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Abstract: This work describes a simple and inexpensive Pb(II) determination by a pencil 
electrode using the square wave anodic stripping voltammetry (SWASV) method. This 
research was applied using a batch cell system on 10 mL of 0.1 M acetate buffer pH 4.5. The 
precision was performed with repeatability and reproducibility in Pb(II) concentrations of 0.2, 
0.4, 0.6, and 0.8 µg mL-1. Two linear ranges were obtained in the concentration of 0.1–1.0 and 
2.0–8.0 µg mL-1. This method offers a detection limit of 0.07 µg mL-1 and a quantification 
limit of 0.24 µg mL-1. The technique performed good repeatability (RSD= 7.28–9.53%) and 
good reproducibility (RSD=7.07–15.10%). The precisions are accepted according to the 
Association of Official Analytical Chemists (AOAC) standard (RSD repeatability <11% and 
RSD reproducibility <16% at a concentration of 1 µg mL-1). The method offered high 
operational stability up to 18 measurements (RSD=4.6%). The technique performs acceptable 
results with low random error in determining Pb(II). 
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Abstrak: Artikel ini memaparkan penentuan Pb(II) yang sederhana dan murah dengan 
elektroda pensil menggunakan metode square wave anodic stripping voltametry (SWASV). 
Pengujian ini dilakukan dengan sistem batch cell pada 10 mL buffer asetat 0,1 M pH 4,5. Uji 
presisi dilakukan dengan uji repeatibilitas dan reprodusibilitas pada konsentrasi Pb(II) 0,2, 0,4, 
0,6, dan 0,8 µg mL-1. Penentuan Pb(II) menghasilkan dua kurva kalibarasi, yaitu pada rentang 
0,1–1,0  dan 2,0–8,0 µg mL-1. Metode ini menawarkan batas deteksi dan batas kuantifikasi 
yang baik secara berturut-turut 0,07 µg mL-1 dan 0,23 µg mL-1. Metode ini menghasilkan 
repeatibilitas yang baik (RSD= 7.28–9.53%) dan reprodusibilitas yang baik (RSD=7,07–
15,10%). Hasil ini diterima sesuai dengan standar AOAC (RSD repeatibilitas <11% dan RSD 
reprodusibilitas <16% pada konsentrasi 1 µg mL-1). Metode ini menawarkan stabilitas 
operasional yang tinggi untuk penentuan simultan hingga 18 pengukuran (RSD=4.6%). 
Kemudian, metode tersebut melakukan hasil yang dapat diterima dengan kesalahan acak yang 
rendah dalam penentuan Pb(II). 
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INTRODUCTION 

Lead is a dangerous heavy metal that 

threatens the human body (Oleko et al., 

2022). Exposure to this metal of more than 

0.015 µg mL-1 will lead to kidney and liver 

problems, cancer, and high blood pressure 

(Teerasarntipan et al., 2020, Abd-

AlGhafar et al., 2022). More hurtful things 

will occur to children because they can 

interfere with the child's physical and 

mental growth (O’Connor et al., 2020). In 

addition, this will impact the decline in 

children's ability to focus and learning 

abilities (USEPA, 2009). 

Through the Food and Drug 

Supervisory Agency (BPOM), the 

government has issued regulation number 

23 of 2007 concerning the maximum limit 

of heavy metal contamination in 

processed food. According to the 

regulation, the maximum limit for lead in 

coffee, tea, grain drinks, and hot cereal is 

2 µg mL-1 (BPOM, 2017). However, this 

amount of lead can be exacerbated by the 

lead entry from outside the drink, such as 

motor vehicle fumes (Kahar et al., 2020, 

O’Shea et al., 2020, Budiman et al., 2021). 

The number of stalls located on the side of 

the main road has the potential to an entry 

for lead pollutants in food and beverages 

(Awad et al., 2018). Leaded gasoline can 

cause lead pollution and undoubtedly 

affect health (BPOM, 2017). Therefore, it 

is necessary to detect lead as early as 

possible to prevent exposure to this heavy 

metal in the human body. 

Several instruments can be used to 

detect these hazardous metals, including 

atomic absorption spectroscopy (AAS) 

(Li et al., 2021b, Jamali et al., 2021), 

inductively coupled plasma with optical 

emission spectroscopy (ICP-OES) 

(Sereshti et al., 2012), and inductively 

coupled plasma by mass spectroscopy 

(ICP-MS) (Nakata et al., 2021, Baalousha 

et al., 2021). The three sophisticated 

instruments can detect and know the 

amount of lead very well. However, these 

instruments are costly and require a 

reliable operator (Rawat et al., 2022). A 

simple way that can be done is by 

colorimetry (Yan et al., 2020, Chen et al., 

2022). However, this method is not 

effective enough to use if the solution 

already has a different color, such as 

coffee. 

An alternative method that can be 

used to determine heavy metals in 

beverages is electrochemistry (Wang et 

al., 2020). This method provides high 

sensitivity, inexpensive, and easy to 
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implement for detecting heavy metals 

(Zamhari et al., 2017). One technique that 

can be used to detect lead in beverages is 

square wave anodic voltammetry 

(Mohammed et al., 2022)). Many 

electrodes can be used in this technique, 

including diamond, gold, mercury 

(mercury), platinum, and glassy carbon 

electrode (GCE) electrodes (Zamhari et 

al., 2017, Sawan et al., 2020). However, 

these electrodes are very expensive. 

Using a pencil as a working electrode 

in this technique allows this method to be 

very affordable and applicable in 

everyday life (Congur and GÜL, 2021). 

Pencils contain graphite in varying 

degrees. Due to the mobility of electrons 

in orbitals, graphite is a good conductor of 

electricity (Li et al., 2021a). Graphite is 

often used as a dry lubricant in locks 

because the layer structure, held together 

only by van der Waals forces, can shift 

quickly (Zhang et al., 2021). Diamonds 

also contain carbon atoms bonded to four 

other carbon atoms, so all electrons are 

used in local bonds (Sundqvist, 2021). 

Therefore, this study aims to determine 

the level of precision and stability test for 

pencil electrodes in determining lead 

levels using pencil electrodes using the 

square wave anodic stripping 

voltammetry (SWASV) method. 

METHOD  
Materials and Apparatus  

The materials to be used in this 

research are Lead (II) nitrate (Pb(NO3)2), 

potassium chloride (KCl), glacial acetic 

acid (CH3COOH), and sodium acetate 

(CH3COONa) from Merck, Germany. 

Potassium ferricyanide (K3[FeCN)6]) 

from Pudak Scientific, Indonesia. 

Distilled water used from CV Progo 

Mulyo, Indonesia. All chemicals used are 

analytical grade. Alumina powder 

measuring 0.1 µm was obtained from 

Kimyong Online Store, Indonesia. The 

equipment used in this study is a 

potentiostat from IO Rodeo, USA. A 

batch system was carried out using three 

electrodes, i.e., a Ag/AgCl reference 

electrode, a Pt wire counter electrode, and 

a pencil electrode with a diameter of 5 mm 

were obtained from the Kimyong Online 

Store, Indonesia. 

Electrode Preparation and 
Characterization 

A 5.0 mm pencil electrode was 

prepared and polished using 0.1 µm 

alumina slurries, rinsed by distilled water, 

and electrochemically cleaned by 

amperometry in 0.1 M HNO3 by applying 

0.5 V for 6 minutes. The prepared 

electrode was electrochemically 

characterized in 1 mM K3[Fe(CN)6)] in 
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0.10 M KCl by applying cyclic 

voltammetry in the range of -0.7 to 0.7 V, 

sample rate of 100 Hz and scan rate of 0.5 

V/s.  

Procedure and Analytical Performance  

Pb(II) determination was performed 

by square wave anodic stripping 

voltammetry (SWASV) in a batch system 

containing 10 mL of 0.1 M acetate buffer 

pH 4.5. The test was conducted by 

immersing three electrodes into a batch 

system. In the measuring process, 

accumulation potential (Ea) of -1.4 V was 

applied for 180 s under stirring. This 

process was stopped for 10 s for 

equilibrium. The SWASV was recorded at 

-1.4 to 0.3 V. Prior to sequence 

determination, the electrode was cleaned 

by performing 0.3 V for 60 s.  

Validation Parameters tested were 

determination of linearity (linear range), 

repeatability, reproducibility, stability and 

determination of limit of detection (LOD) 

and quantification (LOQ). 

a. Linearity  

To quantitatively determine Pb(II), it 

is necessary to investigate the linear range 

of Pb(II) concentration. The linearity 

between the analyte and the signal is 

determined by the correlation coefficient 

(r). A positive correlation coefficient 

indicates a positive relationship and vice 

versa. The linear range is the interval 

between the lowest lead (II) concentration 

to the highest concentration. 

b. Limit of Detection (LOD) and Limit 

of Quantification (LOQ) 

The detection limit is the lowest 

concentration of the sample that can be 

detected but cannot be accurately 

measured. While LOQ is the lowest 

concentration that can be measured 

accurately. The method of determining 

LOD and LOQ in this study will use the 

following formula, 

𝐿𝑂𝐷 = %&'
(

           𝐿𝑂𝑄 = *+&'
(

 

with SD as deviation standard of intercept 

and m as the slope of linear range. 

c. Repeatability and reproducibility  

This step was done by testing Pb(II) in 

the concentration of 0.2, 0.4, 0.6, and 0.8 

µg mL-1. Repeatability was applied by 

testing in six repetitions. The 

reproducibility of this research was 

conducted by comparing the sensitivity of 

six electrodes prepared on different days. 

The RSD obtained was compared to the 

Association of Official Analytical 

Chemists (AOAC) standard. 

d. Operational Stability  

Operational stability performance was 

conducted by adding 0.4 µg mL-1 of Pb(II) 

into the system and repeatedly running the 
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SWASV. The response of first cycle was 

set of 100% response. The operational 

stability was determined by the number of 

cycles before the sensitivity change more 

than 10%. 

RESULTS AND DISCUSSION 

Electrode Preparation and 
Characterization  

The pencil working electrode used in 

this study contains graphite. The most 

abundant carbon compounds are organic 

materials commonly found in coal, 

petroleum, natural gas, and living plants 

and animals (Abdel-Shafy and Mansour, 

2016). The amount of carbon found as 

graphite and diamond is relatively small 

compared to organic compounds, but 

carbon is an important material 

(Bewilogua and Hofmann, 2014). The 

SPU clearly shows an increasing trend of 

metallic character in one group. Carbon is 

a nonmetal. Silicon and germanium are 

metalloids, while tin and lead are elements 

with a metallic nature. Graphite is often 

used as a dry lubricant in locks because the 

layer structure, held together only by van 

der Waals forces, can shift easily (Németh 

et al., 2020). 

Prior to use, the working electrode 

was polished in the 0.1 µm alumina 

slurries repeatedly with the number 8 

pattern until it provided a homogeneous 

surface. The process was executed to have 

the best possible precision in the next 

stage. Each process carried out was 

continued by rinsing the electrodes using 

distilled water.  

Furthermore, the pencil electrode was 

immersed in 0.1 M HNO3 for 5 minutes. It 

helped release the impurities on the 

surface of the electrode and dissolved 

them into the acid solution. This step is 

essential to perform zero interference 

when conducting the Pb(II) determination. 

Then, the electrode was electrochemically 

cleaned using the amperometric method. 

The parameter used in this step is to apply 

a potential of 0.5 V for 6 minutes. The flat 

results obtained indicate no peak produced 

after the cleaning process (Figure 1). It 

stated the absence of impurities on the 

electrode surface. The electrodes received 

had shown promising results, and this 

preparation was carried out before Pb(II) 

determination. The entire electrode 

preparation was ended by rinsing distilled 

water on the electrodes to ensure that no 

impurities were left behind. 

Electrode characterization was carried 

out to ensure that the electrodes could give 

a good signal. This step was performed 

with a batch system using a rodeo IO 

potentiostat. A three-electrode system 

consisting of graphite as a working 

electrode, Ag/AgCl as a reference 
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electrode and platinum as a counter 

electrode. This step was carried out in a 

solution of 1 mM mM K3[Fe(CN)6)] in 

0.10 M KCl using the cyclic voltammetry 

method with a voltage range of -0.7 V to 

0.7 V with a sample rate of 100 Hz and a 

scan rate of 0.5 V. /s. 

  

 

Figure 1. Amperogram cleaning of the pencil working electrode in 0.1 M HNO3 solution using the 

amperometry method by applying 0.5 V for 6 minutes 

 

The cyclic voltammogram in Figure 2 

shows the anode and cathode peaks. The 

high and wide peaks of Fe(CN)63-/4- at the 

anode and cathode peaks confirmed that 

the pencil electrode performed excellent 

performance. The electrode that had been 

prepared provided good conductivity and 

was ready to be used.

 

Figure 2. Cyclic Voltammogram of pencil electrodes in a solution of 1 mM K3[Fe(CN)6)] in 0.10 M KCl by 
cyclic voltammetry method with a voltage range of -0.7 to 0.7 V with a sample rate of 100 Hz and a scan rate of 

0.5 V /s using pencil electrode
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Analytical Performance  

a. Linear Range, Limit of Detection 
(LOD), and Limit of Quantification 
(LOQ) 

A linear range or calibration curve is 

tested to determine the range of Pb(II) 

concentration that can be tested by the 

developed method. This linear range was 

carried out with Pb(II) concentration of 

0.00 ppb to 1000 ppb. Figure 3a shows the 

voltammogram of the Pb(II) test using 0.1 

M acetate buffer with a pH of 4.5. The 

method used was Square Wave Anodic 

Stripping Voltammetry with a sample rate 

of 25 Hz, accumulation potential (Ea) -1.4 

V for 180 seconds, and voltammetry 

ranges from -1.4 V to 0.3 V. The 

voltammogram shows a peak of Pb(II) at -

0.49 V. This indicates that Pb(II) is 

released from the electrode surface and 

returns to the solution at a potential of -

0.49 V. Figure 3b shows that the 

developed method has two linear ranges in 

the range of 0.1–1.0 µg mL-1 (r = 0.993) 

and 2.0–8.0 µg mL-1 (r = 0.991). The limit 

of detection (LOD) and limit of 

quantification (LOQ) of Pb(II) were 0.07 

ppb and 0.24 µg mL-1, respectively. The 

LOD value covers the maximum Pb(II) 

level in the drinking water, 2.0 µg mL-1. 

b. Repeatability and Reproducibility  

The precision test was carried out 

using repeatability and reproducibility. 

The repeatability investigation was 

carried out by testing Pb(II) in the solution 

six times in a concentration range of 0.2–

0.8 µg mL-1. The results of repeatability 

performed the RSD are in the range of 

7.28–9.53%  which are still below the 

11% set by the AOAC in that 

concentration range (AOAC, 2012)  

(Figure 4).  

The reproducibility was investigated 

for the Pb(II) test by using six electrodes 

on different days. The test was carried out 

in the concentration of 0.2–0.8 µg mL-1 

Pb(II). The result shows good 

reproducibility with the RSD in the range 

of 7.07 to 15.10% which are still below the 

16% set by AOAC (Figure 5). Those 

revealed that the repetitions to detect 

Pb(II) have good precision. 

c. Operational Stability  

This study was conducted to 

determine the performance of the 

developed method by repeatedly testing 

the analyte. The stability test was carried 

out at Pb(II) concentration of 0.4 µg mL-1. 

This investigation showed that the 5 mm 

pencil electrode could be used 

simultaneously for 18 times Pb(II) testing 

(Figure 6). The 19th test resulted in a 10% 

change in response. The average 

percentage obtained was 102.2±4.7% with 

the RSD of 4.6%. It revealed the method 
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performs acceptable results with low 

random error in determining Pb(II). 

 

 

Figure 3. (a) voltammogram and  (b) calibration curve of Pb(II) determination in 10 mL of 0.1 M acetate buffer 
pH 4.5 with a concentration range of 0 – 10.0 µg mL-1

 

 

Figure 4. Repeatability study on Pb(II) using pencil electrodes in a concentration range of 0.2–0.8 µg mL-1 



Electrochemical Detection of Pb(II) Using a Pencil... 158 
   

e-ISSN 2502-4787 
 

 

 

Figure 5. Reproducibility study on Pb(II) using pencil electrodes in a concentration range of 0.2–0.8 µg mL-1 

 

 

Figure 6. Stability investigation of 5 mm pencil electrode to detect Pb(II) at a concentration of 0.4 µg mL-1 

 

CONCLUSION 

The Pb(II) determination study using 

a pencil electrode with the square wave 

anodic voltammetry method showed 

promising results. The working electrode 

used in this study was a pencil with a 

diameter of 5 mm. The validation results 

show that this method has two linear 

ranges, good repeatability and 

reproducibility which accepted by AOAC. 

The working electrode can also be used 

simultaneously up to 18 times. This 

research shows  the good performance of 

an inexpensive electrode and method in 

Pb(II) detection.
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