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Abstract 
The maximum level of organophosphate pesticide residues in rice is 0.1 mg/kg and 0.5 mg/kg in 
vegetables. The control of pesticide residues in agricultural products required a method of analy-
sis quickly and accurately. The research developed a biosensor for the detection of organophos-
phate pesticide residues in agricultural products. The research studied immobilized organophos-
phate hydrolase (OPH) mass and characterization of biosensor. The solution conductivity mea-
surement in the conductivity cell consists of a 1 × 5 mm2 pair of electrodes screen printed carbon 
electrode (SPCE). The instrument is a converted local conductometer. From the results of study 
concluded that the optimum performance of the biosensor was obtained from the 105 µg OPH, at 
pH 8.5 with a response time of 45 seconds. In that condition the sensitivity of biosensor is 28.04 
μS/ppm and 0.18 ppm detection limit and the maximum concentration of pesticide which can be 
measured is 1 ppm. Biosensors have been applied to measure pesticide residues in some vegeta-
ble samples. 
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1. Introduction 
Two classes of pesticides for fruits and vegetables are insecticides and fungicides. Three types of widely used 
insecticides are dizinon, dimethoate and chlorpyrifos; they are the classes of organophosphate. Organophosphate 
pesticides recommended by Department of Agriculture because organophosphate pesticides are easily lost in 
nature. Nevertheless organophosphate pesticide residues in humans can cause both acute and chronic poisoning; 
it is caused by the accumulative nature of organophosphate pesticide residues [1]. Maximum limit of pesticide 
residue in rice is 0.1 mg/kg and the vegetables of 0.5 mg/kg [2]. Therefore, we need some good control levels of 
toxic compounds, as although not deadly but that can accumulate in the body, which can cause dangerous dis-
eases. 

The conventional methods for organophosphate pesticide residue analysis are gas chromatography (GC) and 
High Performance Liquid Chromatography (HPLC). However, both methods have the disadvantage that the test 
sample and the preconditions need a relatively long time, and are less accurate if not all pesticides can be ana-
lyzed simultaneously [3]. Appropriate solution to address the lack of GC and HPLC are biosensors. Biosensor 
offers a variety of benefits; it has very high selectivity and rapid testing, it can be used repeatedly, and it is very 
easy to be used on the direct determination in real samples [4]. 

Organophosphate pesticide biosensor is made based on the hydrolysis of organophosphates by organophos-
phate hydrolase (OPH) as a biocatalyst. Hydrolysis is resulted in H3O+ ions which can be detected by potenti-
ometric, amperometric [5] [6], and conductometric. This study used a conductometric transducer, because it has 
several advantages; it uses a smaller electrode, and needs a low voltage and low-cost production [7]. 

Using conductometric transducers have been developed based on reaction inhibition acetilcholinesterase on 
cholesterol [8] [9]. Conductometric biosensor using a modified Pt electrode—nata de coco has also developed 
for the detection of uric acid [10]. Biosensor performance is affected by the pH and the amount of the enzyme, 
so that the research was conducted by the amount of enzyme and the pH optimization. 

Conductivity measurements based on reaction [11]: 
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Initial concentration of R2XPOH linear with organophosphate concentration so: 

[ ]3 2 a 2H O R XPO K R XZP+ −   = =                                  (4) 

The conductivity of the solution generated by the hydrolysis of organophosphate, that can be calculated 
according to the following equation: 
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Because the OPH optimum performs at pH 7.5 - 9.5, the organophosphate pesticide dissolved in tris-HCl 
buffer which has very low conductivity. 

2. Experimental Section 
2.1. Materials 
Organophosphate hydrolase was isolated from Speudomonas putida. Bovine serum albumin (BSA), Tris, and 
diazinon were purchace from Sigma Aldrich (USA). Tris-HCl buffer was made in steril distilate water . Fresh 
stock solutions were made in Tris-HCl buffer. Diazinon (O,O-Diethyl O-[4-methyl-6-(propan-2-yl) pyrimidin-2- 
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yl] phosphorothioate; CAS [333-41-5]; Mw = 304.35 was used as a standard organophosphate insecticide. 
Screen Printed Carbon Electrode (SPCE) was purchace from QUASENSE Thailand 

2.2. The Design of Biosensors Organophosphate 
On the 1 × 5 mm2 of SPCE surface drops of 10 mL BSA (bovine serum albumin) 5%, and 0.1% glutaraldehyde 
10 μL. Then, dried at 40˚C for 1 hour. Furthermore, 5, 10; 15; 20 and 25 µL of OPH solution (7 µg/µL) injected 
on the SPCE-BSA surface and that stored for 24 hours at 4˚C. Before it is used, SPCE washed with Tris-HCl 
buffer pH 8. 

2.3. Measurement of Solution Organophosphate Conductivity 
Biosensor immersed in a solution of Tris-HCl buffer (pH 7.5; 8.0, 8.5; 9.0 and 9.5) to obtain readeble con- 
ductivity. That repeated every measurement of solution conductivity. Then, the biosensor immersed into a 
solution of diazinon (appropriate pH) and conductivity recorded after the display indicates a readeble value. 

3. Results and Discussion 
3.1. Optimization of Organophosphate Hydrolase 
The concentration of the enzyme is one of the affecting factor to the rate of reaction, so that affects to the 
performance of biosensors. The results showed that the highest sensitivity of biosensor at OPH 70 and 105 μg, 
but the best correlation coeffcient was in 105 μg OPH (Table 1). The OPH more than 10 μg, the sensitivity and 
correlation coefficient are decreases. This is caused by limitations of the surface area of SPCE. With a size of 1 
× 5 mm, surface of SPCE only accommodate 105 μg OPH, because enzymes cannot be immobilized completely. 
SPCE surface has been coated by BSA-glutaraldehyde, that has a varied pore sizes, Figure 1. The pore size 
which can be immobilizing enzymes that are have a fits size with the OPH, thus the immobilized OPH cannot be 
increased by OPH mass. Other possibility, the OPH accumulated on the electrode surface and that blocking of 
 
Table 1. The sensitivity of biosensors in various of OPH mass.                                                   

Mass of OPH (µg) Linear Regression Sensitivity (µS/ppm) Correlation Coefficient 
0 y = 5.75x + 74.89 5.75 0.895 
35 y = 7.88x + 58.58 7.88 0.797 
70 y = 20.67x + 108.70 20.67 0.925 
105 y = 20.68x + 86.37 20.68 0.990 
140 y = 14.72x + 88.22 14.72 0.934 
175 y = 20.16 x + 93.66 20.16 0.959 

 

 
2013/01/31      AL D8.5  ×10k  10μm 

Figure 1. SEM (Scanning Electron Microscopy) image of 
the electrode surface.                                
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ions migration. 
The sensitivity of biosensor at 70 µg OPH is good enough but the correlation coefficient is still not adequate, 

it may be caused by of OPH on the SPCE surface which is uneven, so that is difference in velocity of ion migra-
tion. If the OPH less than 70 µg, biosensor sensitivity is very inadequate, the signal is only generated by the mi-
gration of ions from buffer solution. Based on these results, we can conclude that the optimum mass of enzyme 
depends on the area of the electrode. Thus, the further research should be carried out optimization of SPCE area. 

3.2. Biosensor Characterization 
In this study, purpose of biosensor characterization is investigation of the working conditions of biosensors to 
obtain the maximum performance. The research studied of biosensor character is pH and response time. The pH 
optimum of biosensor is affected by pH of enzyme. The pH optimum of OPH at a range from 7.5 to 9.5, depend 
on the source of OPH, immobilized media, the type and concentration of buffer. Response time is a measure of 
the rate of reaction between the enzyme and the substrate, if the response time is too long, that indicate low en-
zyme purity. 

3.2.1. Effect of pH Solution 
Correlation equation of pesticide concentration and conductivity at various pH are shown in Table 2. The high-
est sensitivity of biosensors resulted at pH 9, but correlation of concentrations and the signal is not sufficient. 
This shows that although ions on the surface of the inside of SPCE are high, but not proportional to the concen-
tration of pesticides in the solution. Biosensor sensitivity at pH 8.5 lower than at pH 9, but a correlation ap-
proximately 1, so it can be concluded that the optimum pH biosensor is at pH 8.5. 

Performance of the biosensor at pH 7.5 and 8 are very low, because the OPH is not working optimally so that 
the hydrolyzed pesticides are not relevant with actual pesticide concentration, it is seen from the correlation is 
less good. Although theoretically, pH optimum of OPH at a range 7.5 to 9, but formation of ions from hydro-
lysable pesticide also dependent on the pH. Hydrolysis of organophosphate by OPH is generate a weak acids, so 
that ionization is strongly influenced by the pH at pH > pKa. It is not certain pKa values of pesticides hydrolyzed 
but it depends on the kind of pesticide. 

Performance of OPH at pH 8.5 to 9.5 estimated similar, but the amount or type of pesticide hydrolyzed ion 
charge is different. In this study, diazinon is as the test solution. Diazinon structure is more complicated than the 
other organophosphate pesticides, and produced two simple compounds which are possible to perfectly ioniza-
tion at different pH. Another possibility, the maximum number of ions formed at pH 9, but that not compatible 
with pores size which can be passed by ions, so that the probabilities become uneven. The biosensor perfor-
mance is a like biosensor with chitosan membrane that has optimum performance at pH 9. It is possible there is 
little difference in the type of immobilization. More over chitosan pores have different sizes with BSA pores. 

3.2.2. Response Time 
The response time is defined as the time required by the device to interact with the sample to be resulted in the 
signal that can be read. Biosensor response time was only a few seconds, as if too long will allow the release of 
bioactive immobilized. The results showed that the response time affected by the concentration of pesticides, 
Figure 2. At this stage, the concentration of pesticide solutions are 0; 0.1; 0.3; 0.5; 0.7, and 1 ppm, according to 
the range of concentrations which can provide a linear relationship with the signal. 

In Figure 2, it can be seen that the faster response time is achieved at higher concentrations of pesticides. 
That indicating the reaction rate of pesticide directly proportional to the concentration [12]. From this data it can 
 
Table 2. Sensitivity of biosensor in various of pH solution.                                                      

pH Linear Regression Sensitivity (µS/ppm) Correlation Coefficient 

7.5 y = 15.00x + 91.75 15.00 0.863 

8.0 y = 15.87x + 97.54 15.87 0.857 

8.5 y = 26.11x + 95.65 26.11 0.989 

9.0 y = 31.07x + 104.3 31.07 0.894 

9.5 y = 22.36x + 105.5 22.36 0.902 
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Figure 2. Curve relationship between measurements time 
and the conductivity at various concentrations of pesticides. 

 
be seen that the range of concentrations of pesticides which can be measured by the biosensor is less than Km 
[13]. This is important because an analytical biosensor will have a good sensitivity if the range of concentrations 
that can be measured is smaller than Km. Determine the exact response time from Figure 1 is very difficult be-
cause the signal for all concentrations tend to rise over time. Therefore, the regression equation was made at an 
all time measurements, Table 3. 

Time measurement is the effect on the sensitivity of the biosensor despite all of the data showed a good sensi-
tivity and a good correlation coefficient, there is a trend of increasing sensitivity. In the measurement of the 45 
and 60 seconds biosensor sensitivity did not differ significantly. Thus it can be used 45-second response time. 
Researchers recommend that measurements to 15 seconds can be done, but on the condition of measurement 
time is the same for all samples, this can be done to extend the life of the biosensor. 

From the characterization results, it can be concluded that the biosensors can be used to measure pesticide 
concentrations organophosphate in the range 0 to 1 ppm. Concentration range is smaller than Km, thus already 
eligible analytically. Optimum performance of biosensor generated if the sample is dissolved in the buffer solu-
tion of Tris-HCl at pH 8.5 and measurements were taken at 45 seconds. 

3.3. Biosensor Performance 
Performance of the biosensor is indicated by analytical detection limit and sensitivity. The regression equation 
was made of the average data repetition. The regression equation is y = 28.04x + 75.85, that obtained the sensi-
tivity of the biosensor is 28.04 μS/ppm. Statistically determined also detection limit is 0.18 ppm. This means that 
the biosensor can be used to measure pesticide concentrations greater than 0.18 ppm. According to government 
regulations, maximum residue limits of pesticides in rice at 0.1 ppm and 0.5 ppm for vegetables. Thus pesticide 
biosensor can be applied only to measure pesticide residues in vegetables. Therefore, the biosensor is yet to be 
perfected in order to obtain a lower detection limit of less than 0.1 ppm. 

This research also applications to real samples, the measured levels of pesticide residues in some vegetables, 
such as lettuce, cabbage, and spinach. However, because of the amount of each vegetable sample not representa-
tive enough so these results cannot be informed. Through this report only inform that developed a biosensor that 
can be applied to determine the levels of pesticide residues in vegetables. For further biosensor development re-
quired more testing of samples of agricultural products both fruits and vegetables 

4. Conclusion 
From the research, it can be concluded that the optimum biosensors resulted at 105 µg of OPH on SPCE size 1 × 
5 mm2. The optimum performance of biosensors resulted at pH 8.5 by measuring response time 45 seconds. In 
optimum conditions the sensitivity of the biosensor is 28.04 μS/ppm with a detection limit of 0.18 ppm. To obtain a 
biosensor that can be mass produced it needs some development in terms of both conductivity cells and instru-
ments. 
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Table 3. Sensitivity of biosensor at various time measurement.                                                   

Time (seconds) Linear Regression Sensitivity (µS/ppm) Correlation Coefficient 

15 y = 26.14x + 76.13 26.14 0.985 

30 y = 27.83x + 75.95 27.83 0.988 

45 y = 29.32x + 75.49 29.32 0.989 

60 y = 28.86x + 75.82 29.86 0.989 

Acknowledgements 
The authors are highly thankful to University of Brawijaya Research Institute, Malang Indonesia 

References 
[1] Alegantina, S., Raini, M. and Lastari, P. (2005) Penelitian Kandungan Organofosfat Dalam Tomat Dan Slada Yang 

Beredar Di Beberapa Jenis Pasar Di DKI. Ministry of Health Republic of Indonesia, Jakarta. 
[2] Ministry of Health and Agriculture Ministry Republic of Indonesia (1996) Batas Maksimum Residu Pestisida Pada Ha-

sil Pertanian, Jakarta. 
[3] Schulze, H., Scherbaum, E., Anastassiades, M., Vorlova, S., Schmiddan R.D. and Bachmann, T.T. (2002) Develop-

ment, Validation, and Application of An Acetylcholinesterase-Biosensor Test for the Direct Detection of Insecticide 
Residues in Infant Food. University of Stuttgart, Stuttgart. 

[4] Garcia, M.N.V. and Mottram, T. (2003) Biosensor Technology Addressing Agricultural Problems. Biosystems Engi-
neering, 84, 1-12. http://dx.doi.org/10.1016/S1537-5110(02)00236-2  

[5] Pohanka, M., Jun, D. and Kuca, K. (2008) Amperometric Biosensors for Real Time Assays of Organophosphates. 
Sensors, 8, 5303-5312. http://dx.doi.org/10.3390/s8095303   

[6] Lee, J.H., Park, J.Y., Min, K., Cha, H.J., Choi, S.S. and Yoo, Y.J. (2010) A Novel Organophosphorus Hydrolase-Based 
Biosensor Using Mesoporous Carbons and Carbon Black for the Detection of Organophosphate Nerve Agents. Bio-
sensors and Bioelectronics, 25, 1566-1570. http://dx.doi.org/10.1016/j.bios.2009.10.013  

[7] Chouteau, C., Dzyadevych, S., Chovelon, J.M. and Durrieu, C. (2004) Development of Novel Conductometric Bio-
sensors Based on Immobilised Whole Cell Chlorella Vulgaris Microalgae. Biosensors and Bioelectronics, 19, 1089- 
1096. http://dx.doi.org/10.1016/j.bios.2003.10.012  

[8] Jaffrezic-Renault, N. and Dzyadevych, S.V. (2008) Conductometric Microbiosensors for Environmental Monitoring,  
Sensors, 8, 2569-2588. http://dx.doi.org/10.3390/s8042569   

[9] Gan, N., Yang, X., Xie, D., Wu, Y. and Wen, W. (2010) A Disposable Organophosphorus Pesticides Enzyme Biosen-
sor Based on Magnetic Composite Nano-Particles Modified Screen Printed Carbon Electrode. Sensors, 10, 625-638.  
http://dx.doi.org/10.3390/s100100625  

[10] Mulyasuryani, A. and Srihardyastutie, A. (2011) Conductimetric Biosensor for the Detection of Uric Acid by Immobi-
lization Uricase on Nata de Coco Membrane—Pt Electrode. Analytical Chemistry Insight, 6, 47-51.  
http://dx.doi.org/10.4137/ACI.S7346  

[11] Jaffrezic-Renault, N. (2001) New Trends in Biosensors for Organophosphorus Pesticides. Sensors, 1, 60-74.  
http://dx.doi.org/10.3390/s10100060  

[12] Egins, B.R. (2002) Chemical Sensors and Biosensors. John Wiley & Sons, LTD, Singapore. 
[13] Wang, J. (2001) Analytical Electrochemistry. 2nd Edition, VCH Publisher, Inc., New York, 133-160.  

http://dx.doi.org/10.1016/S1537-5110(02)00236-2
http://dx.doi.org/10.3390/s8095303
http://dx.doi.org/10.1016/j.bios.2009.10.013
http://dx.doi.org/10.1016/j.bios.2003.10.012
http://dx.doi.org/10.3390/s8042569
http://dx.doi.org/10.3390/s100100625
http://dx.doi.org/10.4137/ACI.S7346
http://dx.doi.org/10.3390/s10100060

	Enzyme Biosensor for Detection ofOrganophosphate Pesticide Residues Base on Screen Printed Carbon Electrode (SPCE)-Bovine Serum Albumin (BSA)
	Abstract
	Keywords
	1. Introduction
	2. Experimental Section
	2.1. Materials
	2.2. The Design of Biosensors Organophosphate
	2.3. Measurement of Solution Organophosphate Conductivity

	3. Results and Discussion
	3.1. Optimization of Organophosphate Hydrolase
	3.2. Biosensor Characterization
	3.2.1. Effect of pH Solution
	3.2.2. Response Time

	3.3. Biosensor Performance

	4. Conclusion
	Acknowledgements
	References

