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  Abstract : A voltammetric assay of phenol ions was investigated using three electrode 

systems of graphite pencil working, reference and counter electrodes. Under optimum 

analytical parameters, square wave stripping working ranges were attained at a mili range of 

10~80 mg/L and a micro range of 20~90 ug/L using seawater electrolyte. The developed 

sensor was applied to tap water and the human body system of a smoker. It was found that 

the methods can be applied to in vivo fluid or medicinal diagnosis.
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1. INTRODUCTION

  Phenol is a pollutant that is widely found 

in water and in the atmosphere as well as in 

chemical productions. This compound is an 

object of interest in many applications 

including environmental, clinical 

neurochemistry[1,2] and food processes[3].  

Considering biologically active molecules[4] 

and their toxicity and persistency, many 

methods for spectrophotometry and separation 

techniques have been developed. These 

include gas chromatographic mass 

spectrometry[5], piezoelectric crystal sensor[6], 

capillary electro-chromatography[7], coupled 

column HPLC with fluorimetric detection[8], 

electro catalytic oxidation[9], FTIR studies 

[10], SPME GC MS analysis[11], GC MS[12] 
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and LC FD. However, these are not useful 

for nano range and in vivo detection. 

Recently, simple and sensitive voltammetric 

methods have also been developed, such as 

glassy carbon disk electrode[13], zeolite 

graphite composite electrodes[14], gas 

diffusion electrode[15], boron-doped diamond 

electrode[16,17], sodium montmorillonite 

anthraquinone chemically modified glassy 

carbon electrode[18], oxidized multiwalled 

carbon nanotubes[19] and mixed binder 

carbon paste electrode[20]. Some electrodes 

are expensive and require difficult 

modification. Moreover, all the electrochemical 

methods are used with expensive Ag/AgCl 

reference and counter platinum wire type 

electrodes, respectively. In this study, low 

cost graphite electrodes(GE) were used as 

working, reference and counter electrodes, 

which successfully attained low detection 

ranges. Also, the acid and base electrolyte is 
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expensive for electrochemical reagent 

solutions and can contaminate the water 

systems. In this paper, sea water was used 

as the electrolyte solution. Seawater is 

inexpensive and is widely available for 

environmental considerations.

2. EXPERIMENTAL PROCEDURE

2.1. Systems, Reagents, Electrode 

Preparation

  Electrochemical instruments were used with 

the new Bioelectronics-1 system, which was 

first constructed at the authors' institute. The 

new version is a computerized handheld 

voltammetric system with a 2.4 V potential 

range, a 2 mA current range, a 10 pico A 

measuring current, and uses a rechargeable 

battery or external power and has a USB 

port interface with a computer. The 

instrument's size is similar to that of a 

typical cellular phone and can be used for 

the bio assay and sensor techniques for 

individual and laboratory applications. The 

graphite (DongA XQ ceramic 60mm 0.9B) GE 

was used as the working electrode, reference 

electrode and auxiliary electrode. All chemical 

reagents used were of standard grade, and 

the electrolyte solution was used with deep 

sea water.    

 

3. RESULTS AND DISCUSSION 

  First, sea water is used as the electrolyte 

blank solution. Three graphites were used as 

the working, reference and counter electrodes. 

With the sea water electrolyte, no peak and 

linear curves were obtained. Thus, the 

voltammetric peak potential was determined 

using the CV(cyclic voltammetry) variation 

by anodic and cathodic scans with a conc 

phenol ion. Figure 1 (A) shows the CV effect 

using GE and variation from 0 to 50 mg/L 

additional. Peak current appeared at 0.5 V.  

(A)

 (B)

Fig. 1. (A) CV for phenol variations from 

0-50 mg/L using PE, -2.0~2.0 V 

potential range, 0.5 mV/s scan rate.  

(B): SW for phenol varied in range 

from 0-80 mg/L using graphite 

three-electrode cell under optimum 

parameters.

The current obtained 2.141, 3.200, 1.229, 1.929 

and 1.279x10
-5A under oxidation scan and did 

not appear in the reduction scan. Here, the 

anodic SW(square wave voltammetry) was 

performed with the same direction. 

Figure.1(B) shows the SWeffects using GE 

variation of 0-80mg/L additional, under 30sec 

accumulationtimes. The peak current 

increased from 8.331 to 12.410x10-7A. The 

peak height was sensitive and -0.1V peak 

potential was obtained linearly. Both 

equations were of y=2.4906x-0.143, and the 

precision was R²=0.9945. At y=7672x+6.1159, 
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the precision was R²=0.9826. Both curves can 

be applied to the analytical application. 

3.1. SW Optimizations of FPE 

  Figure 2(A) shows the peak current in the 

10 mg/L phenol concentration as a function 

of the varying square wave amplitude for the 

ranges of 0.005~0.04V. In this study, two 

peaks appeared. When 0.005, 0.01, 0.015, 0.02, 

0.025, 0.03, 0.035 and 0.04V amp were given, 

one peak current obtained 1.864, 3.770, 5.839, 

7.861, 9.791, 10.960, 13.530 and 13.900x10-6A.  

The other peak current obtained 1.353, 3.419, 

5.814, 8.211, 10.63, 12.9, 16.12 and 

18.39x10
-6A. The peak current went up as 

the higher amplitude was given. When 0.04V 

amp was given, the maximum current was 

obtained. Therefore, 0.04Vamp was chosen as 

an optimum condition. Under the seconditions, 

Figure 2(B) shows the peak current in 

10mg/L phenol concentration as a function of 

the square wave frequency for 8 points. 15, 

20, 25, 30, 35, 40, 45 and 50Hz were given. 

One peak current obtained 1.524, 1.712, 1.667, 

1.636, 1.605, 1.582, 1.505, 1.549x10-5A and the 

other peak current obtained 1.865, 2.003, 

2.336, 2.628, 2.692, 2.554, 2.541, 2.604x10
-5A. 

The peak current increased from 15V to 35V 

amp. However, it started to drop from 40V 

amp. The maximum current was obtained at 

35Hz. It was chosen as an optimum 

condition. Under the separameters, Figure 

2(C) illustrates the accumulation time effects 

of 30~240s variations. When 30, 60, 90, 120, 

150, 180, 210 and 240s were given, peak 

current obtained 2.167, 2.410, 2.712, 2.927, 

3.119, 3.289, 3.458 and 3.652x10-5A. The other 

obtained 3.164, 3.473, 3.816, 3.996, 4.042, 4.049, 

4.03 and 4.086x10
-5A. The peak current 

increased slightly as more time was given. 

Therefore, 240s was chosen as an optimum 

condition. Under these conditions, analytical 

working ranges were examined.  

 

 (A)

 (B)

 (C)

Fig. 2. (A) Variations in the SW amplitude 

range for 0.005, 0.01, 0.015, 0.02, 

0.025, 0.03, 0.035 and 0.04 V. (B) SW 

frequency variations of 15, 20, 25, 30, 

35, 40, 45 and 50 Hz for the 10 

mg/L phenol ion add. (C) SW 

accumulation time range for 30, 60, 

90, 120, 150, 180, 210 and 240 s. 

Using sea water electrolyte.
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3.2. Analytical Working Range and 

Statistics

  Under optimum SW conditions, various 

working ranges were examined using anodic 

stripping. The final results were obtained in 

milligrams and microgram ranges. Figure 

3(A) shows the SW result in the micro 

variation from 10 to 80 ug/L. When 20, 30, 

40, 50, 60, 70, 80 and 90 ug/L was spiked, 

the peak current obtained 2.542, 3.089, 3.237, 

3.872, 4.107, 5.076, 5.038 and 5.697x10-5A. The 

more phenol was spiked, the deeper the curve 

was. Figure3(B) shows the linear equation of 

the SWresult. The curve increased linearly. 

The equation of the SW statistic was 

y=0.447x+2.068 and the precision was 

R²=0.974. This result means that GE is 

highly sensitive in detecting phenol despite 

the low concentration.  These ranges can be 

applicable to in vivo or vitro assay. 

  After achieving the optimum condition, the 

analytical application was performed on the 

nails of a smoker and a nonsmoker. 0.026g 

nail was dissolved in conc 5 ml nitric acid. 

Subsequently, it was diluted with distilled 

water.  Figure 4(A) shows the SW result of 

the linear equation. The black circle 

represents the smoker's nail. The linear 

equation was y=58.16x+20.064 and the 

precision was R²=0.9836. The white circle 

represents the SW result of the nonsmoker's 

nail. The linear equation was 

y=52.202x-0.4042 and the precision was 

R²=0.8585. The black smoker was more 

concentrated compared to that of the 

nonsmoker. This indicates that phenol is 

detected in the smoker's cell. Figure 4(B) 

shows the SW voltammograms of the 

smoker's nail. When 0.1 mg/L of the sample 

solution was added, a peak current of 

5.78x1.0-6A was obtained. When 0.2, 0.3, 0.4 

and 0.5mg/L standard was spiked, it obtained 

10.99, 5.81, 18.68 and 23.63x10-6A peak 

current. It can be applicable to ex vivo 

detection. More advanced application was 

performed in pond water. Figure4(C) shows 

the SWstandard addition methods. In the 

blank solution, no peak was obtained, then 

water sample of 1ug/L was added and the 

peak current of 1.143x10-6A was obtained. 

Under this condition, the standard was added, 

obtaining 7.767, 11.45 and 13.79x10-6A. The 

peak current increased linearly. This result 

shows that phenol exists in this water and 

can be used in low cost in vivo diagnosis. 

(A)

 (B)

Fig. 3. (A) Analytical working ranges of 0, 

20, 30, 40, 50, 60, 70 and 80 ug/L 

phenol ion added using PE. (B): The 

linear curve of the SW results in low 

concentration with optimum 

parameters. 
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 (A)

 (B)

 (C)

Fig. 4. (A): Application to smoker's and 

nonsmoker's nail comparison with 

SW. (B): The smoker’s SW 

voltammograms. (C) Application to 

tap water.  

4. CONCLUSION

  Results of the experiment under the 

optimum condition are as follows: 0.005 V 

increment, 0.04 V amplitude, 35 Hz frequency, 

-1.9 V initial potential, 1.6 V final potential 

and 240s accumulation time. These conditions 

were applied in the detection of low 

concentration and smoker's nail and pond 

water. Despite the use of inexpensive and 

renewable PE as the working, reference and 

auxiliary electrodes, the setup was found to 

detect micro and nano ranges. It also used 

seawater instead of acid and base electrolyte 

for environmental considerations. 
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