposed methodology is precise.

The results obtained using DA18C6-NF-GC were compared with different 
electrochemical sensors used in the determination of Pb (II). It is noted that 
DA18C6-NF-GC shows a similar response in terms of linearity range and 
detection limit compared to another electrodes (Table 1).

Table 1: Selected published data for the application of different electrodes in the stripping voltammetry of Pb (II).

ElectrodeType Mode LinealRange Detection limit Matrix Ref.

N-p-Chlorophenylcinnamo-
hydroxamic Acid Modified 

Carbon Paste Electrode
DPASV 2x10-8–1x10-6 mmolL-1 1x10-8 mmolL-1 Potable water 39

AgSPE SWASV 5 – 80 µgL-1 0.46 µgL-1 Pond Water, 
Groundwater

40

AuSPE SWASV 0 – 50 µgL-1 0.50 µgL-1 River water 41

NF-DC18C6 ASV 1x10-9 –1x10-7 mmolL-1 5x10-5 mmolL-1 Standard solution 33

DA18C6-NF-GC SWASV 10.0–50.0 µgL-1 0.09 µgL-1 River water This 
work

3.3     Interference

The possible interference of metal ions: Co (II), Ni (II), Fe (II), Zn (II) 
As (II) and Se (IV) were studied in the presence of 30 µg L-1 Pb (II) under 
optimized conditions. The change of signal current of lead was less than 10 
% with the addition of 60 and 300 µg L-1 of these ions. Based on these results, 
these ions were not considered as interference. On the other hand, with the 
addition of 60 µg L-1 Cd (II) and Cu (II) two signal currents of these ions at 
-0.892 and -0.156 V appeared respectively, however, none of these signals 
affected the signal of lead.

3.5     Real Samples

The optimized method was applied for the determination of Pb (II) in 
two water samples taken from two different places of Mapocho river: Farfana 
(33°28’49, 70” S 70°48’41, 00” W) and Melipilla (33°36’19, 40” S y 70°54’37, 
60” W).The presence of lead was detected by ICP-OES and SWASV. The 

samples were fortified with 20 µg L- 1 of Pb (II). The results of ICP-OES 
and SWASV with recovery (%) are present in Table 2. The percent recovery 
obtained is within the accepted range, implying that the methodologies 
developed can be used as an alternative to the spectroscopic analysis.

Table 2. Analysis of real samples using ICP-OES and SWASV.

Sample
(n=6)

Concentration 
ICP-OES
(µg L-1)

Concentration 
SWASV
(µg L-1)

Recovery
(%)

Melipilla 19.8 19.5 (% 5.1) 97.5

La Farfana 19.6 18.8 (% 6.3) 94
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4. CONCLUSIONS

This method was successfully used for the determination of Pb (II) by 
SWASV using NF-DA18C6-GC under optimized parameters: supporting 
electrolyte HCl 10 mmol L-1, a concentration of 3 mmolL-1 of DA18C6 and 
3 wt% of Nafion, using Eacc -0.80 V, tacc 300 s. The proposed methodology is 
precise and accurate with a % RSD less than 21%, with a linear range of 10-50 
µg L-1 with a detection limit of 0.09 µg L-1.
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