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Abstract—Imidacloprid is a synthetic pesticide used to kill and control insects by cabbage farmers. Consuming cabbage contaminated 

with imidacloprid can cause health problems such as chronic kidney, reproductive disorders and cancer. The parameters for 

degradation of imidacloprid residue in cabbage were processing time (5, 10, 15, 20, and 25 min), water volume (50, 100, 150, and 200 

mL), and sample mass (25, 50, 75, and 100 g). Degradation of imidacloprid residue in cabbage using Advanced Oxidation Processes 

(AOPs) methods such as ozonolysis, sonolysis, and sonozolysis were compared. Methods of ozonolysis, sonolysis, and sonozolysis have 

performed using an ozonicator (ozone dose: 400 mg h-1), sonicator (35 kHz), and a combination of both. Using spectrophotometers UV-

Vis and High-Performance Liquid Chromatography (HPLC) measurements showed a decrease in imidacloprid concentration after 

degradation. The degradation percentage of the imidacloprid residue with ozonolysis was higher than that of sonolysis and sonozolysis. 

The percentage of imidacloprid degradation by ozonolysis in 50 g cabbage at 100 mL of water increased to 82.53% for 15 min. The 

HPLC chromatogram showed no new peaks that formed after degradation. The imidacloprid residue’s degradation kinetics were then 

investigated. For all AOPs methods, the kinetic analysis demonstrated that imidacloprid degradation fit within a first-order kinetic 

model. The kinetic data showed that ozonolysis degraded imidacloprid with a half-life (t1/2) of 15.22 min, shorter than sonolysis and 

sonozolysis.  
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I. INTRODUCTION

In modern agriculture, pesticides are important for 
increasing vegetable output since they monitor and eliminate 
pests, including mosquitoes, rats, fungi, weeds, and bacteria. 
However, as pesticide use has increased, concern about 
adverse effects on non-target organisms, such as humans, has 
grown. Pesticide residues are detrimental to human health, 
inducing tumors, chronic kidney failure, psychiatric 
conditions, and reproductive disorders [1]–[5]. 1-(6-chloro-3-
pyridinylmethyl)-N-nitro-2-imidazolidinimin is the 
molecular name for (imidacloprid) and is one of the pesticides 
that is mostly used. World Health Organization (WHO) states 
that imidacloprid is a pesticide rated as a Class II (moderately 
hazardous) [6]. As a result, consumers are becoming more 
conscious of food quality and safety concerns and the 
importance of being selective about the foods they eat. As a 

result, several governments have enacted laws to prevent only 
nutritious, acceptable-quality food is marketed, reducing the 
risk of food-borne illness [7]. Since 2008, the Indonesian 
National Standard, the overall residual limit of imidacloprid 
is 0.5 mg kg-1 [8].  

Cabbage (Brassica oleracea) is one of Indonesia's most 
popular vegetable crops. Cabbage is high in antioxidants, 
enzymes, potassium, folate, and dietary fiber, both of which 
are beneficial to human health [9]–[12]. Indonesians 
consumed their cabbages raw. Pesticides residue removal by 
tap water, boiling, using sodium bicarbonate solution, acetic 
acid, and detergent solution have been reported in a previous 
study [13]–[16]. Traditional processes, such as removing 
them with tap water, are thought to take a long time and offer 
new pollutants to the environment, whereas removing 
pesticide residue by boiling cannot be reduced significantly. 
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The uses of other chemicals are thought to affect the taste and 
make food more harmful when consumed.  

Advanced Oxidation Processes (AOPs) are a promising 
method to reduce organic compounds like dyes [17], [18], 
medicines [19], and pesticides [20], [21]. AOPs methods such 
as ozonolysis, sonolysis, and sonozolysis can produce 
hydroxyl radicals (•OH) that can be used to breakdown 
compounds into the more simple and environmentally 
friendly compounds (into H2O and CO2) [22], [23]. In this 
study, the imidacloprid residue in cabbage was degraded 
using ozonolysis, sonolysis, and sonozolysis. Processing 
time, water volume, and sample mass were both investigated 
as contributing factors. After each step, the concentrations of 
pesticide residues in the cabbage were analyzed using 
Spectrophotometer UV-Vis and High-Performance Liquid 
Chromatography (HPLC) to see the changes in the 
concentration of imidacloprid residues left. 

II. MATERIALS AND METHOD 

A. Reagents and Materials 

Cabbage samples were obtained in Aia Angek (Sepuluh 
Koto, West Sumatra), wrapped in dark containers, and stored 
in the laboratory refrigerator. Imidacloprid was obtained from 
Klopindo 10 WP (PT. Mitra Kreasidharma, Indonesia), 
acetonitrile HPLC grade (Sigma-Aldrich), and distilled water. 
The structure of imidacloprid is shown in Fig. 1.  

B. Instrumentation 

The spectrophotometer UV-Vis (Shimadzu, Japan) and the 
HPLC (Shimadzu, Japan) were used in this investigation. 
Ozone (O3) was generated using an ozonicator (Hanaco TSH-
278, China) with a 400 mg h-1 ozone dose and a 35 kHz 
sonicator (Krisbow CD-4862, China). 

 
Fig. 1 The structure of imidacloprid 

C. Degradation Treatment 

Imidacloprid residues were degraded by ozonolysis (by 
ozonicator), sonolysis (by sonicator), and sonozolysis 
(combination of ozonicator and sonicator). 100 mL water was 
used to immerse per 50 g of cabbages. The ozonicator and 
sonicator processing times were set at 5, 10, 15, 20, and 25 
min. In the sonozolysis process, ozonicator and sonicator start 
at the same time.  

The optimal volume was measured by immersing 50 g 
samples in 50, 100, 150, and 200 mL of water. The time of 
degradation was adjusted to the optimum time. After that, the 
optimum mass was measured by immersing samples 

weighing 25, 50, 75, and 100 g in water for the optimum 
volume. The time of degradation was adjusted following the 
optimal time.  

The residual was determined before degradation by 
refining each sample. The sample was filtered using Whatman 
filter paper and analyzed with a spectrophotometer UV-Vis at 
a wavelength of 270 nm. The same method was used to 
determine the residual concentration after degradation. The 
percentage of degradation was calculated using the 
absorbance value obtained from the spectrophotometer UV-
Vis, using the equation: 

 %��������	
� = ���
� × 100%  (1) 

Where A0= the initial absorbance of imidacloprid, At= 
absorbance of imidacloprid after the degradation process. 

D. Statistical analysis 

For each method, mean values were calculated from three 
replicate samples (n=3). To calculate Standard Deviation 
(SD) and Relative Standard Deviation (%RSD), values were 
used equation:   

 �� = ������������������������
���  (2) 

 %��� = 100  !
�  (3) 

E. HPLC Conditions 

HPLC was used to determine the changes of imidacloprid 
concentration after degradation. On the reversed-phase Shim 
Pack C18 column (250 mm × 4.6 mm i.d), 10 μL of each 
sample was injected. The mobile phase was acetonitrile: water 
(60:40, v/v), with a flow rate of 1 mL min-1 and UV detector 
wavelength of 270 nm. 

F. Kinetics Calculation 

The following integral first-order kinetics equation was 
used to measure the degradation kinetics: 

 "� 
# = −%� (4) 

The reaction-rate constant is determined by the slope of the 
linear regression line of ln (A/A0) against time. The half-life 
(t1/2) of imidacloprid can be calculated using equation: 

 ��/' = (� '
)  (5) 

Where A0= initial imidacloprid concentration, A= 
imidacloprid concentration after degradation process, t= 
reaction time and k= rate constant.  

III. RESULTS AND DISCUSSION 

A. Effect of Processing Time 

In 50 g of sample and 100 mL of water, the effect of 
processing time (5 - 25 min) was studied. All methods show 
an increase in the percentage of imidacloprid degradation in 
cabbage by increasing the processing time, as describe in Fig. 
2. The sonozolysis method results in the least amount of 
degradation percentage. The sonolysis process has a higher 
percentage of degradation than sonozolysis, and the 
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ozonolysis method has the highest percentage of imidacloprid 
degradation in cabbage. The percentage of imidacloprid 
degradation in cabbage by ozonolysis before 15 min increased 
to 82.50%, but after 15 min the increase was not significant.  

 

 
Fig. 2 The effect of processing time on imidacloprid degradation in cabbage 
(volume= 100 mL, mass= 50 g, ozone dose= 400 mg h-1, ultrasonic 
frequency= 35 kHz) 

 
Two species (O3 and •OH) influence degradation, but •OH 

is more dominant in imidacloprid degradation than O3. •OH 
is a non-selective strong oxidant that can oxidize any organic 
compounds. The chloro-pyridine ring in imidacloprid has also 
been shown to be readily oxidized by •OH [24]. Since the 
more unstable dissolved O3 becomes with, the longer 
processing period, the •OH amount and percentage of 
imidacloprid degradation in cabbage did not increase 
significantly. 

B. Effect of Water Volume 

By 400 mg/h ozone dose in ozonolysis, the effect of water 
volume on imidacloprid degradation in cabbage with 50 g of 
cabbage for 15 min was investigated. With the addition of 
water, the percentage of imidacloprid degradation in cabbage 
initially increased and decreased after reaching the optimum 
condition. According to Fig. 3, the optimum volume is 100 
mL, and the percentage of imidacloprid degradation in 
cabbage obtained was 82.01%. The addition of water reduces 
imidacloprid concentration while increasing •OH production. 
Electron-rich compounds (such as imidacloprid) contribute to 
the formation of a significant amount of •OH. As imidacloprid 
was degraded, this has been generated in competition with 
other reactions [25]. 

 

 
Fig. 3 The effect of water volume on the degradation of imidacloprid in 
cabbage (method = ozonolysis, t = 15 min, mass = 50 g, ozone dose = 400 
mg h-1) 
 

C. Effect of Sample Mass 

Fig. 4 demonstrates the influence of sample mass variance 
on 100 mL of water with 400 mg/h ozone dose by ozonolysis 
for 15 min on the percentage of imidacloprid degradation in 
cabbage. The percentage of imidacloprid degradation 
increased for sample mass of 25 to 50 g. 

 
Fig. 4 The effect of vegetable mass on the degradation of imidacloprid in 
cabbage (method = ozonolysis, t = 15 min, volume = 100 mL, ozone dose = 
400 mg h-1) 

The largest percentage of imidacloprid degradation in 
cabbage was found to be 81.21%. An increase in sample mass 
means that the pesticide concentration also increased. Large 
pesticide concentrations could raise the molar ratio of 
pesticides, thus decreasing the dissolved O3 concentration. 
Khoiriah et al. (2020) found that the percentage degradation 
of diazinon decreased at high concentrations [26]. 

D. Effect of AOPs Methods 

Fig. 5 shows the percentage of imidacloprid degradation in 
50 g cabbage on 100 mL of water using ozonolysis (ozone 
dose = 400 mg/h), sonolysis (ultrasonic frequency= 35 kHz), 
and sonozolysis (combine 400 mg/h ozone dose and 35 kHz 
ultrasonic frequency) processes for 15 min. Ozonolysis 
resulted in the highest imidacloprid degradation than other 
methods. The AOPs methods produce •OH to degrade 
imidacloprid. Ozonolysis produces •OH by breaking down 
H2O molecules with O3, while sonolysis produces •OH by 
breaking down H2O molecules with ultrasound. Sonozolysis 
is a process that combines ozonolysis and sonolysis to obtain 
•OH. The oxidation performance of single oxidizers including 
sonolysis is lower than that of ozonolysis. The degradation of 
pesticides by the AOPs method was assessed similarly to the 
study of Patil et. al. (2014), where a single oxidation method 
like sonolysis is less efficient than other AOPs methods. 
Degradation of imidacloprid using sonication was only 
66,80% [27]. In contrast to multiple reactions, such as 
sonozolysis, must be considered since it may result in 
competition for degrading depend on pH or the presence of 
other inorganic and organic compounds [28]. Following 
ozonolysis, the residual imidacloprid concentrations in 
cabbage were 0.15 mg kg-1. This concentration conforms to 
Indonesian Standard 7313:2008, which states that the 
maximum limit of imidacloprid residue is 0.5 mg kg-1. 

286



 
Fig. 5 The effect of AOPs method on the degradation of imidacloprid in 
cabbage (t = 15 min, volume = 100 mL, mass= 50 g, ozone dose = 400 mg h-

1, ultrasonic frequency = 35 kHz) 

E. Statistical Analysis 

Analyzing these similarly pretreated samples at the same 
time, with the same equipment, and by the same analyst can 
be used to verify precision. The mean of imidacloprid 
degradation in cabbage was found to be 63.22% - 84.18%, 
according to the statistical result shown in Table 1. 

TABLE I 
STATISTICAL DATA FROM AOPS METHODS TO DEGRADE IMIDACLOPRID IN 

CABBAGE (N = 3) 

Methods Mean SD RSD (%) 

Ozonolysis 82.18 1.68 2.04 
Sonolysis 78.65 1.69 2.13 
Sonozolysis 63.22 1.37 2.17 

 
Standard Deviation (SD) and Relative Standard Deviation 

(%RSD) values were 1.37-1.68 and 2.04% - 2.17%, 
respectively. The AOPs method has high precision based on 
SD and %RSD values, suggesting that ozonolysis, sonolysis, 
and sonozolysis are the best methods for degrading 
imidacloprid in cabbage. According to Simoes et al [29], 
these qualities fulfill the imidacloprid pesticide residue 
degradation analysis standards. 

F. Analysis of HPLC 

Fig. 6 shows the HPLC system was used at a detector 
wavelength of 270 nm to observe the change in the 
concentration of imidacloprid residue in cabbage before and 
after degradation. The imidacloprid peaks appeared at a 
retention time of 3.46 min. The peak intensity decreased for 
the degraded imidacloprid residue, indicating a reduction in 
imidacloprid. On the chromatogram, no new peaks were 
found. This means that no intermediate compounds were 
detected when the imidacloprid residue in 50 g of cabbage and 
100 mL of water was treated by ozonolysis for 15 minutes. 

Organic-compounds degradation often assumes the first-
order rule [30]–[32]. The coefficient values (R2) for 
imidacloprid degradation by ozonolysis, sonolysis, and 
sonozolysis were 0.9629, 0.9596, and 0.9305, respectively, 
indicating good linearity (as shown in Fig. 7). As a result, the 
degradation of imidacloprid can be assumed to follow the 
first-order rate law. 

 
 

 
Fig. 6 Chromatogram of (A): imidacloprid, (B): imidacloprid residue in 
cabbage, (C): imidakloprid residue in cabbage after degradation (method = 
ozonolysis, mass = 50 g, volume = 100 mL, t = 15 min) 
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G. Reaction Kinetics 

First-order kinetics data for imidacloprid degradation in 
cabbage are shown in Table 2. The ozonolysis process and the 
sonolysis samples had the shortest (15.22 min) and longest 
(21.59 min) half-lives, respectively. This indicates the 
imidacloprid is very easily degraded chemically by 
ozonolysis [31]. The rate of degradation of the imidacloprid 
residue was 0.0321-0.0447 min-1 in this study. 

 

Fig. 7 First-order kinetics model of imidacloprid in cabbage by AOPs 

TABLE II 
STATISTICAL DATA FROM AOPS METHODS TO DEGRADE IMIDACLOPRID IN 

CABBAGE (N = 3) 

Methods k (min-1) 1/k (min) t1/2 (min) 

Ozonolysis 0.0455 21.97 15.22 
Sonolysis 0.0321 31.15 21.59 
Sonozolysis 0.0447 23.37 15.50 

IV. CONCLUSION 

When ozonolysis was used to degrade imidacloprid, it 
produced a higher percentage of degradation than other AOPs 
methods such as sonolysis and sonozolysis. The imidacloprid 
residue in cabbage can be degraded as much 82.53% by 
ozonolysis for 15 min. The HPLC chromatogram of 
imidacloprid residues in cabbage after degradation showed a 
decrease in peak intensity, indicating that it has been degraded 
and there are no intermediates compounds identified during 
the degradation process. After 15 min ozonolysis process, the 
remaining imidacloprid concentration in cabbage is 0.15 ppm, 
less than the Indonesian National Standard 7313: 2008.   
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