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Abstract 

The first report of green-electrode sensor in flow 

automated system was successful to determine Cd2+ 

and Pb2+.  The electrochemical methods including 

cyclic voltammetry (CV) and square wave anodic 

stripping voltammetry (SWASV) were employed to 

study the electrochemical behavior at graphene–

modified carbon paste electrode. Furthermore, in-situ 

bismuth film deposited on graphene–modified carbon 

paste electrode was used to prevent the effect of 

oxygen in the solution. The bismuth-graphene carbon 

paste electrode (Bi-GCPE) exhibited the excellent 

electrooxidation of Cd2+ and Pb2+ in automated flow 

system. The peak current of Cd2+ and Pb2+ 

significantly increased when compared with those at 

unmodified with graphene. The detection limit 

(LOD) of 0.07 and 0.04 µg L-1 were obtained for 

Cd2+ and Pb2+, respectively. The oxidation peak 

current of Cd2+ and Pb2+ showed a linear relation in 

the range from 0.10 to 50.0 µg L-1 under the optimum 

condition. The Bi-GCPE electrode was applied for 

the determination of Cd2+ and Pb2+ in tap water 

sample 
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1. Introduction 

Graphene is a two-dimensional (2D) 

material that is composed of a planar monolayer of 

sp2 carbon atoms bonding in a hexagonal 

configuration [1]. It exhibits good electrical 

conductivity and optical properties, is lightweight, 

and has a large specific surface area and chemical 

stability. It is very attractive for many applications 

[2,3]. It can be used as an alternative choice for 

electrical sensors, especially for electrochemical-

sensing devices. 

 

2. Experimental 

2.1 Instrumentation 

 The simple electrochemical measurements 

were performed using a PalmSens potentiostat 

(PalmSens BV, The Netherland). A SIA system 

(MGC auto-Pret MP-014s, MGC, Japan) consisting 

of an eight-port selection valve, a 2.5 mL syringe 

pump and 3.0 mL holding coil was used. This system 

was computer-controlled by the MGC LMPro 

program ver. 2.5.  

 

2.2 Chemicals and Reagents 

 All chemicals and reagents were of 

analytical reagent grade. Ultrapure water was used to 

prepare all solutions and was purified by the Milli-Q 

unit (Millipore, Bedford, USA). Graphene was 

obtained from SkySpring Nanomaterials (USA).  

 

2.3 Graphene dispersion 

Commercial graphene nanopowder was used 

for the preparation of the graphene carbon paste 

electrode (GCPE). A well-dispersed graphene 

suspension was prepared by ultrasonic dispersing 100 

µg graphene in 1 mL of 15% (v/v) isopropanol for 60 

minutes. The well-dispersed graphene suspension 

was dried by evaporation of solvent in a vacuum 

oven at 60 °C for 30 minutes.  

 

2.4 Preparation of the GCPEs and CPEs  

The GCPEs were prepared by mixing the 

graphite powder with various amounts of graphene 

powder and blending this mixture with mineral oil 
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(60:40% (w/w)) in an agate mortar to form a 

homogeneous paste [37,38]. This paste was then 

filled into the electrode-holder, and a copper wire 

was inserted into the opposite end for the electrical 

connector.  

  

2.5 Sample preparation 

 Water samples for analysis were prepared by 

the dilution of 1.00 mL tap water with 4.00 mL of 

supporting electrolyte. The pH was then adjusted 

with NaOH and HCl close to pH of the supporting 

electrolyte before being diluted with the supporting 

electrolyte to a final volume of 25 mL.  

 

3. Results and Discussion 

 3.1 Electrochemical characteristics of the electrode 

 The comparison between the 

voltammograms of the electrolyte solution containing 

10 µg L-1 of Cd2+ and Pb2+ that were obtained with 

the Bi-GCPE, GCPE, Bi-CPE and CPE under the 

optimized conditions is shown in Fig. 1.  The anodic 

peak currents of both metal ions exhibited well-

defined peaks, with the highest peak current being 

observed with the Bi-GCPE, followed by that from 

the Bi-CPE and then GCPE and CPE. These data 

illustrate the importance of the Bi film and also 

suggest that the high conductivity, surface area and 

the electron transfer rate between the analyte 

molecule and the electrode surface of graphene could 

enhance the sensitivity. Thus, for the determination of 

Cd2+ and Pb2+ by an automated flow system, the Bi-

GCPE appears to be more sensitive than the other 

types of carbon electrodes that have previously been 

applied in flow systems.  

 

 
Fig. 1. voltammograms of 10 µg L-1 solutions of Cd2+ 

and Pb2+ that were obtained from (a) CPE, (b) GCPE, 

(c) Bi-CPE, and (d) Bi-GCPE. 

 

3.2 Analytical characteristics 

Under the optimized Bi-GCPE composition 

and electrochemical analytical conditions, the 

calibration data of the Cd2+ and Pb2+ anodic peak 

current that were obtained at different metal ion 

concentrations (0.1 to 100 µg L-1 for both metal ions) 

was collected (Fig. 2). From the results, the stripping 

peak currents were found to be proportional to the 

concentration of Cd2+ and Pb2+ within the range of 

0.1 to 50.0 µg L-1, with good linear regression 

correlation coefficients (r2) of > 0.995. The LOD, 

evaluated as the concentration that gave a response 

equivalent to three times the SD of the blank (n = 10), 

the limit of quantification (LOQ), evaluated as the 

concentration that gives a response equivalent to ten 

times the SD of the blank, and the precision of the 

procedure, expressed by the relative standard 

deviation for three measurements of each metal ion.  

We conclude that the Bi-GCPE under these 

optimized automated flow conditions gives a 

satisfactorily high sensitivity, an acceptable level of 

precision and a rapid analysis. 

 

 
 

Fig. 2. voltammograms of Cd2+ and Pb2+ at different 

concentrations measured by SWASV with Bi-GCPE 

under the optimized conditions and (inset) the 

calibration plot between the anodic current peak 

height and the heavy metal ion concentration.  

 

3.3 The application to real sample: Tap water sample 

 To evaluate the application of this Bi-GCPE, 

it was applied under these optimized conditions for 

the determination of Cd2+ and Pb2+ levels. The 

concentrations of Cd2+ and Pb2+ in the tap water 

sample were evaluated by the calibration method 

without pretreatment or filtration. No signal peak 

current of Cd2+ and Pb2+ was obtained in the unspiked 
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tap water sample. The average concentrations of Cd2+ 

and Pb2+ in the spiked tap water samples were found 

to be slightly lower than the spiked amount, with a 

79-86% and 87-92% recovery when spiked at 7.0 and 

20.0 µg L-1, respectively However, the standard 

deviations were relatively small, which suggested a 

reasonable level of reproducibility.  

 

 

4. Conclusions 

Graphene combined with Bi was 

successfully used for the automated simultaneous to 

determine trace levels of the heavy metal Cd2+ and 

Pb2+ ions by SWASV in a SIA system. This is the 

first report explained  the application of a Bi-GCPE 

to SIA for the SWASV measurement of trace levels 

of Cd2+ and Pb2+ in real  samples.  
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