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ABSTRACT: Chlorpyrifos, a type of organophosphate insecticide, is widely used to destroy pests in the 

tangerine orchard to reduce the loss and maintain the quality of fruit. Consequently, the application of 

insecticides during production leads to the insecticide residues problem in tangerine that can be dangerous to 

human health. This study investigated the effect of ozone microbubbles (OMBs) on the removal of 

chlorpyrifos residues in the fruit. Tangerines were sprayed with chlorpyrifos solution at a concentration of 10 

minutes. Then, they were treated with OMBs at different temperatures (15, 20 and 25 ºC) for various 

exposing times (0, 10, 20, 30, 40, 50 and 60 minutes). Removal percentage of chlorpyrifos residues in 

tangerines was determined by gas chromatography-flame photometric detector (GC-FPD). The results 

showed that chlorpyrifos residues in tangerines were decreased at lower water temperature, especially at 15 

ºC resulting in the removal up to 81% after treating with OMBs for 30 minutes when compared to control 

(distilled water). After that, the fruits were stored at 25 ºC for 7 days to determine quality changes. The 

percentage of weight loss, total soluble solids (TSS), titratable acidity (TA), disease incidence and ascorbic 

acid content in all treatments were not affected by OMBs. These results demonstrate that OMBs treatment at 

15 ºC is the most effective treatment for removing chlorpyrifos residues in tangerine and have no effects on 

the fruit quality. 
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1. INTRODUCTION 

 

Chlorpyrifos, a type of organophosphate 

insecticide, is widely used to destroy pests in the 

tangerine orchard to reduce the loss and maintain 

the quality of fruit. Consequently, the application 

of insecticides during production leads to the 

insecticide residues problem in tangerine that can 

be dangerous to human health such as 

neurotoxicity, immunotoxicity and reproductive 

toxicity [1]. The report from the Regional 

Environment Office, Chiang Mai, Thailand 

showed that tangerine fruit in northern Thailand 

had chlorpyrifos residue exceeded the Maximums 

Residue Limits (MRLs). The residue problem is 

rather serious and concern both growers and 

consumers[2]. Moreover, Thai Pesticide Alert 

Network reported that tangerine in northern 

Thailand had chlorpyrifos insecticide residues 

more than 1.0 mg/L and this exceeded the 

Maximums Residue Limits (MRLs) [3]. This leads 

to possible chronic or acute health risk for 

consumers. Therefore, there is a requirement for 

effective oxidation technology such as ozone 

microbubbles that has been applied for removing 

insecticide residues in tangerine. 

 

Ozone is environmentally friendly and 

confirmed as a Generally Recognized As Safe 

(GRAS) for food contact application. Ozone is a 

powerful oxidant with a wide range of sanitizing 

application. Due to its instability with a half-life of 

20-30 minutes in distilled water at 20 ºC [4], it 

degrades quickly into oxygen and leaves no 

residues after application [5]. Ozone has been used 

as a sanitizer in food surface hygiene and to extend 

the shelf life of many postharvest agricultural 

products [6]. Moreover, it was found that oxidation 

by ozone is an effective treatment to degrade the 

insecticide residues on agricultural products [7]. 

For example, Whangchai et al. [8] reported that 

using ozone gas for 60 minutes can reduce 45% 

chlorpyrifos insecticide on lychee fruits without 

changes in fruit quality. Kusvuran et al. [9]  found 

that fumigation with 10 minutes of ozone gas for 5 

minutes can reduce the tetradifon and chlorpyrifos 

insecticides on the surface of citrus fruits in the 

ratio of 100% and 98.6% respectively and Wu et al. 

[10]. stated that low level dissolved ozone (1.4 

mg/L) was able to reduce diazinon, parathion and 
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methyl parathion insecticide residues in Pak Choi 

(Brassica rapa) in 30 minutes. Heleno et al. [11]  

suggested that washing table grapes that 

contaminated with chlorothalonil insecticide using 

the ozonated water for 60 min reduced residues 

about 60%. Nevertheless, the low water solubility 

and rapid degradation of ozone are problems for an 

attack on insecticide molecules. 

Ozone microbubbles (OMBs) is a good 

alternative technique that can transform ozone gas 

into micro-size bubbles (less than 10 µm) in the 

water. These micro-bubbles can keep the ozone 

inside for a longer period and they will be slowly 

floated up to the water surface that increased the 

dissolving potential of ozone. In this process, the 

surface of microbubbles will be surrounded by 

anionic molecules, therefore they will not be 

combined together to form big- bubbles. Likewise, 

the microbubbles enhance the oxidizing efficiency 

of the ozone which helps to destroy the insecticide 

structures [12]-[14]. It has been reported that 

OMBs removed water pollutants (ammonia and 

diethyl phthalate) from wastewater in a pilot plant 

[15], [16]. Furthermore, Ikeura et al. [17] found 

that sanitizing with OMBs (2 mg/L) for 20 minutes 

could reduce the fenitrothion insecticide residues 

in lettuce, cherry tomatoes and strawberries with 

no effect on product quality. Therefore, the 

objective of this research is to study the effect of 

OMBs with various temperatures on the 

chlorpyrifos insecticide removal in tangerine cv. 

Sai Nam Phueng. 

 

2. MATERIALS AND METHODS 

 

Chemicals Preparation 

 

Standard chlorpyrifos insecticide was 

purchased from Sigma-Aldrich Laborchemikalien 

GmbH (Stienheim, Germany) with 99% purity. 

Standard chlorpyrifos insecticide stock solution 

(1000 mg/L) for the insecticide residues analysis 

was prepared in acetone. The chlorpyrifos 

insecticide solution was diluted with distilled 

water to appropriate working concentrations. 

 

Ozone Microbubbles Preparation 

 

The OMBs used ozone generator (Ozonizer, 

Model SO5AE) and microbubbles water generator 

(Model 15KED02S, Nikuni Co., Ltd., Japan) at a 

flow rate of 7L/minute with an internal pressure of 

0.25 MPa for distilled water. OMBs water came 

out from the microbubbles nozzle and circulated in 

the microbubbles bath. 

 

2.1 Effect of Ozone Microbubbles on the 

Removal of Standard Chlorpyrifos Insecticide 

at Different Temperatures and Exposing Times 

 

The optimum condition for the removal of 

chlorpyrifos insecticide using OMBs water was 

determined at various conditions at different 

temperatures (15, 20 and 25 ºC) and various 

exposing times (0, 10, 20, 30, 40, 50 and 60 

minutes). Standard chlorpyrifos insecticide 

solution was prepared in the flask. Each standard 

chlorpyrifos insecticide solution sample was added 

with 20 ml of OMBs water treatment previously 

mentioned and distilled water (control). The 

concentration of dissolved ozone was determined 

by an ozone solution detector (Prominent 

Dulcotest DT1B photometer) and the removal 

percentages of each standard chlorpyrifos 

insecticide sample were determined by gas 

chromatography-flame photometric detector (GC-

FPD). 

 

2.2 Ozone Microbubbles Treatment on the 

Removal of Chlorpyrifos Insecticides and 

Postharvest Quality Changes in Tangerine 

 

Organic tangerines (Citrus reticulata Blanco cv. 

Sai Nam Pueng) were purchased from the orchards 

in Mae Tang district, Chiang Mai Province, 

Thailand. The fruits were sorted for free of the 

wound from harvesting and insect bites. Each fruit 

sample was sprayed with 10 mg/L chlorpyrifos 

insecticide solution and then air dried at room 

temperature. Then, they were sanitized in OMBs 

with the same conditions as the best result from the 

above Experiment. After that, they were divided 

into 2 groups.   

 

2.1.1 The removal of chlorpyrifos insecticides on 

tangerine 

Insecticide residues of tangerine were extracted 

with the Agilent Quick, Easy, Cheap, Effective, 

Rugged and Safe (QuEChERS) extraction kit. 

Then the samples were analyzed insecticide 

residues by GC-FPD to determine the removal 

percentage of chlorpyrifos insecticide. 

 

2.1.2 Postharvest quality changes in tangerine 

Tangerines were stored at 25 ºC and taken 

every day for 7 days to determine the fruit quality. 

The percentage of weight loss, total soluble solids 

(TSS), titratable acidity (TA), disease incidence 

and ascorbic acid content were measured. 
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Statistic Analysis 

 

All the experiments were replicated 3 times 

and evaluated with regression procedure using the 

SPSS version 17, while the differences among 

various treatments by Duncan’s New Multiple 

Range test (p<0.05). 

 

3. RESULTS AND DISCUSSION 

 

3.1 Effect of Ozone Microbubbles on the 

Removal of Standard Chlorpyrifos Insecticide 

at Different Temperatures and Exposing Times 

 

The concentration of dissolved ozone in water 

was determined using an ozone solution detector 

(Prominent Dulcotest DT1B photometer). It was 

found that OMBs treatments at 25 ºC obtained the 

concentration of 0.22, 0.24, 0.29, 0.24, 0.26 and 

0.29 mgO3/L, at 20 ºC obtained the concentration 

of 0.25, 0.30, 0.35, 0.30, 0.30 and 0.35 mgO3/L 

and at 15 ºC obtained the concentration of 0.49, 

0.53, 0.61, 0.52, 0.48 and 0.48 mgO3/L at 10, 20, 

30, 40, 50 and 60 minute, respectively (Fig. 1). 

The dissolved ozone concentration of OMBs 

treatment was increased when exposure time 10-30 

minutes and then they were stabled during 

experiment times. All OMBs treatment at 15 ºC 

obtained the concentration of dissolved ozone 

more than at 20 and 25 ºC. Due to the low 

temperature may increase the dissolved ozone in 

water, while the high temperature increases the 

chemical reaction between substrate and oxidant, 

but decrease the dissolved ozone in water [18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Concentration of dissolved ozone after 

OMBs at different temperatures and 

exposing times 

 

The effect of OMBs to remove the standard 

chlorpyrifos insecticide solution was also 

examined. It was found that the removal 

percentage of standard chlorpyrifos insecticide was 

significantly induced with low temperature and 

prolonged OMBs exposure time for 30 minutes. 

Furthermore, OMBs at 15 ºC for 30 minutes was 

the most effective treatment for removing standard 

chlorpyrifos insecticide residues,  insecticide 

removal was 42%. But, the trend of standard 

chlorpyrifos insecticide residues removal 

percentage after exposure time for 40-60 minutes 

in all OMBs treatment was decreased. There were 

significant (P<0.05) difference in each OMBs 

treatment (Fig. 2).   

Ozone is a powerful oxidant, probably 

modified the chemical structure of chlorpyrifos 

insecticide by oxidizing sulfate ion in 

thiophosphorile bonds (P=S) of chlorpyrifos 

insecticide into phosphorile bonds (P=O) [19], 

[20]. And, decreasing of ozonated water 

temperature cause a positive effect on the removal 

percentage of organophosphate insecticides [21]. 

Moreover, microbubbles have a high surface area, 

which can maintain the ozone for a long time. In 

addition, the usefulness effect of low OMBs water 

temperature may be due to the increasing dissolved 

ozone in water, which enhance the oxidizing 

efficiency of the OMBs to collapse with 

insecticide structure [22]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Removal percentage of standard 

chlorpyrifos solution after OMBs treatment 

at different temperatures and exposing 

times 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Removal percentage of chlorpyrifos in 

fruit after OMBs at different temperatures 

and exposing times. 
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Table 1 Changes in the percentage of weight loss, TSS, TA, disease incidence and ascorbic acid content of 

tangerine after sanitizing with ozone microbubbles at 15
o
C for 60 minutes, and storage at 25 ºC for 7 

days 

 

Note: The data followed by the same letter within the column are not significantly different (P<0.05) 

 

 

3.2 Ozone Microbubbles Treatment on the 

Removal of Chlorpyrifos Residues and 

Postharvest Quality Changes in Tangerine 
 

Tangerines were sanitized in OMBs treatment 

in order to remove residual chlorpyrifos 

insecticide. The results showed that OMBs at  

15 ºC for 30 minutes was the most effective to 

remove chlorpyrifos insecticide from tangerine 

that related to a concentration of dissolved ozone. 

It was found that the chlorpyrifos residues on fresh 

tangerine showed the highest removal percentage 

of chlorpyrifos residues (81%) with significant 

(P<0.05) different when compared with individual 

treatment and the control, which was sanitized in 

distilled water (Fig. 3). 

This trend could be explained by the reaction 

of OMBs with low temperature increasing 

dissolved ozone in the water leading to high 

hydroxyl radical producing, which effectively 

distinguished chlorpyrifos residues on the 

tangerine surface. Similarly, Wu et al. [10] 

reported that application of the ozonated water at 

14 ºC for insecticide removal from Pak Choi 

(Brassica rapa) was more effective than at 24
 
ºC. 

Thus, this research showed that the efficiency 

of OMBs on chlorpyrifos insecticide removal 

depended on the decreasing of the temperature of 

OMBs water and exposure times. The temperature 

of OMBs water related to the efficacy of dissolved 

ozone in water. Therefore, the low temperature 

could increase the ability of dissolved ozone in 

water. 

The postharvest quality changes in the 

tangerine after sanitizing with OMBs treatment, 

and then storing at 25 ºC and taken every day for 7 

days were concluded and shown in Table 1. All 

treatments had non-significant differences as fruit 

quality changes during storage at 25 ºC for 7 days. 

The percentage of weight loss, TSS, TA, disease 

incidence and ascorbic acid content in all treatment  

 

were not significant changes during storage in all 

the treatments. Similarly, treatment of vegetables 

such as arugula, bell pepper, cabbage, carrot, 

cucumber, leek, parsley and tomatoes with 

ozonated water at 25 ºC can remove chlorpyrifos 

insecticide residues higher than at 35 ºC without 

changing in antioxidant capacity, total phenolic 

and ascorbic acid [23]. Qiang et al. [24] reported 

that ozone treatment could reduce the decay rate 

and respiratory intensity, maintain color, and delay 

softening of mulberry fruit, thus extending their 

shelf-life during refrigerated storage. Moreover, 

Lauana et al. [25] reported that after sanitized 

carrots with ozone did not change its 

characteristics (weight loss percentage, firmness 

and color) but increase in soluble solids during 

storage, thereby increasing the shelf life of carrots. 

 

4. CONCLUSION 

 

OMBs at different temperatures had effects 

on the removal of chlorpyrifos insecticide. The 

exposure times of OMBs at 15 ºC for 30 minutes 

provide the best result on the removal of 

chlorpyrifos insecticide (81%) in tangerine and 

have no effects on the fruit quality. 
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