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A B S T R A C T   

High pesticide residues in fresh produce is a serious food safety issue. This study was aimed at assessing the 
pesticides residues in some important vegetables and fruits marketed in Faisalabad, Pakistan and the impact of 
sonolytic ozonation (O3/US) treatment in removing these contaminants. From a short grower’s survey, five 
registered and mostly used pesticides (acetamiprid, carbendazim, imidacloprid, thiacloprid and thiamethoxam) 
were identified. A time optimization trial of O3/US application (05, 10 and 15 min) on okra, showed that 10 min 
treatment significantly reduced three identified chemicals (thiamethoxam 100 %, imidacloprid and thiacloprid 
97.17 %), without any adverse effect on its quality. In follow up trial, five fresh vegetables (cauliflower, chillies, 
cucumber, spinach and tomato) three fresh fruits (grapes, guava and peach) collected from three markets of 
Faisalabad, were pooled together to have uniform samples. Vegetables and fruits were treated with O3/US for 10 
and 6 min, respectively, along with control (simple tap wash) for determining the impacts on pesticides 
degradation. Samples were processed for extraction, clean up and analysis using HPLC-UV–Vis in isocratic mode. 
The data revealed the presence of five mentioned chemicals, with an accumulative mean residue of 9.006 and 
1.921 µg/g in tested vegetables and fruits, respectively. After subjecting to O3/US, the accumulative chemical 
residues were reduced to 3.214 µg/g (64.313 %) and 1.064 (44.6 %) in treated vegetables and fruits respectively. 
Irrespective of fresh produce, the mean residues of thiamethoxam, imidachloprid, acetamiprid and thiachloprid 
and carbendazim were reduced by 99.3 %, 52.6 %, 65.2 %, 87.3 % and 72% respectively. It was concluded that 
sonolytic ozonation treatment was effective in significant reduction of pesticide residues from vegetables and 
fruits and thus can be employed as a good food safety practice at culinary level to reduce the associated health 
hazardous risks.   

1. Introduction 

Food security and food safety are emerging concerns globally 
because of increasing population and the requirement of producing food 
to feed the burgeoning population [1]. While the use of pesticides is 
playing an important role for increased yield of horticultural crops but 
the presence of their chemicals residues above maximum residues 
levels/limits (MRLs) significantly affect the human and animal health 
[2–5]. Further, the use of pesticides on horticultural crops pollutes the 

environment as well as leave terminal degradation products in food 
inducing carcinogenic, teratogenic and immunosuppressive effect in 
human beings [6–10]. Evidence of higher pesticide residues were found 
in different commodities [3,6,11], which cause several health- 
hazardous issues [12–15]. A study in India, gave critical data on the 
residue status of commonly used pesticides (chlorpyrifos and carbo-
furan), in some regularly utilized vegetables in Hyderabad indicating 
presence of conceivably toxic pesticides, linked to their high application, 
which needs to be controlled [16]. The use of pesticides beyond the limit 
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has resulted in the accumulation of heavy amount of organophosphate 
and organochloride residues in fruits and vegetables; available for 
human consumption [15–18]. 

Most commonly used pesticides are: parathion methyl and dimeth-
oate (organophosphates), considered as genotoxic, since their con-
sumption causes DNA damage in human lymphocytes [19]; residues of 
chlorpyrifos indirectly affects neurodevelopment [20] and is also 
considered carcinogenic for living beings [6,21]. These residues vastly 
becoming the part of our food supply chain system [22] and adversely 
affects the human blood circulatory system [23] after consumption of 
fresh produce. It is assumed that neonicotinoids and carbendazim are 
extensively used against sucking insects and a range of fungal diseases 
respectively, in fruits and vegetables and their high residues have been 
reported in different countries [2,15,24–29]. Several techniques have 
been researched to diminish pesticide residues in fruits and vegetables 
[30–32]. These techniques include thermal treatment, chlorination, 
cerium oxide, O3 + Chlorine and UV/H2O2 treatments [2,33–35] etc. 
Ozone has also been used to decontaminate fresh produce in a gaseous 
form or in the combination with chlorine or O3/UV [30,31,36]. Ozone in 

combination with ultrasound waves (sonolysis and ozonation) has been 
tested to remove chemicals in wastewater [37,38].Ozone microbubbles 
(500 ppm concentration for 10 min) has been used to decontaminate 
Fenitrothion in lettuce, cherry tomato and strawberry up to 33, 84 and 
62 %, respectively [39]. Likewise raw cucumber when spiked in ultra-
sonic bath for 5, 10 and 20 min, showed significant reduction in 
trichlorfon (82.9 %), dimethoate (52.2 %), dichlorvos (49.8 %), feni-
trothion (84.4 %) and chlorpyrifos (63.0 %) [40] with 20 min treatment. 

However, previously very limited or almost no work has been done 
on degradation of pesticides residues of fresh produce with combined 
application of ozone and ultrasound (O3/US), both considered as eco-
friendly techniques. Further, since it is hard to eliminate pesticides use 
in commercial production of vegetables and fruits or setting up mass 
scale chemical residues testing system in commercial supply chains, 
especially in developing countries, it warrants to explore certain options 
to reduce these chemicals, at terminal stage of supply chain (Kitchen 
level, before use). Therefore, this study was planned to evaluate the 
efficacy of combined application of ozone and ultrasound (O3/US) in 
reducing pesticide residues of selected fresh vegetables and fruits. 

2. Material and methods 

2.1. Study site 

The study was carried out at Postharvest Research and Training 
Centre (PRTC), University of Agriculture (UAF), Faisalabad, Pakistan. 
Random samples of fresh vegetables (okra, spinach, tomato, cucumber, 
cauliflower and chillies) and fruits (peach, grapes and guava) were 
purchased from three local markets of Faisalabad, during their optimum 
time of availability. The analysis of pesticides was performed at Food 
Toxicology Laboratories, Nuclear Institute of Agriculture and Biology 
(NIAB) Faisalabad, Pakistan, and confirmation of pesticide residues was 
carried out at National Institute of Biology and Genetic Engineering 
(NIBGE), Faisalabad, Pakistan. 

2.2. Treatment 

Experiment 1: Sonolytic ozonation time optimization trial 
Among selected vegetables and fruits, okra (Abelmoschus esculentus) 

was identified having greater number of pesticide sprays (Table 1) and 
chosen for O3/US time optimization trial. Samples collected from three 
markets were pooled and divided into two halves. Half of the pooled 
sample of each produce was treated with combined application of ozone 
and ultrasound (O3 ≥ 0.3–0.4 mg.L− 1 + 40 kHz US) (Sonolytic ozona-
tion) for 5, 10 and 15 min, using a small O3/US Vegetable & Fruit 

Fig. 1. KD-6002 working principle.  

Table 1 
Background information related to selected fruits and vegetables from Faisala-
bad market.  

Commodity Botanical 
name 

Family Area for 
market 

*G. Avg. 
Edu. 

*N. 
P. S 

Okra Abelmoschus 
esculentus 

Malvaceae PUA Primary 4 ±
1 

Spinach Spinacia 
oleracea 

Amaranthaceae PUA Secondary 2 ±
1 

Tomato Solanum 
lycopersicum 

Solanaceae PUA Primary 3 ±
1 

Cucumber Cucumis 
sativus 

Cucurbitaceae PUA Primary 2 ±
1 

Cauliflower Brassica 
oleracea 

Brassicaceae PUA Secondary 3 ±
1 

Chillies Capsicum 
annuum 

Solanaceae PUA Primary 3 ±
1 

Grapes Vitis vinifera Vitaceae DR Secondary 2 ±
1 

Guava Psidium 
guajava 

Myrtaceae PUA Primary 2 ±
1 

Peach Prunus persica Rosaceae DR Primary 2 ±
1 

*PUA = Peri-urban area of Faisalabad. 
*DR = Distant regions. 
*G. Avg. Edu = Grower’s Average Education. 
*N. P. S = Number of Pesticide Sprays. 
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Sterilizer unit (Model KD-6002, Guangdong GT Ultrasonic Co., Ltd., 
China) (Fig. 1), while remaining half samples were kept as untreated 
(simple tap water wash). Samples of approx. 1 kg (in triplicate) were air 
dried and then blended using high speed blender (Mix 2000, Braun 
Germany), to get homogenized samples and packed in zipper bag along 
with identification code and stored in freezer (-4 ℃) for further analysis 
(pesticide residues). 

Experiment 2: Impact of sonolytic ozonation on pesticides degradation in 
selected vegetables and fruits 

Based on the outcomes of experiment 1, literature review and O3/US 
impacts on microbial disinfestation and quality (results not shown), the 
selected vegetables (spinach, tomato, cucumber cauliflower and chillies) 
and fruits (peach, grapes and guava), were subjected to O3/US treatment 
for 10 min and 06 min, respectively, and samples were stored in freezer 
(− 4 ◦C) as detailed above. 

2.3. Solvent and reagent 

Ethyl acetate, Methanol and acetonitrile HPLC grade were purchased 
from Sigma-Aldrich (MERCK group, St. Louis, Missouri, US). Sodium 
chloride, Sodium sulphate anhydrous were purchased (UNI-CHEM- 
Chemical Reagent), certified reference standard of acetamiprid, car-
bendazim, imidachloprid, thiacloprid, thiamethoxam (Dr. Ehrenstorfer, 
Augsburg, Germany). Stock solution of each standard was prepared in 
acetonitrile (1000 µg ml− 1) and stored at 4 C in refrigerator [41]. 

2.4. Sample preparation 

Samples were taken out from the freezer and thawed at ambient 
conditions. After thawing, accurate weight (50 g) of each sample was 
taken in Erlen myer glass flask, added sodium chloride (5 %) and sodium 
sulfate anhydrous (20 %) along with 70 ml ethyl-acetate as extracting 

Fig. 2. Pesticides residues in untreated (control) samples of different vegetables (okra, spinach, tomato, cucumber, cauliflower and chillies) and fruits (grapes, guava 
and peach) and collected from different Faisalabad markets, Vertical bars represent ± SEM (n = 3). 

Fig. 3. Potential evaluation of sonolytic ozonation (O3/US) 5, 10 and 15 min treatment on okra (Abelmoschus esculentus) in pesticides residue reduction. Vertical bars 
represent ± SEM (n = 3). 
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solvent. These flasks were shaken in a horizontal shaker (GFL shaker, 
Germany) at medium speed (50 rpm) for 1 h. The samples were taken 
out from shaker and filtered by whatsman no. 1 filter paper. The colored 
extracts were passed through the activated charcoal column and the 
filtrate was evaporated to dryness with rotary evaporator (011, Buchi, 
Switzerland) under reduced pressure. Then residues were dissolved in 2 
ml ethyl-acetate, evaporated to dryness under nitrogen stream and re- 
dissolved the residue in 0.5 ml acetonitrile vortexed (Thermolyne, 
Switzerland) and analyzed. The sample was filtered through syringe 
filter (0.45 µm) and analyzed for the presence of pesticide residues using 
a High-Performance Liquid Chromatograph (HPLC) [42]. 

2.5. Pesticides detection and quantification 

Pesticide residues analysis were performed by HPLC (LC-10, Shi-
madzu, Japan), equipped with UV visible detector SPD-10A, delivery 
pumps (LC-10AS), column oven CTO-10A, system controller unit SCL- 
10A, injector 20 µl (Reodyn, USA), and signal was received through 
Communication Bass Module (CBM-10A). The analytical column was of 
Discovery Supelco C18 (250×4.5 mm, 5 µm particle size) fixed at 246 
nm wavelength the mobile phase was the mixture of acetonitrile, double 
distilled water and phosphoric acid maintaining the pH at 4.0. The flow 
rate of the mobile phase was maintained at 1.5 ml/min along with 
column temperature at 30 ○C. Certified reference standards were used to 
test HPLC performance parameters which showed linear behaviour with 
regression coefficient (R2 0.9979). The pesticide residue was confirmed 
by LCMS-MS at selective ion monitoring mode (SIM) QTL, Thermo, USA. 
[41]. 

2.6. Statistical analysis 

Simple CDR was used to conduct the experiment, ANOVA was 
applied to evaluate the significance level (P ≤ 0.01) of treatments, using 
statistics 8.1 software (Statitix 8-Analytical software). LSD was used to 
reveal significance of treatment means (3 replications). 

3. Results 

This study comprised of two phases. In first phase, a short survey of 
growers having reference vegetables (okra, spinach, tomato, cucumber, 
cauliflower and chillies) and fruits (guava, grapes and peaches) was 
conducted. Growers were contacted to get some background informa-
tion, especially about the use of pesticides on reference crops. Brief in-
formation is presented in Table 1, which showed that majority of the 
farmers have limited education and were using 2–3 sprays (on the 
average) of pesticides on reference crops. Maximum number of sprays 
(approx. 4 ± 1) was done on okra crop. The pesticides commonly used 
included four neonicotinoids (neuro- active insecticides) named thia-
methoxam, imidacloprid, acetamiprid and thiacloprid, while fifth was 
benzimidazoles (fungicide) known as carbendazim (Fig. 2). 

During the second phase, two experiments on sonolytic ozonation 
effects on pesticides degradation in selected vegetables and fruits were 
performed, and results are discussed as below. 

Experiment 1. Sonolytic ozonation time optimization trial. 
Statistical analysis of data pertaining to pesticides residues in okra 

samples revealed that in control samples (tap water), three pesticides 
were detected out of the five targeted, with accumulated chemical res-
idues load of 2.241 µg/g. the three chemicals in ranked order were 
imidacloprid (1.35 ± 0.009 µg/g), thiacloprid (1.06 ± 0.0012 µg/g) and 
thiamethoxam (0.004 ± 0.0001 µg/g). There was significant reduction 
of pesticide residues in samples treated with O3/US and the impact 
increased with increasing time of application (Fig. 3). Combine appli-
cation of O3/US for 5 min, resulted in 100 % reduction in thiamethoxam, 
55.56% reduction in imidacloprid and 57% reduction in thiacloprid. O3/ 
US 10 min further reduced chemical residues (Thiamethoxam 100 %: 
Thiacloprid 97.17 %: Imidacloprid 77.78 %). With 15 min ozone and Ta
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ultrasound treatment, there was 100% reduction in thiamethoxam and 
thiacloprid, while 98.23 % in imidacloprid, however, 15 min treated 
okra showed brown patches once kept at refrigerate conditions. There-
fore, 10 min treatment time was considered as optimum. 

Experiment 2. Impact of Sonolytic ozonation on pesticides degradation in 
selected vegetables and fruits 

Vegetables and fruits samples were treated with O3/US (10 min for 
vegetables and 6 min for fruits), as explained in materials and methods. 
HPLC analysis showed that all untreated fruits and vegetable samples 
were contaminated with indicated pesticides (Table 2), as simple tap 
washing of fruits and vegetables was not enough to remove pesticides 
residues. Among detected chemicals the highest residues were quanti-
fied for imidacloprid, while cauliflower (3.3 µg/g), and peach (1.45 µg/ 
g) had maximum accumulative pesticides load, among tested vegetables 
and fruits respectively. 

Overall, among all samples, mostly detected pesticides were found 
beyond the safe level of MRLs (EU, 2019). Thiamethoxam was found in 
spinach, cucumber, cauliflower, chillies, and grapes, among them its 

residues were found above the MRLs standards except in grapes. Imi-
dacloprid was detected in spinach, tomato, cucumber, cauliflower, 
guava and peach, beyond MRLs standards in all reference crops. Like-
wise, acetamiprid was also found in spinach, cucumber, chillies and 
grapes, above MRLs standards. Thiacloprid was found in cucumber, 
cauliflower and guava, while among these commodities except guava 
others were found above the MRLs standards. Carbendazim was found in 
cucumber and cauliflower, and both were found above the MRLs stan-
dards (EU, 2019) (Table 2). 

Ozone and ultrasound (O3/US) applied in an aqueous media as a 
sterilized wash (discharging ≥ 0.3–0.4 mg.L− 1 ozone and 40 kHz ul-
trasound waves) for 10 and 6 min for vegetables and fruits, respectively 
showed significant reduction in pesticide residues (Table 3). 

Among vegetables, control and okra residues results were obtained 
from Exp. 1, in which overall detected pesticides in control samples were 
2.414 and O3/US 10 min reduces 86.33%, while in spinach samples, 
thiamethoxam, imidacloprid and acetamiprid were detected in homog-
enized market samples with residues of 0.075 ± 0.001, 1.108 ± 0.002 

Table 3 
Pesticide residues in reference fruits & vegetables.  

Group Commodity Pesticides detected Control (µg/g ± S.E) Treated (µg/g ± S.E) Reduction (%) T.A.P Control (µg g) T.A.P. Treated (µg/g) 

Vegetable Okra Thiamethoxam 0.004 ± 0.0001 0 100  2.414 0.330b   

Imidacloprid 1.35 ± 0.009 0.3 77.78     
Acetamiprid 0 0 0     
Thiacloprid 1.06 ± 0.0012 0.03 0     
Carbendazim 0 0 97.17    

Spinach Thiamethoxam 0.075 ± 0.001 0 100  0.943 0.122 a   

Imidacloprid 1.108 ± 0.002 0.072 ± 0.002 91.21951     
Acetamiprid 0.02 ± 0.012 0 100     
Thiacloprid 0 0 0     
Carbendazim 0 0 0    

Tomato Thiamethoxam 0 0 0  1.22 0.93 e   

Imidacloprid 1.22 ± 0.012 0.93 ± 0.006 23.77049     
Acetamiprid 0 0 0     
Thiacloprid 0 0 0     
Carbendazim 0 0 0    

Cucumber Thiamethoxam 0.08 ± 0.006 0 100  0.493 0.122b   

Imidacloprid 0.15 ± 0.029 0.068 ± 0.002 54.67     
Acetamiprid 0.1 ± 0.029 0.028 ± 0.001 72     
Thiacloprid 0.003 ± 0.001 0 100     
Carbendazim 0.16 ± 0.029 0.026 ± 0.009 83.75    

Cauliflower Thiamethoxam 0.34 ± 0.023 0 100  3.33 1.61c   

Imidacloprid 2.78 ± 0.052 1.55 ± 0.058 44.24     
Acetamiprid 0 0 0     
Thiacloprid 0.14 ± 0.003 0.03 ± 0.001 78.57     
Carbendazim 0.04 ± 0.007 0.03 ± 0.003 25    

Chillies Thiamethoxam 0.036 ± 0.002 0 100  0.376 0.15c   

Imidacloprid 0 0 0     
Acetamiprid 0.34 ± 0.006 0.15 ± 0.003 55.88235     
Thiacloprid 0 0 0     
Carbendazim 0 0 0   

Fruits Grapes Thiamethoxam 0.006 ± 0.0002 0.004 ± 0.0005 33.33  0.058 0.004 a   

Imidacloprid 0 0 0     
Acetamiprid 0.052 ± 0.001 0 100     
Thiacloprid 0 0 0     
Carbendazim 0 0 0    

Guava Thiamethoxam 0 0 0     
Imidacloprid 0.043 ± 0.001 0 100  0.413 0.14c   

Acetamiprid 0 0 0     
Thiacloprid 0.37 ± 0.001 0.14 ± 0.003 62.16     
Carbendazim 0 0 0    

Peach Thiamethoxam 0 0 0     
Imidacloprid 1.45 ± 0.006 0.92 ± 0.005 36.55  1.45 0.92 d   

Acetamiprid 0 0 0     
Thiacloprid 0 0 0     
Carbendazim 0 0 0   

T.A.P = Total amount of Pesticide. 
a
= more than 90 % reduced. 

b = more than 70 % reduced. 
c = more than 50 % reduced. 
d = more than 30 % reduced. 
e = less than 30% reduced. 
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and 0.02 ± 0.012 µg/g, respectively. While after treatment with O3/US 
for 10 min, significant reduction was observed in thiamethoxam, imi-
dacloprid and acetamiprid concentration up to 100, 91.2 and 100 % 
respectively. In tomato, imidacloprid was detected in representative 
homogenized market samples with mean chemical residues of 1.22 ±
0.012 µg/g and when treated with the O3/US for 10 min, there was 
significant reduction (27.77 %) in chemicals (pesticide degradation) to 
the level of 0.93 µg/g. In cucumber, thiamethoxam, imidacloprid, 
acetamiprid, thiacloprid and carbendazim were detected in homoge-
nized market samples with chemical residues of 0.08 ± 0.006, 0.15 ±
0.029, 0.1 ± 0.029, 0.003 ± 0.001 and 0.16 ± 0.029 µg/g, respectively. 
While significant reduction was observed in thiamethoxam, imidaclo-
prid, acetamiprid, thiacloprid and carbendazim concentration up to 100, 

54.67, 72 100 and 83.75 % respectively, after treatment with O3/US for 
10 min. In cauliflower, thiamethoxam, imidacloprid, thiacloprid and 
carbendazim were detected in homogenized market samples with the 
concentration of 0.34 ± 0.023, 2.78 ± 0.052, 0.14 ± 0.003 and 0.04 ±
0.007 µg/g respectively. While O3/US treatment for 10 min resulted in 
significant reduction in thiamethoxam, imidacloprid, thiacloprid and 
carbendazim concentration up to 100, 44.25, 78.57 and 25% respec-
tively. In case of chillies, thiamethoxam, and acetamiprid were detected 
in homogenized market samples with residues level of 0.036 ± 0.002 
and 0.34 ± 0.006 µg/g, respectively. While significant reduction was 
observed in thiamethoxam and acetamiprid concentration up to 100 and 
55.9% respectively, when treated with ozone and ultrasound (O3/US) 
for 6 min (Fig. 4). 

Fig. 4. Pesticides residues in vegetables (okra, spinach, tomato, cucumber, cauliflower and chillies) samples collected from different Faisalabad markets compared 
with the standards of Thiamethoxam, Imidacloprid, Acetamiprid, Thiacloprid and Carbendazim after treated with ozone and ultrasound (O3/US) combined 10-min-
ute treatment, Vertical bars represent ± SEM (n = 3). 

Fig. 5. Pesticides residues in fruits (grapes, guava and peach) samples collected from different Faisalabad markets after treatment with ozone and ultrasound (O3/ 
US) 6 min, Vertical bars represent ± SEM (n = 3). 
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Among fruits, in grapes samples were found contaminated with 
thiamethoxam, and acetamiprid up to 0.006 ± 0.0002 and 0.052 ±
0.001 µg/g respectively. While significant reduction was observed in 
thiamethoxam and acetamiprid concentration up to 33.33 and 100 % 
respectively after treatment with O3/US for 6 min. In guava samples, 
imidacloprid and thiacloprid were detected with respective quantities of 
0.043 ± 0.001 and 0.37 ± 0.001 µg/g, respectively. While after treat-
ment with O3/US for 6 min, significant reduction was observed in imi-
dacloprid and thiacloprid concentration up to 100, and 62.16 % 
respectively. Peach samples were also found highly contaminated with 
imidacloprid (1.45 ± 0.006 µg/g), while samples treated with O3/US for 
6 min had 36.55 % reduction when compared with untreated control 
samples (Fig. 5). 

4. Discussion 

While the use of pesticides is almost indispensable in commercial 
fruits and vegetables supply chains, its non-judicious application has 
become a food safety concern, globally, and more especially in devel-
oping countries. Our results showed that pooled samples of fruits and 
vegetables collected from Faisalabad market were contaminated with 
various pesticides more or less beyond the MRLs standards (EU, 2019) 
[43], and it is well established that pesticide residues beyond MRLs level 
adversely affect human health [15,25,26,28,44]. Irrespective of the 
tested fresh produce, maximum pesticides residues were quantified for 

imidacloprid, which is a commonly used insecticide for controlling 
sucking insects. Imidacloprid belongs to neonicotinoid group, which 
also includes thiamethoxam, acetamiprid and thiacloprid, detected in 
tested fruits and vegetables. Previous local research reports also showed 
that different fruits and vegetables of Punjab market were found 
contaminated with different pesticides [9,10]. Akhtar et al. [45] re-
ported pesticides (bifenthrin, difenoconazole, paraquat, dio-
methomorph, deltamethrin and imidacloprid) contamination in selected 
fruits and vegetables from Lahore market including guava, eggplant and 
round gourd and argued that these pesticides were not removed from 
their surfaces by simple tap water washing. 

Our results showed that combined application of O3/US significantly 
reduced the pesticides residues in tested fruits and vegetables. However, 
the effectiveness of O3/US treatment varied with time of application 
(Expt. 1), type of fresh produce, nature of chemical and its pre-treatment 
level (Expt. 2) in the produce. It is well known that ozone and ozone 
generated radicals have ability to react with other elements like nitro-
gen, sulphur and chlorine compounds etc. so it can break the C− N, C− S 
and C− Cl bonding present in pesticide compounds, ozone decay in water 
proceed to form OH– and OH when react with other elements forms 
nitrogen oxides (NO, NO2), sulphur di- and tri-oxide and other hydroxyl 
compounds like hydrogen sulphide, hydrogen chlorides [46] (Fig. 6). 
Some earlier findings support the current results as, Chanrattanayothin 
et al. (2019) reported that gaseous ozonation have ability to degrade 
cypermethrin and dicofol residue when applied on dried basil leave. It is 

Fig. 6. Fate of representative pesticide in an aqueous media in the presence of highly reactive radicals formed in the result of sonolytic ozonation reaction.  
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evident that when UV/H2O2 produce hydroxyl ions (OH–) in an aqueous 
media, it can reduce pesticide residues by degrading its structure into 
metabolites [38]. 

Chen et al. [47] stated that ozone discharge switched immediately to 
hydroxyl radicals (⋅OH) and the method found effective to decontami-
nate water from Imidacloprid at pH 6.02–8.64. O3/US also produce 
hydroxyl ions in an aqueous media and working on the same principle as 
UV/H2O2 can degrade the pesticides in fresh produce. A key point of 
consideration is that, with sonolytic ozonation treatment, the overall 
reduction in pesticides residues load varied among crops: Vegetables 
(O3/US.10 min) (86.33 % in okra, 94 % in spinach, 75.3 % in cucumber, 
60.1 % in chillies, 51.21 % in cauliflower and 23.8 % in tomato) and 
Fruit (O3/US.6 min) (93.1 % reduction in grapes, 66.1 % in guava and 
36.6 % reduced in peach). Likewise, degradation of chemicals irre-
spective of crops also varied: Thiamethoxam (99.3 %), thiacloprid (87.3 
%), carbendazim (72 %), acetamiprid (65.23 %) and imidacloprid (52.6 
%). 

The reason for this difference could be due to nature of chemical, 
applied quantity/time, chemical residue status and produce structure/ 
nature of tissues. Still, the study clearly demonstrates that irrespective of 
fresh produce (vegetables or fruits) or pesticides, the sonolytic ozonation 
(O3/US) treatment in range of 6–10 min reduced the pesticides residues 
by more than half (mean 60.85 %; ranged 100–24 %), compared to the 
simple water washing samples, thereby, reducing associated health 
hazard risks to consumers. 

Another point of consideration is that while O3/US at extended 
treatment time (15 min) reduced pesticides residues to maximum, it also 
had some qualitative issues in okra (brown patches), spinach (discol-
oration of leaves), and cauliflower (black spots on curds, data not 
shown) etc, when the treated samples were stored in refrigerator (4 ◦C) 
for 14 days. Now, these symptoms could be attributed to an interaction 
effect of O3/US treatment and low temperature during storage, since the 
control samples under same storage condition did not show such 
symptoms. This implicates that optimum treatment time of O3/US in 
also be considered from the perspective the way product is to be utilized 
after treatment (immediately used/cooked/eaten after treatment or to 
be stored in fridge for few days). 

5. Conclusion 

Different vegetables (okra, spinach, tomato, cucumber, cauliflower 
and chillies) and fruits (grapes, guava and peach) and collected from 
Faisalabad market were found contaminated with pesticides, with MRLs 
mostly above the CODEX standards; vegetables (mean residues 9.006 
µg/g) being comparatively more contaminated than fruits (mean resi-
dues 1.921 µg/g). Sonolytic ozonation (O3/US) for 10 and 6 min in 
vegetables and fruits, respectively was found effective in significant 
reduction of pesticides residues varying from 100 % to 24 % depending 
upon the chemical and crop. On an average, O3/US treatment for 10 and 
6 min in vegetables and fruits respectively reduced pesticides residues 
by 60.85 % in vegetables and 44.61 % in fruits compared with tap 
washed samples. So, based on the experimental outcome, sonolytic 
ozonation (O3/US) can be considered as an effective food safety inter-
vention at household level, to significantly reduce pesticides contami-
nation in fresh produce and the associated health risks to household 
consumers. The future studies should include other fruits and vegeta-
bles, and with extended treatment timing for produce with thick and 
waxy cuticle. 
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