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Abstract
All pesticide residues are toxic by design and pose seriously health dangers to people. We explored an effective
cleaning technique of food safety and handling guidelines. Chlorantraniliprole residues on cowpea fruits were
determined by LC-MS/MS (liquid chromatography-tandem mass spectrometry) after different cleaning methods.
Both soaking the cowpea fruits in water for 15 min and soaking in 0.1% edible vinegar for 15 min followed by
rinsing with running tap water for 2 min could effectively remove the chlorantraniliprole residues on cowpea
fruits. Cleaning with running tap water for 2 min was the worst cleaning method. Both the treatments of soaking
in acidic and neutral pH cleaning solution could generate good removal efficiency of chlorantraniliprole residues
on cowpea. Different cleaning solution concentration did not give significant difference removal efficiency. Our
research provided the inherent relationship between pesticide residues and cleaning approaches, also the
important theoretical basis for risk assessments of food.
Keywords: cowpea fruits, chlorantraniliprole, cleaning methods, removal efficiency, processing factor
1. Introduction
Pesticide residues on the agricultural produce such as fruits, crops and vegetable are highly regulated today.
Although some residues may remain at harvest, residues tend to decline as the pesticide breaks down. Only the
pesticide residues is monitored but the cleaning process or processed agricultural products or foods are ignored
so far. Most agricultural products are consumed after cleaning. Recently, new less toxic and highly efficient
pesticides have been widely applied in agricultural production. Therefore, monitoring these novel pesticides such
as chlorantraniliprole before and after cleaning process is necessary. Although these pesticides have low toxicity
and low residual on the agricultural products and may degrade during processing or during storage, some
degradation products may be more toxic than the parent compounds (St-Amand & Girard, 2004; Luís et al., 2005;
Muhammad et al., 2006; Chai et al., 2008). Therefore, an appropriate cleaning method to remove the residue on
produce is important in both household and factory processing to reduce the potential human health risk.
Cowpea (Vigna unguiculata) is an important leguminous vegetable consumed daily in China. It is the host of
thrips, pod borer, cutworm, aphids, leaf miner and other major pests (Pan et al., 2005). Inevitably, chemical
pesticides are used during the growth process (Li et al., 2010). In this study, pesticide residues
chlorantraniliprole on the cowpea fruits were cleaned with different techniques following vegetable cleaning
habits of Chinese families, namely cleaning including rinsing with running water, cleaning after soaking in water,
edible vinegar, edible salt, sodium bicarbonate solution or fruit and vegetable cleaning solution. The aim of this
study was to establish the most effective traditional cleaning method for removing chlorantraniliprole residues
on the cowpea fruits.
A systematic study of removal efficiency is important for establishing guidelines in food safety and handling that
minimize human exposure to pesticide through food. Furthermore, understanding the removal efficiency of
different cleaning techniques is a critical step toward characterizing degradation products in the agricultural
products during processing, to provide revealed inherent relationships between pesticide residues and processing
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approaches, also provide important theoretical basis for risk assessments of food.
2. Method
2.1 Chemicals and Materials
Chemservice supplied the technical grade analytical standard of chlorantraniliprole (purity 99.0%). This
formulation (5% SC) was obtained from Shanghai Dupont Agricultural Chemicals Co., Ltd. Methanol and
acetonitrile (HPLC grade) were obtained from American Tedia. Anhydrous magnesium sulfate (AR), N-propyl
ethylene diamine (PSA) and C18 were obtained from DIMA Technology Co., Ltd. (USA). Sodium chloride (AR)
was obtained from Tianjin Chemical Reagent CO., Ltd. Distilled water was filtered through 0.22 μm membrane
before using.
Edible vinegar, edible iodine salt, edible sodium bicarbonate, fruits and vegetables cleaning agent were obtained
from Hengguan Industry Co., Ltd. Zhenjiang City, Guhuai Salt Co Ltd., Golden Bridge Salt Group, Jiangsu,
Honeydew Park Sugar Co Ltd., Nanjing City and Kaimi Corporation Xi’an City, respectively.
2.2 Preparation of Chlorantraniliprole Residual on Cowpea Fruits
The cowpeas were grown in Yangzhou University experimental farms.The crisp, full pod, no damage and no
mildew cowpea fruits were used as experimental materials. The head and tail sections of the cowpea fruit were
removed.
A 100 mg kg-1 soaking solution of chlorantraniliprole (5% SC) was prepared in deionized water.Cowpea fruits
(10 kg) were completely immersed in 60 L of the soaking solution for 30 min at room temperature followed by
drying in open air for 1 h.
2.3 Cleaning Methods
2.3.1 Cleaning Solutions
In treatment one (T1), the whole cowpea fruits were cleaned with running tap water for 2 min using a sieve to
ensure the cowpea fruits were cleaned uniformly during the whole cleaning process. The cowpea fruit samples
were then air-dried in a fume hood at room temperature. In the second treatment (T2), the whole cowpea fruits
were not cleaned. Three replicates were applied for each treatment.
The effects of soaking using different solutions including water, edible vinegar (0.1%), edible salt solution
(0.1%), edible sodium bicarbonate solution (0.1%) and fruit and vegetable cleaning solution (0.1%) were
investigated. Cowpea fruits (1 kg) were soaked in 4 L soaking solution (water, edible vinegar (0.1%) and edible
salt solution (0.1%), edible sodium bicarbonate solution (0.1%) and fruit and vegetable cleaning solution (0.1%))
for 5, 10, 15, 30, 45 and 60 min. Cowpea fruits used for the control treatments were not cleaned. The cowpea
fruits were rinsed afterward using running tap water for 2 min. Each treatment was repeated three times. The
treated samples were air-dried in a fume hood. Chlorantraniliprole on cowpea fruits were extracted, cleaned-up
and analyzed using LC-MS/MS. Removal efficiency and processing factor of chlorantraniliprole were calculated
according to the residue content of chlorantraniliprole on cowpea fruits.
2.3.2 Effects of Concentrations of Cleaning Solution
Soaking solutions of edible vinegar, edible iodine salt, edible sodium bicarbonate and fruits and vegetables
cleaning agent were prepared respectively, and the concentrations of each solution contained 0.1%, 0.5%, 1.0%,
5.0% and 10.0%. The pH values of each cleaning solution were measured by Sartorius PB-21 pH standard meter
and shown in Table 1. Cowpea fruits (1 kg) were soaked in 4 L soaking solution water, edible vinegar (0.1%,
0.5%,1.0%, 5.0% and 10.0%), edible salt solution (0.1%, 0.5%, 1.0%, 5.0% and 10.0%), edible sodium
bicarbonate solution (0.1%, 0.5%, 1.0%, 5.0% and 10.0%) and fruit and vegetable cleaning solution (0.1%, 0.5%,
1.0%, 5.0% and 10.0%) for 15 min separately. pH values were measured by Sartorius PB-21 pH standard meter
(Sartorius, German).
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Table 1. pH values of different cleaning solutions
Cleaning solution

pH value

Cleaning solution

pH value

0.1% edible vinegar solution

6.18

0.1% edible sodium bicarbonate solution

8.05

0.5% edible vinegar solution

5.33

0.5% edible sodium bicarbonate solution

8.05

1.0% edible vinegar solution

4.92

1.0% edible sodium bicarbonate solution

8.02

5.0% edible vinegar solution

3.15

5.0% edible sodium bicarbonate solution

7.85

10% edible vinegar solution

2.92

10% edible sodium bicarbonate solution

7.79

0.1% edible salt solution

5.40

0.1%fruit and vegetable cleaning solution solution solution

7.55

0.5% edible salt solution

5.71

0.5%fruit and vegetable cleaning solution

7.50

1.0% edible salt solution

5.89

1.0% fruit and vegetable cleaning solution

7.42

5.0% edible salt solution

6.48

5.0% fruit and vegetable cleaning solution

7.24

10% edible salt solution

7.42

10%fruit and vegetable cleaning solution

7.13

Tap water

7.31

Subsequently, the cowpea fruits were cleaned using running tap water for 2 min only. The control treatments
were not cleaned. Three replicates were applied for each treatment. All treated samples were air-dried in a fume
hood. Chlorantraniliprole was extracted, cleaned-up and analyzed using LC-MS/MS (liquid
chromatography-tandem mass spectrometry). Removal efficiency and processing factor of chlorantraniliprole
were calculated according to the residue content of chlorantraniliprole on the cowpea fruits.
2.4 Extraction of Chlorantraniliprole Residue from Cowpea Fruits
Cowpea fruits (5 g) were homogenized in 30 mL of acetonitrile using a high-speed homogenizer for 3 min. For
recovery experiment, chlorantraniliprole was added to the samples. The final concentrations of
chlorantraniliprole were 5.00, 1.00, and 0.20 μg g-1, respectively. A blank control group was also set up, and all
experiments were repeated three times.
Chlorantraniliprole was extracted from cowpea fruits using QuEChERS method after different cleaning
treatments. Sodium chloride (1.5 g) and anhydrous magnesium sulfate (6 g) were added to the samples before
centrifuging at 4000 rpm for 5 min. About 2 mL of the supernatant was collected, and added to the centrifuge
tubes containing MgSO4 (150 mg), PSA (25 mg), and C18 (25 mg), and then centrifuged for 5 min. The
supernatant (0.60 mL) was diluted to 1.0 mL of distilled water. The sample solution was filtered through a 0.22
μm membrane and analyzed on LC-MS/MS.
2.5 Instrumental Analysis
Samples were weighed by BS210S electronic balance (Sartorius, Germany), concentrated by SB-1000 rotary
vacuum evaporator (Eyela, Japan) and mixed using a THZ-82A vibrating machine (FuHua, Jiangsu Province,
China). Separation and detection were carried out using Agilent 1200 HPLC system (Agilent Co., USA)
equipped with a binary pump, auto plate-sampler, column oven, and diode-array detector. Mass spectra were
recorded on an Agilent 6460 triple quadrupole (QQQ) mass spectrometer equipped with an ESI source. The
quantification of chlorantraniliprole residues were determinded by LC-MS/MS as described by Chen (Chen et al.,
2013).
2.6 Calculated Methods of Removal Rate and Processing Factor
Removal rate and processing factor of each treatment were calculated. Formulas of removal rate and processing
factor were as below.
Removal rate (%) 

Initial concentrat ion - Residues concentrat ion
 100
Initial concentrat ion

Processing factor 

Residues concentrat ion
Initial concentrat ion

(1)
(2)

All data were analyzed by analysis of Duncan multiple comparison. All the experiments were repeated three as
means±standard error of mean. Different lowercase letters after the number was 5% significant difference and
different uppercase letters after the number was 1% significant difference.
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3. Results
3.1 Fortified Recoveries of Chlorantraniliprole from the Cowpea Fruits
A standard stock solution of chlorantraniliprole (1 mg mL-1) was prepared in HPLC grade acetonitrile. The
standard solutions required for constructing a calibration curve (50.0, 25.0, 12.5, 6.25, 3.125 μg mL-1) were
prepared from stock solution by serial dilution with HPLC grade acetonitrile. All standard solutions were stored
at 4 ºC before using. The quantification of chlorantraniliprole residues uses an external standard.
To know the efficiency of extraction and clean-up procedures, recovery experiments were carried out at different
levels to establish the reliability and validity of analytical method. The control samples of cowpea fruits were
spiked at 5, 1.0, and 0.2 mg kg-1 respectively followed by methodology as described above. The average
recoverie was above 80% (Table 2). The coefficients of variation were 1.22% to 4.12% and 2.10% to 4.90%,
respectively.
Table 2. The recoveries of chlorantraniliprole from the cowpea fruits
Fortification levels (mg kg-1)

Average recoveries (%)

Standard deviation

Coefficient of variance (%)

5.0

92.80

0.1005

1.18

1.0

90.33

0.0103

2.23

0.2

81.53

0.0068

4.28

Note. The remaining amount was the average of three replicates.
3.2 Removal Efficiency of the Cleaning Using Running Tap Water
Removal rate was 12.79% and processing factor was 0.8721 when the cowpea fruit residue samples were
cleaned under a simple cleaning with running tap water for 2 min and its removal rate was low (Table 3).
Table 3. Removal effects of residue chlorantraniliprole on the cowpea fruits soaked in the tap water followed by
cleaning with running tap water
Treatment method

Initial concentration (mg kg-1)

Residues concentration (mg/kg)

Removal rate (%)

Processing factor

Tap water

9.2930±0.0583

8.1048±0.5433

12.79±5.8457

0.8721±0.0585

Note. The experiments were set up in a completely randomized design. All the experiments were repeated thrice
as means ± standard error of mean.
Removal rate was 68.42% and processing factors was 0.3158 when the samples were soaked in the water for 15
min and cleaned with running tap water for 2 min (Table 4). The removal rates of the cowpea fruits soaked in the
water for different time followed by cleaning with running tap water for 2 min were higher than those of the
cowpea fruits cleaned with running tap water for 2 min only. The removal rate was not changed significantly
even with the extension of soaking time in water.
Table 4. Removal effects of the cowpea fruits soaked in tap water followed by cleaning with running tap water
Soaking solution
tap water

Initial concentration (mg kg-1)

Residues concentration (mg/kg)

Removal rate (%)

Processing factor

8.3636±0.2872

2.6638±0.7263

68.42±8.680

0.3158±0.0868

Note. The experiments were set up in a completely randomized design. All the experiments were repeated thrice
as means ± standard error of mean.
3.3 Removal Efficiency of Different Cleaning Methods on Removing the Residue Pesticide on the Cowpea Fruits
Removal efficiency of different cleaning methods on removing the residue pesticide on the cowpea fruits:
removal rate were 25.87%~80.57% and processing factors were 0.1970~0.7413 when the cowpea fruit soaked in
water for different times followed by cleaning with running tap water for 2 min (Figure 1). The removal rates of
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Removal rate/%

the cowpea fruits soaked in water for different time followed by cleaning with running tap water for 2 min were
higher than those of the cowpea fruits cleaned with running tap water for 2 min only. The removal rate was not
changed significantly with the extension of soaking time in solution. Removal rates were 24.97%~78.86% and
processing factors were 0.2114~0.7503 when the cowpea fruit residue samples soaked in the edible vinegar
solution for different time followed by cleaning with running tap water for 2 min (Figures 1-2). Under the
extension of the soaked time in the 0.1% edible vinegar solution conditions, removal rate was not changed
obviously over soaked for 15 min.
Soaking for 5 min and then cleaning under the water for 2 min

Soaking for 10 min and then cleaning under the water for 2 min

Soaking for 15 min and then cleaning under the water for 2 min

Soaking for 30 min and then cleaning under the water for 2 min

Soaking for 45 min and then cleaning under the water for 2 min

Soaking for 60 min and then cleaning under the water for 2 min

100
90
80
70
60
50
40
30
20
10
0

Processing factor

Figure 1. Removal rates of residue chlorantraniliprole on the cowpea fruits soaked in different solutions for
different times

Soaking for 5 min and then cleaning under the water for 2 min
Soaking for 15 min and then cleaning under the water for 2 min

Soaking for 10 min and then cleaning under the water for 2 min
Soaking for 30 min and then cleaning under the water for 2 min

Soaking for 45 min and then cleaning under the water for 2 min

Soaking for 60 min and then cleaning under the water for 2 min

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Figure 2. Processing factors of residue chlorantraniliprole on the cowpea fruits soaked in different solutions for
different times
Our results indicated that cleaning methods including soaking in the water followed by cleaning with running tap
water and soaking in 0.1% edible vinegar followed by cleaning with running tap water were the preferred
treatment methods. The removal rate was 12.79% and processing factor being 0.8721 when the cowpea fruits
were cleaned with running tap water only. It was the worst cleaning method.
3.4 Results of the Cowpea Fruits Soaked in Different Concentrations Solution Followed by Cleaning with
Running Tap Water
3.4.1 Removal Efficiency of the Cowpea Fruits Soaked in Different Concentrations of Edible Vinegar Solution
Followed by Cleaning with Running Tap Water
The mean initial concentration was 8.3640 mg kg-1 as the concentration of above processing samples. The final
concentration was as the concentration of the samples that were soaked in different concentrations of edible
vinegar followed by cleaning with running tap water for 2 min. Removal rate were 56.71%~67.03% and
processing factors were 0.3204~0.4329 (Table 5). With the increasing concentration of edible vinegar solution,
removal rate was decreased slightly only.
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Table 5. Removal effects of the cowpea fruits soaked in different concentrations of edible vinegar solutions
followed by cleaning with running tap water
Soaking solution

Initial concentration (mg kg-1)

Residues concentration (mg kg-1)

Removal rate (%)

Processing factor

0.1% vinegar solution

8.3640±0.2844

2.7575±0.2857

67.03±5.3710 Aa

0.3204±0.0537 Aa

0.5% vinegar solution

8.3640±0.2844

3.0750±0.2623

63.27±5.0925 Aa

0.3673±0.0506 Aa

1.0% vinegar solution

8.3640±0.2844

3.4010±0.4481

59.34±5.3549 Aa

0.4066±0.0535 Aa
0.4140±0.0535 Aa
0.4329±0.0568 Aa

5.0% vinegar solution

8.3640±0.2844

3.4627±0.3874

58.60±4.6304 Aa

10% vinegar solution

8.3640±0.2844

3.6204±0.3115

56.71±5.6821 Aa

Note. The experiments were set up in a completely randomized design. All data were analyzed by Duncan
multiple comparison. All the experiments were repeated thrice as means ± standard error of mean. Different
lowercase letters after the number was 5% significant difference and different uppercase letters after the number
was 1% significant difference. Notes of Tables 5-7 were same to Table 4.
3.4.2 Removal Efficiency of the Cowpea Fruits Soaked in Different Concentrations of Edible Salt Solution
Followed by Cleaning with Running Tap Water
The final concentration was as the concentration of the samples that were soaked in different concentrations of
edible salt solution followed by cleaning with running tap water for 2 min. Removal rate were 31.70%~58.46%
and processing factors were 0.4154~0.6830 (Table 6).
Table 6. Removal effects of the cowpea fruits soaked in the different concentrations of salt solution followed by
cleaning with running tap water
Soaking solution

Initial concentration (mg kg-1)

Residues concentration (mg kg-1)

Removal rate (%)

Processing factor

0.1% salt solution

8.4111±0.8209

5.3946±0.8636

35.86±2.1587 Bb

0.6414±0.0216 Bb

0.5% salt solution

8.4111±0.8209

5.7442±0.4282

31.70±5.0930 Bb

0.6830±0.0509 Bb

1.0% salt solution

8.4111±0.8209

5.2741±0.4646

37.29±9.3019 Bb

0.6271±0.0930 Bb

5.0% salt solution

8.4111±0.8209

4.8185±2.4528

42.71±9.1594 Bb

0.5729±0.0916 Bb

10% salt solution

8.4111±0.8209

3.4943±0.5315

58.46±6.3216 Aa

0.4154±0.0632 Aa

3.4.3 Removal Efficiency of the Cowpea Fruits Soaked in Different Concentrations of Edible Sodium
Bicarbonate Solution Followed by Cleaning with Running Tap Water
The final concentration was as the concentration of the samples that were soaked in different concentrations of
sodium bicarbonate solution followed by cleaning with running tap water for 2 min. Removal rate were
49.78%~63.28% and processing factors were 0.3672~0.5022 (Table 7).
Table 7. Removal effects of the cowpea fruits soaked in the different concentrations of sodium bicarbonate
solution followed by cleaning with running tap water
Soaking solution

Initial concentration (mg kg-1)

Residues concentration (mg kg-1)

Removal rate (%)

Processing factor

0.1% NaHCO3 solution

8.3636±0.2827

4.2002±0.2905

49.78±5.4260 Aa

0.5022±0.1543 Aa

0.5% NaHCO3 solution

8.3636±0.2827

3.6359±0.4244

56.52±5.0737 Aa

0.4348±0.0507 Aa

1.0% NaHCO3 solution

8.3636±0.2827

3.7559±0.3772

55.09±4.5092 Aa

0.4491±0.0451 Aa

5.0% NaHCO3 solution

8.3636±0.2827

3.3013±1.0701

60.53±2.7942 Aa

0.3947±0.0279 Aa

10% NaHCO3 solution

8.3636±0.2827

3.0712±0.8009

63.28±9.5784 Aa

0.3672±0.0958 Aa

3.4.4 Removal Efficiency of the Cowpea Fruits Soaked in Different Concentrations of Fruit and Vegetable
Cleaning Solution Followed by Cleaning with Running Tap Water
The final concentration was as the concentration of the samples that were soaked in different concentrations of
fruit and vegetable cleaning solution followed by cleaning with running tap water for 2 min. Removal rate were
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31.93%~41.27% and processing factors were 0.5873~0.6807 (Table 8).
Table 8. Removal effects of the cowpea fruits soaked in the different concentrations of fruit and vegetable
cleaning solution followed by cleaning with running tap water
Soaking solution

Initial concentration
(mg kg-1)

Residues concentration
(mg kg-1)

Removal rate
(%)

Processing factor

0.1% fruit and vegetable cleaning solution

8.2391±0.2443

4.8392±0.7072

41.27±2.7153 Aa

0.5873±0.0272 Aa

0.5% fruit and vegetable cleaning solution

8.2391±0.2443

5.0713±1.2001

38.45±4.5632 Aa

0.6155±0.0456 Aa

1% fruit and vegetable cleaning solution

8.2391±0.2443

5.4108±0.7851

34.33±9.5262 Aa

0.6567±0.0953 Aa

5% fruit and vegetable cleaning solution

8.2391±0.2443

5.3606±1.0585

34.94±2.8441 Aa

0.6506±0.0284 Aa

10% fruit and vegetable cleaning solution

8.2391±0.2443

5.6092±1.1834

31.93±4.3603 Aa

0.6807±0.0436 Aa

Our data showed that removal efficiency of chlorantraniliprole residues from the cowpea fruits soaked in acidic
or neutral cleaning solution were better. Their removal rates were 64.82% and 67.03% when the cowpea fruits
soaked in tap water (pH 7.31) and 0.1% edible vinegar solution (pH 6.18) for 15 min, respectively. Different
cleaning solution concentration did not lead to significant changing of removal efficiency.
4. Discussion
The most critical step in the agro-processing industry is the cleaning process, which is a simple and effective
procedure for removing pesticide residues on agricultural products. Removal of food contaminants by cleaning is
important in both household and factory processing. The reduction of the levels of pesticide residues on
agricultural products is influenced by several factors. The removal rate is affected by the physicochemical
properties of the pesticides including octanol/water partition coefficient (Kow value), solubility and pKa. The
physical and chemical characteristics of the cleaning solution, such as cleaning fluid temperature, pH and
polarity also influence the removal rate (Rasmussen et al., 2003; Radwan et al., 2005; Lin et al., 2006; Zhang et
al., 2007; Kin et al., 2010; Gonzalez-Rodriguez et al., 2011).
Removal efficiency of residual chlorantraniliprole on the cowpea fruits by the tap water or different
concentrations of cleaning solution were discussed. In addition, the pH value and emulsifying properties and
others characters of the cleaning solution had been changed and which could change the pesticide removal
effects on the agricultural products because different cleaning agents (edible vinegar, edible salt, edible sodium
bicarbonate, fruit and vegetable cleaning agents) were added to the cleaning solution. It indicated that 0.1%
sodium bicarbonate weak alkaline solution had a medium removal ability to remove residue chlorantraniliprole
on the cowpea fruits, but it was lower than of 0.1% edible vinegar solution. It may be explained that
chlorantraniliprole has higher solubility in acidic medium or neutral medium and it can access to the cleaning
solution more easily when the cowpea fruits were soaked in the acidic solution. Our results were similar to the
removal effects of residual methamidophos and rogor in the water solution (Lin et al., 2006) or residual
chlorpyrifos on the cabbage (Zhang et al., 2007).
In the cleaning process, the physical and chemical properties of pesticides play an important role in reducing the
level of pesticide residues on the agricultural products. Octanol/water partition coefficient (Kow value) of the
pesticide determines the amount of agricultural pesticides on the agricultural products entering into its surface
wax layer. The pesticides can more easily enter into the agricultural products’ surface layer wax when the Kow
values are high. The residue pesticides are not easily removed by dissolving cleaning fluid cleaning. Therefore it
is difficult to reduce these pesticide residues on the agricultural products. The removal effects of residue
pesticides of chlorpyrifos and other 13 different kinds of high Kow values on the apples were researched by
Rasmussen. Only 52% of tolylfluanid residues were removed when the apples were cleaned with running tap
water for 15 min (Rasmussen et al., 2003). Guardia-Rubio studied the removal effects of residue pesticides such
as simazine, diuron and other five kinds of pesticides on olive through the cleaning operation. The results
showed that 50% of the residual simazine could be reduced. But other 4 pesticides reduction effect was not
obvious through the cleaning operation. It can explain what Kow value of simazine was lower than those of other
four kinds of pesticides (Guardia-Rubio et al., 2007). Furthermore, it showed that pesticide residues sprayed on
the olive for one day could be cleaned more easily than those sprayed one week before because the surface of the
agricultural pesticide had been entered into waxy layer for a longer time and was difficult to be removed through
the cleaning (Rasmussen et al., 2003). The removal effects of residue pesticides had a certain relationship with
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the solubility of pesticide in the cleaning solution. Residue pesticides on the cucumbers and strawberries could
be cleaned by 10% acetic acid aqueous. The removal effects were related to the pesticide solubility and vapor
pressure. The pesticide could be removed easily with high solubility in the cleaning solution and high vapor
pressure during the cleaning process (Kin et al., 2010).
Six cleaning methods based on the vegetables cleaning habits of Chinese families namely, running tap water and
soaking in water, 0.1% edible vinegar solution, edible salt solution, 0.1% edible sodium bicarbonate solution or
0.1% fruit and vegetable cleaning solution were selected to remove the residue pesticide chlorantraniliprole on
the cowpea fruits. Cleaning methods both soaking in the water and soaking in 0.1% edible vinegar followed by
cleaning with running tap water were the preferred treatment methods. Soaking the cowpea fruits for at least 15
minutes achieved the best removal. The results could provide important theoretical guides of food safety and
correct cleaning methods.
5. Conclusions
Our results indicated that cleaning methods including soaking in water for 15 and soaking in 0.1% edible vinegar
for 15min then cleaning with running tap water for 2 min were the preferred treatment methods. Cleaning with
running tap water for 2 min was the worst cleaning method.Removal effects of chlorantraniliprole residues from
the cowpea fruits soaked in acidic or neutral pH cleaning solution were better. For the same cleaning solution,
the removal effects of treatments had no significant difference with the changes of cleaning solution
concentration.
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