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A widely utilized organophosphate pesticide for crop pest control, 
profenofos and diazinon, have been categorized as moderately toxic by 
the World Health Organization (WHO). Hence, the identification of 
profenofos and diazinon residues holds importance for ensuring food 
safety. This study focuses on the alternative profenofos and diazinon 
detection method utilizing optical sensors, offering a label-free and 
real-time measurement scheme. The sensor utilizes zinc oxide (ZnO) 
with a microflowers structure (ZnO MFs) as the sensing material, 
chosen for its enlarged surface area, which enhances sensitivity to 
alterations in the surrounding medium. Synthesized via the solution 
route method, the ZnO MFs exhibit dimensions of 5.47 ± 0.84 µm in 
length, 1.30 ± 0.26 µm in width, and an aspect ratio of 4.35 ± 1.02. 
Profenofos and diazinon concentrations ranging from 1 to 10,000 ppm 
are used as targeted analytes for sensor testing. The findings 
demonstrate distinct responses of the optical sensor, with a detection 
limit (LoD) of 1 ppm. The sensing parameter, Absolute Optical Change 
(AOC), exhibits its highest value at 1 ppm for profenofos and 100 ppm 
for diazinon, indicating an optimal sensitivity. In conclusion, optical 
sensors using ZnO MFs as sensing material offer a good potential to be 
used as an alternative method for pesticide detection, with further 
improvement in LoD and sensitivity aspects needed.  
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1. Introduction 
Organophosphate pesticides, comprised of chemical compounds derived from phosphoric acid, are extensively 
utilized as herbicides, insecticides, and fungicides due to their efficacy in pest control. These compounds exert 
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their pesticidal activity by targeting acetylcholinesterase (AChE), an enzyme responsible for catalyzing the 
breakdown of the neurotransmitter acetylcholine [1]. The inhibition of AChE by organophosphates disrupts the 
normal functioning of the nervous system in pests, leading to hyperstimulation of nerve cells, paralysis, and 
eventual mortality [2]. However, the broad-spectrum toxicity of organophosphates extends beyond pests, posing 
significant risks to human health by inhibiting AChE in non-target organisms [3]. Exposure to organophosphate 
pesticides can occur through various routes, including inhalation, ingestion of contaminated food or water, and 
dermal contact [4]. Chronic exposure to even low levels of organophosphates has been associated with a spectrum 
of adverse health effects, including neurological disorders, developmental abnormalities in children, and an 
elevated susceptibility to certain cancers [5]. 

Organophosphate pesticides that are widely used are profenofos and diazinon, which reach 70 % of use to 
combat pests infesting crops [6], [7]. Its mechanism of action involves the inhibition of acetylcholinesterase 
(AChE), leading to respiratory distress, prompting the World Health Organization (WHO) to designate profenofos 
and diazinon as a moderately toxic pesticide (category II pesticide). Additionally, regulatory bodies such as the 
Food and Agriculture Organization and the Codex Committee have established a permissible range for daily non-
toxic intake, typically falling between 0 and 0.03 mg/kg body weight [8]. Notably, residues of profenofos and 
diazinon can persist on crops post-application, with the potential to endure through harvesting and subsequent 
processing stages [9]. Therefore, the imperative of detecting profenofos and diazinon is underscored not only to 
safeguard food safety but also to ensure compliance with stringent regulatory standards governing pesticide 
residues in agricultural produce. 

Various techniques are employed for the detection of profenofos, encompassing gas chromatography, 
enzyme-linked immunosorbent assay (ELISA), and mass spectrometry methodologies. Gas chromatography 
involves the vaporization of the sample, which then traverses a chromatographic column for component 
separation. Quantification of profenofos within the sample is achieved using detectors such as flame ionization 
detector (FID) or electron capture detector (ECD) [10]. For example, Ashraf et al. demonstrated the efficacy of this 
method, achieving a limit of detection (LoD) of 0.05 mg/kg [11]. Conversely, ELISA employs incubation of the 
sample with an enzyme-labeled antibody, followed by measurement of enzyme activity to ascertain analyte 
concentration. While ELISA offers rapid sensitivity, it necessitates specific antibodies for profenofos detection 
[12]. For instance, Kuo-Hui et al. utilized this technique, employing 20 nm Ag nanoparticles as the sensing material 
immobilized by polyclonal antibodies [13]. Alternatively, mass spectrometry entails ionization of the sample for 
mass-to-charge ratio analysis of ions [14]. Dusit et al. reported coupling mass spectrometry with electrospray 
ionization for profenofos detection [15].  

In the realm of diazinon detection, various methodologies have been explored, including electrochemical 
analysis, visible/near-infrared (VIS/NIR) spectroscopy, and High-Performance Liquid Chromatography (HPLC). 
Electrochemical approaches involving the utilization of electrochemical sensors and biosensors have garnered 
attention for diazinon detection. For instance, Fatemeh et al. employed an electrochemical approach and achieved 
a remarkable detection limit of 4.5 x 10-10 M, with a tested concentration range of 1 x 10-10 to 6 x 10-8 M [16]. 
VIS/NIR spectroscopy has also emerged as a non-destructive means for diazinon residue detection. Bahareh et al. 
illustrated the efficacy of this method in cucumber plants, achieving a standardized error of cross-validation value 
of 0.366 [17]. Furthermore, HPLC methodology offers a comprehensive approach involving the extraction of 
diazinon from samples, chromatographic separation, absorbance-based detection, and quantification through 
calibration curves. Reza et al. enhanced this method by incorporating Nebulizer-Assisted Liquid-Phase 
Microextraction (NALPME), resulting in detection and quantification limits of 0.123 µg/mL and 0.372 µg/mL, 
respectively [18].  

In this study, an innovative profenofos and diazinon detection approach based on optical sensors is proposed. 
Leveraging the optical phenomenon exhibited by micromaterials under specific wavelengths of light, optical 
sensors offer a label-free detection mechanism, circumventing the need for complex labeling procedures that risk 
sample contamination [19]. Additionally, optical sensors afford real-time monitoring of analyte binding events, 
facilitating dynamic measurement capabilities [20]. 

In this investigation, zinc oxide (ZnO) emerges as the chosen sensing material for the optical sensor. ZnO is 
favored for its remarkable sensitivity to environmental changes, particularly its responsiveness to the presence 
of profenofos and diazinon [6], [21]. Moreover, ZnO offers the advantageous attributes of being environmentally 
benign and non-toxic, essential considerations for applications in environmental monitoring and food safety [22]. 
The selection of the microflower structure for ZnO is deliberate, driven by its larger surface area, enhancing its 
sensitivity to the target analyte [23].  

Prior research has explored the utility of ZnO microflowers (ZnO MFs) as sensing materials for detecting 
various hazardous substances with potential human health implications. For instance, Yingnan et al. employed 
ZnO MFs to detect water pollutant bisphenol A with a detection limit of 1 nM [24]. Similarly, Ahmad et al. utilized 
ZnO MFs for formaldehyde detection with response and recovery times of 65 s and 117 s, respectively [25]. 
Additionally, Wenzhi et al. employed ZnO MFs for H2S detection with a response time of 157.3 s [26]. While ZnO 
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has predominantly been utilized for sensing gaseous analytes, this study presents an innovative application by 
employing ZnO MFs for the detection of profenofos and diazinon in solution form. 

2. Experimental 

2.1 Synthesis of ZnO Microflowers  
This study involves the synthesis of ZnO MFs utilizing the solution route method, adapted from a previous study 
[27]. Specifically, a solution comprising 0.3 M of zinc acetate dihydrate (Zn(CH3COO)2.2H2O) diluted in 100 mL of 
deionized water is prepared, with the addition of 3 M sodium hydroxide (NaOH). Subsequently, the resulting 
white-colored solution undergoes stirring at 300 rpm for 10 minutes while maintaining a temperature of 60°C. 
This prepared solution is then subjected to characterization utilizing Ultra Violet-Visible (UV-Vis), X-Ray 
Diffraction (XRD), and Field Emission Scanning Microscopy (FESEM) to obtain the optical, structural, and 
morphological properties of ZnO MFs.  

UV-Vis analysis is conducted employing the UV-1800 Shimadzu UV-Vis Spectrophotometer, Japan, operating 
within a defined wavelength range of 300 to 500 nm. The 3 mL of ZnO solution is placed in a cuvette for the 
measurement. Subsequently, XRD characterization is performed utilizing the Bruker D8 Advance X-Ray 
Diffractometer, Germany, with CuKα radiation (λ = 1.5406 Å) and a diffraction angle range spanning 20⁰ to 60⁰. 
FESEM investigations are carried out using the Joel JSM-7600 Field Emission Scanning Electron Microscope, USA, 
operating at an accelerating voltage of 5 kV, with a magnification of 1,000X. For XRD and FESEM characterization, 
the ZnO MFs solution must be left undisturbed for 1 hour. After 1 hour, the supernatant is removed and rinsed 
using deionized water. Then, the residue is dried in an oven at 100⁰ C until ZnO powder forms.  

2.2 Analyte Preparation 
The commercialized profenofos 500 EC (brand Curacron, Indonesia) and diazinon 600 EC (supplied by Petrokimia 
Kayaku, Indonesia) are selected as the targeted analytes for this study due to their advantageous characteristics, 
particularly their flexibility in controlling concentration levels. By utilizing commercial profenofos and diazinon, 
the experimentation process benefits from consistent and controlled conditions, ensuring reliable and 
reproducible results. The profenofos and diazinon samples, ranging from 1 to 10,000 ppm, are meticulously 
prepared by diluting the commercial stock with deionized water (DIW) using the formula: 
 

M1V1 = M2V2                                                                                           (1) 
 
where M1 is the initial concentration, V1 is the initial volume, M2 is the final concentration, and V2 is the final 
volume. 

2.3 Optical Sensor System Setup 
The optical sensor setup employed in this investigation draws adaptation from a precedent study focused on 
herbicide and glucose detection via absorbance mode [28]–[30]. Specifically, for profenofos and diazinon 
detection, the optical sensor configuration encompasses essential components such as a light source, fiber optic, 
chamber, spectrometer, and a computer equipped with analytical software. The selected light source is the 
AvaLight-HAL-(S)-Mini halogen lamp, chosen for its compatibility with the intended application. Fiber optic cables 
of simplex design, namely FC-UVIR200-1/FC-UVIR400-1, are utilized to facilitate efficient light transmission. 
Previous research endeavors involving duplex fiber optics have addressed diverse analytes, including glyphosate, 
boric acid, and formaldehyde detection via reflectance mode [31]–[33]. The self-made chamber boasts a cube-
shaped design featuring strategically positioned apertures on the right and left sides to accommodate sensor 
components. Notably, the chamber dimensions measure 3 cm x 3 cm x 3.56 cm, ensuring optimal compatibility 
with the experimental setup. The spectrometer utilized is the AvaSpec-Mini2048CL, complemented by AvaSoft 
software for data analysis and interpretation. The light source, simplex fiber optic, spectrometer, and software 
analyzer are purchased from Avantes. The sensor setup is elucidated in Figure 1, while Figure 2 provides detailed 
dimensions of the custom-made chamber.  
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Fig. 1 Optical sensor (a) Block diagram; (b) Setup system; and (c) Working principle 
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Fig. 2 Chamber size and dimension from (a) Top; (b) Side; and (c) Front view 
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3. Results and Discussion 

3.1 Characterization of ZnO Microflowers as Sensing Material 
Figure 3 depicts the ZnO MFs synthesized via a simple route method, both in solution and powder forms, 
facilitating further characterization. These ZnO MFs exhibit a well-defined nanorod structure. The synthesis 
process of ZnO MFs in solution form is outlined as follows.  

 
Zn(CH3COO)2.2H2O + 2NaOH → Zn(OH)2 + 2CH3COONa + 2H2O (2) 

 
Zn(OH)2 + 2H2O → [Zn(OH)42-]2+ + 2H+ (3) 

 
[Zn(OH)42-]2+ → ZnO + H2O + 2OH- (4) 

  
The synthesis mechanism underlying the formation of ZnO MFs composed of nanorod structure hinges upon 

the initial precipitation of Zn(OH)22+ and [Zn(OH)42-]2+ within a solution medium. In the mixed solution of zinc 
acetate and sodium hydroxide, the concentration of OH- ions escalates with the concurrent rise in pH. Notably, the 
complex Zn(OH)22+ and [Zn(OH)42-]2+ are predominantly generated when the solution's pH is above 9, with 
[Zn(OH)42-]2+ serving as the fundamental growth unit for wurtzite ZnO. Given the higher solubility of Zn(OH)2 
compared to ZnO precipitates, a continuous generation of Zn2+ and OH- ions from Zn(OH)2  precipitates fosters the 
formation of the ZnO nucleic. Under hydrothermal conditions, the growth rate of ZnO planes follows the sequence 
[001] > [111] > [110] > [111] > [001] [27]. In this work, the nanorod structures exhibited wide tips and bases 
attributed to thermal modifications during the stirring process, thereby enhancing the surface area of the ZnO 
MFs.  
 

 
(a) (b) 

Fig. 3 ZnO nanomaterial (a) As-synthesized in solution; and (b) Powder form 

The initial characterization step involves UV-Vis analysis to evaluate the spectral absorbance of ZnO. As 
depicted in Figure 4(a), a distinct peak absorbance is discerned within the wavelength range of 350 – 380 nm [34]. 
Specifically, the peak is centered at 359.5 nm, exhibiting an absorbance value of 0.58813 a.u. Al-Gaashani et al. 
observed the absorption peak of the nanoflower structure is about 370 nm, produced via a microwave-assisted 
method [35]. 

Subsequent to UV-Vis, XRD characterization is conducted to elucidate the structural properties of ZnO, as 
illustrated in Figure 4(b). The XRD pattern reveals a prominent peak corresponding to the (101) plane, observed 
at an angle of 36.252⁰. This significant finding suggests that the synthesized ZnO predominantly exhibits growth 
alignment along the (101) direction. Moreover, analysis of the XRD data yields crucial information regarding the 
crystal size, with the maximum direction exhibiting a size of 21.768 nm. Additionally, minor peaks are discerned 
in the (100), (002), (102), and (110) planes, contributing to the overall structural characterization of ZnO, as 
detailed in Table 1. The absence of any additional distraction peaks discernible in the XRD pattern corroborates 
the successful synthesis of ZnO crystals characterized by high purities. The hexagonal structure of ZnO belongs to 
the C6V4 space group, featuring two formula units within its primitive cell, with all atoms occupying the 2b sites 
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endowed with C3V symmetry. According to the group theory, single-crystalline ZnO manifests six distinct optical 
phonon modes situated at the center of the Brillouin zone, enumerated as follows: 

Γ = A1 + 2B1 + E1 + 2E2 (4) 

Among the phonon modes exhibited by wurtzite hexagonal ZnO single crystalline materials, only A1, E1, and E2 
demonstrate Raman activity. Additionally, A1 and E1 are not only Raman active but also infrared (IR) active, each 
exhibiting longitudinal optical and transverse optical components. The nonpolar phonon modes characterized by 
E2 symmetry present two frequencies: E2H correlated with oxygen atoms and E2L linked to the Zn sublattice [36]–
[38]. 

Furthermore, FESEM is employed to elucidate the morphological properties of ZnO MFs, as depicted in Figure 
4(c). The obtained image reveals the characteristic of the flower morphology of ZnO that consists of a nanorod 
structure with a fused base, with detailed measurements indicating an average length, width, and aspect ratio of 
5.47 ± 0.84 µm, 1.30 ± 0.26 µm, and 4.35 ± 1.02, respectively. The adoption of a microflower structure is deliberate, 
as it offers a high surface-to-volume ratio, enhancing sensitivity to the target analyte [39], [40]. 
 

 
(a) (b) (c) 

Fig. 4 Characterization of ZnO MFs using (a) UV-Vis; (b) XRD; and (c) FESEM 

Table 1 The detailed position of each plane for XRD 

Plane 2θ (◦) Intensity (a.u) FWHM Crystal size (nm) 

100 31.767 5348.92 0.3936 20.984 
002 34.420 3897.77 0.3346 24.854 
101 36.252 9221.71 0.3840 21.768 
102 47.537 2151.45 0.2160 40.187 
110 56.593 2975.85 0.3360 26.852 

 

3.2 Optical Sensor Testing  
The initial testing involves the optical sensor's capability to detect profenofos and diazinon through optical 
response testing, depicted in Figure 5. Analysis reveals that ZnO in the profenofos and diazinon mediums exhibit 
a diminished response compared to instances of pure ZnO and DIW medium. Notably, a negligible response is 
observed in the case of pure profenofos and diazinon without ZnO, indicating the pivotal role of ZnO in generating 
a distinctive spectral response influenced by changes in the surrounding medium. Detailed information regarding 
the specific starting points of each sample is provided in Table 2, facilitating a comprehensive interpretation of 
the obtained results.  
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Fig. 5 Optical responses in various mediums 

Table 2 The detailed starting point for optical response testing in various mediums 

Medium Starting Point (a.u) 

Pure ZnO 0.634 
ZnO + DIW 0.286 
ZnO + Profenofos 0.266 
ZnO + Diazinon 0.282 
Pure Profenofos 0.010 
Pure Diazinon 0.021 

 
The profenofos are mixed with ZnO MFs as a sensing material and put in the transparent cuvette with a ratio 

of 1 : 5. Sensor testing is systematically conducted across a concentration range spanning from 1 to 10,000 ppm. 
The obtained sensor responses are presented in Figure 6(a), revealing discernible distinctions between 
profenofos and DIW as a reference. Moreover, notable variations in sensor responses are observed in 
correspondence with different profenofos concentrations, validating the functionality of the optical sensor. 
Specifically, the sensor exhibits the lowest starting point with profenofos concentration at 1 ppm, registering at 
0.266 a.u. Conversely, the highest initial reading is recorded with profenofos concentration at 10,000 ppm, 
yielding a value of 0.285 a.u. This condition is influenced by the refractive index change of the targeted analyte, 
leading to stronger light-matter interactions and increasing the optical sensor response [41]. 

Following the acquisition of sensor responses, subsequent data processing involves calculating the Absolute 
Optical Change (AOC) value for profenofos testing. AOC is defined as the absolute difference between the analyte 
absorbance and reference absorbance [42], [43], as illustrated in Figure 6(b). Examination of the AOC values 
reveals that the highest magnitude is attained when profenofos concentration is at 1 ppm. This observation 
signifies that the optical sensor exhibits its maximum performance in detecting profenofos at this concentration 
threshold. The AOC value directly correlates with the sensor’s ability to detect and quantify targeted analyte, with 
a higher value signifies a more sensitive sensor response to the analyte [44]–[46]. 

Next, the diazinon is mixed with ZnO MFs as a sensing material, and the ratio used is 1 : 5. The mixing is done 
to produce the optical phenomenon so that detection can be carried out. The sensor response of ZnO in DIW and 
various concentrations of diazinon is shown in Figure 6c. Based on Figure 6c, this test obtains a different response 
between diazinon and DIW. Furthermore, this test also received a different response when the optical sensor 
detected diazinon with different concentrations, proving that the built optical sensor functioned well in diazinon 
detection. Then, Figure 6d shows the AOC value for diazinon detection. Based on this figure, the maximum AOC 
value is obtained when the diazinon analyte has a concentration of 100 ppm. This result indicated that the optical 
sensor’s maximum performance limit in detecting diazinon is 100 ppm. 
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(a) (b) 

  
(c) (d) 

Fig. 6 Sensor response towards (a -b) Profenofos; and (c -d) Diazinon. Optical response in various concentrations 
shown for (a) Profenofos; and (c) Diazinon. AOC value illustrates for (b) Profenofos; and (d) Diazinon 

 
The 𝑎𝑎-value derived from the linear regression equation 𝑦𝑦 = 𝑎𝑎𝑎𝑎 + 𝑏𝑏, as depicted in Figure 6b for profenofos 

detection, serves as a crucial determinant in assessing the sensitivity of the optical sensor, encapsulating both the 
slope and the intersection point of the sensor response curve. The optical sensor’s sensitivity in detecting 
profenofos is comprehensively documented in Table 3, accompanied by the sensitivity curve illustrated in Figure 
7a. Analysis of Table 3 and Figure 7a reveals that optimal sensitivity is attained when the optical sensor detects 
profenofos at a concentration of 1 ppm. However, sensitivity diminishes as the sensor detects profenofos 
concentrations exceeding 1 ppm.  

The 𝑎𝑎-value from the linear regression equation 𝑦𝑦 = 𝑎𝑎𝑎𝑎 + 𝑏𝑏, obtained in Figure 6d for diazinon detection, is 
used to determine the sensitivity value of the optical sensor because it shows the slope and the intersection point 
of the sensor response. The optical sensor sensitivity in diazinon detection is shown in Table 3, with the sensitivity 
curve shown in Figure 7b. Based on this data, the highest sensitivity is obtained when detecting diazinon in the 
concentration of 100 ppm. Meanwhile, the sensitivity of the optical sensor will decrease in the concentration of 
1,000 ppm and 10,000 ppm. The diazinon test result shows that this system’s Limit of Detection (LoD) is 1 ppm.  

Table 3 Sensitivity of optical sensor towards profenofos and diazinon testing 
Concentration (ppm) Sensitivity towards profenofos 

(× 10−5RIU) 
Sensitivity towards diazinon 

(× 10−5 RIU) 
1 33 36 

10 19 44 
100 15 55 

1,000 17 21 
10,000 8 15 
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Fig. 7 Sensitivity response of each (a) Profenofos; and (b) Diazinon concentration 

Table 4 compares the performance of the optical sensor with chromatography in detecting organophosphate 
pesticides [47]. They modified by equipping the system with a phosphorus flame photometric detector. Even 
though modifications have been made, the required detection time for diazinon is at least 1 hour. Based on this, it 
can be concluded that the optical sensor can be used as an alternative for detecting pesticides and can replace 
conventional methods such as chromatography because short detection time, is cheap, and is easy to use. The 
disadvantages of this system are its low sensitivity and high detection limit value, so the challenge in developing 
this system is increasing sensitivity and reducing the limit of detection to less than 1 ppm. 
 

Table 4 Comparison of several methods in detecting organophosphate pesticide 
Method Detection time LoD Cost Need of experts Remark 
Optical sensor 
(this work) 

1 second 1 ppm Cheap No Simple 

Gas 
Chromatography 
[47] 

> 1 hour 0.3764 ppm Expensive Yes Complicated, analyte 
treatment 

ELISA [13] 2 – 4 hours 0.2 ppm Cheap Yes Complicated, requires 
specific antibody 

Mass 
Spectrometry 
[15] 

> 1 hour - Expensive Yes Complicated, analyte 
treatment 

Electrochemical 
[16] 

15 – 30 minutes 0.0001 ppm Cheap No Simple 

VIS/NIR 
spectroscopy 
[17] 

- 0.01 Cheap Yes Moderate, needs 
calibration 

HPLC [18] > 30 minutes 0.1 Expensive Yes Complicated, needs 
optimization 

4. Conclusion  
An optical sensor for profenofos and diazinon detection has been successfully developed. Leveraging ZnO with a 
microflower morphology as the sensing material, given its inherently high surface area, renders it particularly 
sensitive to the targeted analyte, namely profenofos and diazinon. In the experimental phase, profenofos and 
diazinon concentrations ranging from 1 to 10,000 ppm are selected, yielding distinct optical spectra indicative of 
significant differences across varying concentrations. This compelling evidence underscores the optical sensor's 
efficacy in accurately detecting profenofos and diazinon. Moreover, the LoD for the system is established at 1 ppm, 
affirming its capability to discern minute profenofos and diazinon concentrations. Notably, employing the AOC 
value as a sensing parameter reveals optimal sensitivity at 1 ppm for profenofos and 100 ppm for diazinon, 
indicative of the system's peak response. Consequently, there exists a pertinent need for further development 
targeting organophosphate pesticide concentrations below 1 ppm to bolster comprehensive detection capabilities. 
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