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Introduction
Phenol and related compounds are widely used in industry 

for the manufacture of a wide variety of aromatic compounds, 
including rubber, fertilizers, paints, drug preparations, petroleum 
and agricultural industries [1,2]. Phenol is considered carcinogenic 
and exposure to phenol causes several symptoms such as 
convulsions, dizziness and irregular breathing [1,3]. Phenol is 
one of 129 compound chemicals considered important pollutants 
listed by the Environmental Protection Agency (EPA) [4,5]. Due to 
severe legislation, prohibit the release of toxic products into the 
environment. Current research has focused on the development 
of a simple, cost-effective, fast and reliable technology that 
can be used for the immediate detection of heavy metals and 
toxic products in the environment. In this context, a technology 
seems to fully correspond to the requirements necessary for 
sustainable development and the preservation of the ecosystem: 
“bio electrochemistry”. This discipline can be defined as a science 
involving the principles of electrochemistry associated with 
the field of living. Here we will focus on the electrochemistry / 
bacteria coupling. Indeed, the conversion of the catalytic activity 
of a bacterium into an electric current has paved the way for the 
development of various and varied bioelectrodes. Their fields 
of application are currently numerous and particularly in fields 
such as energy (biopiles) and analytical applications (bacterial 
biosensors) [6,7].

With regard to electro-analytical techniques, procedures 
involving the oxidation of phenol on solid electrodes [8,9] have been 
reported. In addition, chemically modified carbon paste electrodes 
have proved very useful for analytical applications [10]. In previous 
work [11,12], the electrochemical oxidation of phenol has been 
studied. We present a simple and sensitive method of determining 
these compounds based on their reaction. The purpose of the 
work presented here was to study the electrochemical properties 
of phenol on the bacterial-polymer-clay modified carbon paste 
electrode as well as the electrochemical characterization of 
electrodes by the cyclic voltammetric technique, Square Wave 
Voltammetry and Impedance Spectroscopie. 

Experimental

Apparatus and Software

Voltammetric experiments were performed using a voltalab 
potentiostat (model PGSTAT 100, Eco Chemie B.V., Utrecht, The 
Netherlands) driven by the general-purpose electrochemical 
systems data processing software (voltalab master 4 software) 
run under windows 2007. The three-electrode system consisted 
of a chemically modified carbon paste electrode as the working 
electrode a saturated calomel electrode (SCE) serving as reference 
electrode, and platinum as an auxiliary electrode.
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Abstract
A Cyclic voltammetry (VC), Square Wave Voltammetry and Impedance Spectroscopie methods for the determination of trace amounts of phenol 

at bacteria-polymer-Clay-CPE bioelectrode is proposed. The results showed that the bacteria-polymer-Clay-CPE exhibited excellent electro catalytic 
activity to phenol. This electrochemical biosensor shows an excellent performance for detecting phenol.
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Electrodes

Modified electrodes were prepared by mixing a carbon powder 
and the desired weight of clay. The body of the working electrode 
for voltammetric experiments was a PTFE cylinder that was tightly 

packed with carbon paste. The geometric area of this electrode was 
0.1256cm2. Electrical contact was made at the back by means of a 
bare carbon.

Procedure for Immobilization of Bacteria in a Polymer Film

Figure 1: Procedure for Immobilization of Bacteria in a Polymer Film.

The modified electrodes were immersed in a cell 100 ml of the 
0.1 M electrolyte of NaCl contains 1 ml of ε-caprolactone monomer, 
the electro polymerization is carried out by cyclic voltammetry. 
Then the modified electrodes were immersed in a cell 20 ml of 

distilled water, 0.1M NaCl and the bacterial suspensions and then 
characterized as a function of time by linear cyclic voltammetry and 
by electrochemical impedance spectroscopy (Figure 1).

Results and Discussion
Surface characteristics

Figure 2: Scanning Electron Micrograph of Clay Paste Electrode.

Figure 3: Chemical Composition Treated Clay.
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The morphology of the electrode surface of Clay was observed 
by scanning electron microscopy (Figure 2). We find that the 
matrix is formed by compact particles fractions between 1 and 15 
μm. Clay treaty has the following chemical composition given by 
transmission electron microscopy (TEM): O (22%), Mg (5.4%), Al 
(22.4%), K (2.7%), Ca (1%), Ti (1.8%) Fe (17.1%), Si (27.8%) and 
more metals order ppm (Figure 3). An examination of clay modified 
carbon paste electrode indicates some kind of agglomeration [13].

Electrodeposition of Polymer and Bacteria

Figure 4: Cyclic Voltammograms Obtained by Clay-CPE (A) And 
Polymer-Clay-CPE (B) In 0.1M NaCl (Ph = 7) With A Scanning Speed 
Of 100 mv / S.

Figure 5: Cyclic Voltammograms Obtained by Clay-CPE (A) And 
Polymer-Clay-CPE (B) In 0.1M NaCl (Ph = 7) With A Scanning Speed 
of 100 mv / S.

Figure 4 represents the cyclic voltammograms corresponding 
to the polymerization of ε-caprolactone on the CPE-Ar electrode, 
recorded with a scanning speed equal to 80 mV / S in the NaCl 
solution (0.1 mol / l) containing 1 ml. - caprolactone in a range of 
potential between -2 V and 2 V. It can be seen that the presence 
of two anodic peaks at about -0.35 V and 0.46 V. These peaks are 

attributed to the oxidation of the monomer (ε-caprolactone). 
The decrease in the intensity of the currents during the sweeps 
accounts for the growth of the film deposited on the surface of the 
electrode with the number of cycles, the densities current of the 
voltammograms tend to 0 indicating that the developed polymer 
has an insulating character [14,15] (Figure 5,6).

Figure 6: The Proposed Mechanism of Polymerization is as Follows.

Elaboration and characterization of bio- electrodes

Figure 7: Cyclic Voltammograms Obtained by Polymer-Clay-CPE (A) 
And Bacteria-Polymer-Clay-CPE (B) In 0.1M NaCl (Ph = 7) With A 
Scanning Speed Of 100 mv / S.

Figure 8: Voltammograms Of SQW Obtained by polymer-Clay- CPE 
(A) And Bacteria-Polymer-Clay-CPE-ar-Polymer-Bacteria (B) In 0.1M 
NaCl (Ph = 7) With A Scanning Speed Of 100

The Figures 7 & 8 represent the cyclic voltammograms recorded 
respectively for the polymer-Clay - CPE and bacteria-polymer-Clay 
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–CPE electrodes, in 0.1M NaCl medium at 100 mV / s. We find that 
the presence of bacteria in the mineral matrix leads to a relative 
increase in the current densities of the voltammogram in both 
anodic and cathodic scanning directions [16]. This effect appears 
clearly in square wave voltammetry. We find that the presence of 
bacteria in the mineral matrix leads to a relative increase in the 
current densities of the voltammogram in both anodic and cathodic 
scanning directions [16]. This effect appears clearly in square wave 
voltammetry.

Activity of the Bacteria-Polymer- CPE Electrode with 
respect to the Oxidation of Phenol

The oxidation of phenol on the bacteria-polymer-Clay-CPE 
electrode was studied by cyclic voltammetry (Figure 9). As we 
can see the recorded voltammogram, in electrolytic medium in 
the presence and absence of phenol. No peak is observed on the 
voltammogram in the absence of phenol, however, in the presence of 
phenol, there is the appearance of two anodic peaks corresponding 
to the oxidation of phenol, respectively at 0.5 V and 1.5 V.

Figure 9: Cyclic Voltammograms Obtained by Bacteria-Polymer-Clay- 
CPE in the Absence (a) and in the Presence (b) of 4 mM Phenol in 0.1 
M NaCl (pH = 7) with a Scanning Speed of 100 mV / S.

Effect of Scanning Rate

Figure 10: Voltammograms Recorded by Bacteria-Polymer-Clay -CPE 
with 8 mM Phenol in 0.1 M NaCl (pH=7) at Different Scan Rates from 
40 to 120 mV.s-1

The effect of the scanning rate on the intensities of the phenol 
oxidation peaks was studied by cyclic voltammetry, in 0.1M NaCl 
(pH=7), containing 8 mM phenol, at scanning speeds included 
between 40 and 120 mV.s-1 (Figure 10). The current densities vary 
linearly with the scanning speed (Figure 11), which shows that the 
system is in a diffusion mode.

Figure 11: Effect of Sweep Rate on Phenol Oxidation Peaks

Influence of Phenol Concentration

Figure 12: Cyclic Voltammograms at Different Concentrations of 
Phenol (from 2 mM to 10 mM) in 0.1 M NaCl (pH = 7) on Bacteria-
Polymer-Clay-CPE, V = 100 mV.S-1

Figure 13: Voltammograms of SQW at Different Concentrations of 
Phenol (from 2 mM to 10 mM) in 0.1 M NaCl (pH = 7) on Bacteria-
Polymer-Clay-CPE, V = 100 mV/S.
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The variation of anodic peak intensity as a function of phenol 
concentration was followed by cyclic voltammetry (Figure 12), 
square wave voltammetry (Figure 13), and impedance spectroscopy. 
We find that peak current densities increase with concentration, 
suggesting that the modified matrix has a large number of active 
sites. This result is confirmed by the impedance measurement, 
which shows a decrease in the electron transfer resistance [16].

Evaluation of the Activity of the Bacteria-Polymer-
Clay-CPE Modified Electrode for Phenol Detection

Calibration Curves

Calibration curves were plotted from the square wave 
voltammetry at the surface of the polymer-Clay-CPE and bacteria-
polymer-Clay-CPE electrodes (Figure 14). These experiments are 
carried out in the concentration range which varies between 4 
and 12 mmol l-1. Table 1 groups together the correlation equations 
and the detection and quantification limits calculated for the two 

polymer-Clay -CPE and bacteria-polymer-CPE electrodes. We 
find that the presence of bacteria improves the sensitivity of the 
electrodes.

Figure 14: Effect of Concentration on the Intensity of the Phenol 
Oxidation Peaks for Bacteria-Polymer –Clay-CPE.

Table 1: The correlation equations and the limits of detections and quantifications calculated for the two electrodes polymer-Clay-CPE and bacteria-
polymer-Clay-CPE in the presence of phenol.

Electrode Equation R2 D.L (mol. L-1) Q.L (mol. L-1)

Polymer-Clay-CPE+ Phenol di = 0,260x + 1,431 R² =0,853 2.041.10-5 3.205.10-4 

Bacteria-polymer-CPE+phenol di = 0,228x + 2,963 R² =0,882 0.952.10-6 1.863.10-5 

The Activity of the Immobilized Bacteria

The activity of bacteria immobilized on the polymer-Clay-CPE 
electrode surface calculated for the oxidation of phenol is:

 
1 100Ibact

I
α  = − × 

 

α =(1-(4.25/2.62))x100

= 62.21%

Conclusion 
In this work, we have developed an electrode, bacteria-

polymer-CPE. This electrode has shown acceptable activity for the 
electrochemical oxidation of phenol. The presence of the polymer 
on the surface of the organic matrices causes an increase in the 
porosity of the electrode surfaces, which facilitates the adsorption 
of the electroactive molecule. The polymer developed on the 
surface of the electrodes facilitates the adhesion and development 
of a biofilm on the surface. Bacteria-polymer-CPE electrode 
activity was tested for phenol oxidation. The presence of a biofilm 
incorporated in the organic matrix facilitates the degradation of the 
phenol. The methods used, in this case the cyclic and square wave 
voltammetries, the impedance diagrams, have allowed a global and 
efficient characterization of the elaborated electrodes.
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