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Abstract: A disposable amperometric biosensor for commercial use to detect hydrogen 

peroxide has been developed. The sensor is based on screen-printed carbon paste electrodes 

modified by electropolymerization of pyrrole with horseradish peroxidase (HRP) entrapped. 

The facture techniques of fabricating the enzyme electrodes are suitable for mass production 

and quality control. The biosensor shows a linear amperometric response to H2O2 from 0.1 

to 2.0 mM, with a sensitivity of 33.24 µA mM-1 cm-2. Different operational parameters of 

electropolymerization are evaluated and optimized. 
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1. Introduction 
 

The determination of hydrogen peroxide is of considerable interest, because hydrogen peroxide is 

not only an important analyte in food, pharmaceutical, clinical, industrial and environmental analyses 

but also playing a key role as the product of the enzymatic reaction in coupled enzyme systems [1]. 

Several analytical techniques have been employed for this determination, such as titrimetry [2], 
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spectrometry [3], chemiluminescene [4, 5], but these techniques suffer from interferences, long 

analysis time and use of expensive reagents. Electroanalytical methods [6-11] have also been found 

suitable since they achieve low detection limits and rapid response time. Coupled with enzymatic 

reactions, it is promising for fabrication of simple and low-cost enzyme sensors. Until now, 

horseradish peroxidase (HRP) has become a commonly used enzyme to construction hydrogen 

peroxide biosensors. 

It is well known that direct electron transfer from the reduced enzyme to a distant electrode is 

negligible. To improve it, redox enzyme catalysis can be mediated by a variety of organic and 

inorganic species which act efficiently in competition with the natural acceptors (or donors) of 

electrons [12]. The most widely used mediators are ferrocene derivatives [9, 13], although other types 

are employed [14]. 

The technique to immobilize the enzyme is one of the key issues in developing a reliable biosensor. 

Many strategies have been used including direct adsorption, crosslinking with glutaraldehyde, covalent 

binding, and entrapment in polymerized films or gels [15]. As carrier material in immobilizing 

enzyme, conducting polymers have been receiving great and broad interests. The immobilization of an 

enzyme into an electropolymerized film offers many attractive features since the process is 

instrumentally controlled and an enzyme electrode can be easily prepared in a rapid one-step 

procedure. The most popular conducting polymers for the immobilization of enzyme are polypyrrole 

(PPy) [16, 17], polyaniline [18] and polythiophene Especially, PPy and its derivatives are most widely 

used for entrapping enzyme, because PPy can be easily electrodeposited onto an electrode surface from 

aqueous solutions, which are compatible with most biological elements [15, 19]. 

Many researches indicated that the enzyme can be entrapped by PPy matrix immobilized on the 

surface of Pt, Au and glassy carbon (GC) electrodes. But electropolymerization on the surface of 

screen-printed carbon paste electrodes has been few reported. Screen-printing technology is a low-cost 

technology which allows depositing thick films (a few to hundreds of micrometers) and is well suited 

for mass production and portable devices [20]. They allow fast and easy monitoring. For example, 

disposable screen-printed enzyme strips are widely used by diabetic patients for self-monitoring of 

their blood glucose levels [21]. Such a microfabrication route offers high-volume production of 

extremely inexpensive and yet highly reproducible disposable enzyme electrodes. 

In this paper, the fabrication of a disposable hydrogen peroxide amperometric biosensor based on 

screen-printing technology was described. Carbon and silver ink were used to form electrodes while 

silver was employed as conductive lead. HRP was immobilized in a PPy film electropolymerized on 

the surface of screen-printed carbon paste electrodes. Potassium ferrocyanide was deposited as electron 

transfer mediator to facilitate efficient electron transfer. The biosensor can determine hydrogen 

peroxide concentration using only 1 µL sample. Different operational parameters influencing the 

biosensor response, i.e. monomer, electrolyte and HRP concentrations, PPy film growth rate and 

thickness were evaluated and optimized. 
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2. Experimental 
 
2.1. Materials and apparatus 

 

HRP (>300 U/mg) was purchased from Qiude Biochemical Engineering CO., Ltd., China. Hydrogen 

peroxide (30%, w/w), pyrrole (98%), potassium ferrocyanide, lithium perchlorate (LiClO4) and other 

chemicals were of analytical grade without further purification. Carbon paste (Jelcon CH-10) was 

purchased from Jujo Chemical CO., Ltd., Japan. Double-distilled water was used in all experiments. 

0.25 M hydrogen peroxide standard solution was prepared every three days and stored at room 

temperature without light. Diluted hydrogen peroxide standard solutions were freshly prepared directly 

prior to use, carried out in a 0.2 M phosphate buffered saline (PBS) solution (pH 7.0) containing 0.2M 

NaCl. 

Amperometric measurements were performed by a CHI760B Electrochemical Work Station (CH 

Instrument Inc., USA). During the electropolymerization, a platinum disk (2 mm2) and Ag/AgCl were 

used as counter and reference electrodes, respectively. The electrodes were screen-printed using a MT-

750A screen printing machine (Ming Tai Screen Printing Machine CO., Ltd., Taiwan)  

 

2.2. Electrode preparation 

 

Screen-printed electrodes were fabricated on polypropylene (PP) sheets using the screen-printer. 

Three masks were used to form sliver conducting lead wires, carbon paste film for electrochemical 

reaction and insulating film, the process has been described in detail previously [22]. The structure of 

the biosensor is shown in Figure 1, consisting of an Ag/AgCl pseudo-reference electrode and two 

carbon electrodes, which acting as working and counter electrodes, respectively. The function of the 

silver leads was to improve electric conductivity of the electrodes. The reaction area was defined by the 

insulating film covering on the carbon paste film. The size of working electrode in reaction area was 1 

mm×2 mm while the sensor substrate was 35 mm×10 mm.  

 

 

Figure 1. The structure of the screen-printed electrodes, the sensor substrate was  

35 mm×10 mm while the working electrode area was 1 mm×2 mm. 
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2.3. Fabrication of enzyme electrode 

 

The hydrogen peroxide biosensor was fabricated by electropolymerization in a 5 mL 0.2 M PBS 

solution (pH 7.0) containing 0.075 M pyrrole, 0.075 M LiClO4 and 0.8 mg/mL HRP. One of the 

screen-printed carbon paste electrodes was used as working electrode while the platinum disk and 

Ag/AgCl were used as counter and reference electrodes, respectively. Electrochemical polymerization 

carried out potentiostatically at +1 V vs. Ag/AgCl until a final optimum charge deposit (50 mC/cm2) 

was reached. The electrodes were washed and rinsed in double-distilled water to remove the unfixed 

enzyme and then were dried at room temperature. Subsequently 1 µL PBS solution (pH 7.0) containing 

0.1 M potassium ferrocyanide was coated on reaction area uniformly and dried at room temperature in 

dark. For comparison, a biosensor was fabricated in a similar way except the HRP (2 mg/mL) was 

immobilized by physical adsorption. 

 

2.4. Measurement 

 

Amperometric measurements were carried out using a CHI760B electrochemical workstation. The 

working potential was -300 mV vs. the screen-printed Ag/AgCl pseudo-reference electrode, 1 µL 

hydrogen peroxide standard solution was dropped onto reaction area of enzyme electrode uniformly. 

Current-time curves of the amperometry were recorded using an IBM PC compatible computer via a 

RS232 series port communicating to the electrochemical workstation at room temperature. The 

response time of the sensors, time needed to reach a plateau corresponding to the steady state when the 

testing sample was added, was 40 seconds. The response current to H2O2 was determined by 

subtracting the background current from the observed current. The calibration curve was obtained with 

testing samples of different hydrogen peroxide concentration to investigate the characteristics of the 

biosensor to determine hydrogen peroxide concentration. 

 

3. Results and discussions 
 
3.1. Optimization of the electropolymerization 

 

The sensitivity of a hydrogen peroxide biosensor depends on the activity of the immobilized HRP 

enzyme in the PPy film. The activities of the immobilized HRP enzyme were electrochemically 

analyzed. 

In the presence of 1 µL 1 mM H2O2 solution, the effects of pyrrole concentration, PPy film 

thickness, electropolymerization potential, LiClO4 concentration and HRP concentration on the 

response of the hydrogen peroxide biosensor were evaluated. 

 

3.1.1. Pyrrole concentration 

 

In potentiostatic electropolymerization mode, pyrrole monomer concentration is an important factor 

which influences the development of the polymer. A constant potential of +1.0 V vs Ag/AgCl was 
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applied to achieve the charge deposit of 50 mC/cm2, while various concentrations of pyrrole were used. 

Figure 2 shows the response current to 1 mM H2O2 of the sensors with the film electropolymerized 

using pyrrole of different concentration. Lower pyrrole concentration did not allow sufficient polymer 

formation and HRP entrapment onto the electrode surface. Optimized pyrrole concentration, 0.075 M, 

was selected in the experiments. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 0.02 0.04 0.06 0.08 0.1 0.12

[pyrrole] (M)

R
e

sp
o

n
se

 c
u

rr
e

n
t 

(
µ
A

)

 

Figure 2. Effect of pyrrole concentration on response current to  

1 mM H2O2 (1 µL, -300 mV potential applied). 

 

3.1.2. Density of charge deposit 

 

The thickness of the PPy film was determined by the charge deposited during electropolymerization. 

A thick PPy film could entrap much enzyme, but retard the analyte diffusion. In the research on a PPy 

glucose biosensor, the PPy film has been proven to act as a serious diffusion barrier, both the diffusion 

rates of glucose to the immobilized GOx and H2O2 to the platinum electrode were retarded severely by 

the polymer film [23]. However on hydrogen peroxide biosensors, Tatsuma indicated that the PPy film 

functioned as a conductive material, a part of the electrode material, and didn’t retard the transport of 

the mediators [7]. Our experiment results are shown in Figure 3. When the charge deposited less than 

25 mC/cm2, the response current (curve c) was very small because too little enzyme was entrapped. In 

the range from 50 to 150 mC/cm2, the response current to H2O2 changed due to the background current 

(curve b) increasing significantly though the observed current (curve a) remained almost unchanged. It 

was observed that although the thickness of PPy did not retard the transport of the mediators, it 

affected the amount of enzyme entrapped within the film and the background current to change the 

sensitivity of the sensor. In our experiments, the density of charge deposit of 50 mC/cm2 was selected.  
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Figure 3. Effect of the density of charge deposit on (a) observed current; (b) background current  

and (c) response current to 1  H2O2 (1 µL, -300 mV potential applied). 

 

3.1.3. Potential for electropolymerization 

 

The effect of electropolymerization potential on enzyme electrode response was evaluated because 

the potential determined the growth rate of polymer film. With the increase of potential from 0.8 V to 

1.2 V, the peak current during electropolymerization process increased from 18 to 175 µA to affect the 

sensitivity of the sensor, so that the electropolymerization potential should be optimized. When 

hydrogen peroxide concentration was 1 mM, the potential dependence of response current was shown 

in Figure 4. The results indicated that the maximum response current was obtained when 

electropolymerization potential was 1.0 V, which was accordingly used in our experiments. 
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Figure 4. Effect of electropolymerization potential on response current to  

1 mM H2O2 (1 µL, -300 mV potential applied). 
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3.1.4. LiClO4 concentration 

 

The electrolyte concentration should be high enough to facilitate the charge transfer in solution, but 

it should not compete with the pyrrole monomer cation radicals. Both LiClO4 and KCl were commonly 

used as electrolyte for pyrrole polymerization [6, 8, 24, 25]. Comparing both electrolytes, we used 
LiClO4 in the experiments due to its better catalyze effect besides the effect of 

4

-ClO  doping. When 

LiClO4 concentration was within a range of 0.075 to 0.15 M, the electropolymerized enzyme sensor 

performed well, so the LiClO4 concentration of 0.075 M was selected for our experiments. 

 

3.1.5. Enzyme concentration 

 

The HRP concentration in the pyrrole monomer solution for preparing the enzyme electrode was a 

key factor to affect the sensitivity, because the sensor response depended upon the amount of 

immobilized HRP. Figure 5 shows the response current to 1 mM H2O2 of the sensors using HRP of 

different concentration. With the increase of HRP concentration from 0.2mg/ml to 0.8mg/ml, the 

response current was almost doubled. When the HRP concentration was higher than 0.8 mg/ml, the 

response current of the sensor did not increase further. So the HRP concentration of 0.8mg/ml was 

used in the experiments for the economic consideration. 
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Figure 5. Effect of HRP concentration on response current to  

1 mM H2O2 (1 µL, -300 mV potential applied). 

 

3.2. pH and electrolyte influences on biosensor response 

 

The pH influence was investigated by amperometric measurement of 1 mM H2O2 in PBS 0.067 M 

at different pH values between 5.0 and 9.0 as shown in Figure 6. The maximum response current was 

observed at pH 7.0 in agreement with Ref.[26]. In order to obtain the maximum bioactivity and optimal 

sensitivity, PBS solution of pH 7.0 was selected for our experiments. 
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Figure 6. Effect of pH on response current to 1 mM H2O2 (1 µL, -300 mV potential applied). 

 

Phosphate (0.033, 0.067, 0.1, 0.2 M) was chosen to study the influence of electrolyte concentration. 

The results showed that the effect of phosphate concentration on the response was little. So 0.2 M PBS 

solution was selected in the subsequent experiments. 

 

3.3. Effect of ferrocyanide on the response current of the biosensor 

 

The ferrocyanide improves the charge transfer between the redox active site of the enzyme and the 

electrode, and should exhibit a fast electron exchange rate, while their electrochemical transformation 

usually takes place at low potentials to avoid the interference of other electroactive species normally 

present (e.g. ascorbic acid and uric acid). Figure 7 shows the cyclic voltammetry of the electrode in the 

absence (B) and presence (A) of ferrocyanide. Comparing Figures 7(A) and 7(B), it is obviously that 

with the presence of mediator, the reduce reaction took place at lower potentials (0 V vs. -0.5 V). From 

Figure 7(B), it indicated that without the ferrocyanide as mediator, biosensor response was likely 

caused by the direct electron transfer between HRP and PPy with subsequent reduction of the oxidized 

PPy. It’s similar to those reported in previous literatures [6, 7]. 
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Figure 7. Cyclic voltammetry of the electrodes in the PBS solution (pH7.0). (A) electrodes  

modified with PPy/HRP/ ferrocyanide (B) electrodes modified with PPy/HRP.  

(curve a-- with 1 mMH2O2, curve b-- absence of H2O2.) 

 

3.4. Sensor characteristics 

 

The calibration curve of the sensor is shown as curve (a) in Figure 8. Eight hydrogen peroxide 

samples of different concentrations were measured using the biosensor fabricated under the optimized 

condition as described, and each sample of a certain concentration was measured five times. The inset 

illustration indicates the linear range of the PPy-HRP electrode response was from 0.1 to 2 mM, and 

the sensitivity corresponding to the linear range was about 33.24 µA mM-1 cm-2. The equation of the 

response was [Y(µA)=0.6647X(mM)-0.0234, R2=0.9953]. 

The reproducibility between electrodes represented by the relative standard deviation (R.S.D.) was 

measured. For all the H2O2 concentrations investigated, the average R.S.D. was 10.24% (n=5).  

The calibration curve of a sensor with HRP immobilized by physical adsorption is shown as curve 

(b) in Figure 8. Although the response of the electropolymerized sensor was a little lower than the one 

of the sensor with physically adsorbed HPR, the quantity of the HRP fixed in the PPy film can be 

relative easily adjusted by quantitatively controlling the electrical charge of polymerization. 
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Figure 8. Calibration curve of H2O2 biosensor with HRP immobilized by (a) PPy film and  

(b) physical adsorption. The inset indicates calibration curve obtained for the linear range.  

Experimental condition: 1 µL H2O2, -300 mV applied potential. 

 

Different from previous researches reported, we electropolymerized PPy-HRP on a screen-printed 

carbon paste electrode rather than Pt or GC electrode [6, 27]. The sensor was developed for disposable 

use to allow quick and easy hydrogen peroxide monitor while only 1 µL sample was required. The 

sensor exhibited a sensitivity of 33.24 µA mM-1 cm-2 which was higher than the hydrogen peroxide 

sensors reported in Ref.[6, 27] and allowed to be measured with a handheld meter conveniently.  

 

3.5. Sensor lifetime 

 

The operational stability was examined by measuring the response to 1 mM H2O2. The sensors were 

stored in 0.2 M PBS (pH 7.0) at 5 Celsius degree for 3 weeks, while measurements were conducted 

every 2 days during the first week and then once a week subsequently. The response did not change 

significantly. 

 

4. Conclusions 
 

A hydrogen peroxide biosensor with PPy-HRP electropolymerized on a screen-printed carbon paste 

electrode was studied. When the condition for electropolymerization was optimized, the sensor 

exhibited a sensitivity of 33.24 µA mM-1 cm-2 to H2O2 with a linear range of 0.1 to 2 mM while only 1 

µL sample was required. This method is promising for manufacture of economic disposable hydrogen 

peroxide biosensors. 
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