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Abstract

The vegetables, Chinese kale and Pakchoi, which are popular among the Thai people, are found to have problems
with residues of pesticide. The pesticide residues in both Kale and Pakchoi were chlorpyrifos and cypermethrin.
This research was to study the efficiency of pesticide residue reduction in Chinese kale and Pakchoi samples by
using various household wash processing. The process included washing with normal water, 0.10% NaCl, baking
soda, water flowing, and blanching. Pesticide residues were extracted from Chinese kale and Pakchoi to determine
the amount of chlorpyriphos and cypermethrin residue by using analytical tools such as Gas Chromatography—
Flame Photometric Detector (FPD) and Gas Chromatography—Electron Capture Detector (ECD). The results
showed that the household processes for reducing the chlorpyrifos residue in Chinese kale and Pakchoi were the
following: residues were reduced by 52.70—65.41%, 58.33—-62.14%, 59.46—80.52%, and 46.04—62.85% when washed
with normal water, 0.10 % NaCl, baking soda, and water flowing through, respectively. Similarly, the household
processes for reducing cypermethrin residue in Chinese kale and Pakchoi were the following: residues were
reduced by 51.13-66.29%, 33.75—45.65%, 38.14—63.64%, and 44.88—61.63% when washed with normal water, 10%
NaCl, baking soda, and water flowing through, respectively. Also, blanching reduced the chlorpyrifos residue by
37.96-50.44% and the cypermethrin residue by 47.86—-52.42%. Therefore, while washing vegetables by soaking
and dissolving substances, baking soda is the most effective when used for washing for at least 15 min to reduce
the residue of pesticides. The consumers should be provided vegetables that are cleaned and have had a proper
washing for removing pesticide residues and toxic residues.
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Introduction and Pakchoi are the most popular vegetables, as they pro-

vide a better return on investment for farmers. To improve

In Thailand, vegetables are considered as major constit-
uents of diet, and it is recommended that 400 g of vege-
tables should be consumed per day. Although vegetables
have many health benefits, toxic residue is a problem in
the fruit and vegetable consumption chain. Several fac-
tors, mainly diseases, pests, and insects, are responsible
for the loss of productivity of crops. Therefore, chemicals
have been used to address these problems. Chinese kale

their yield and quality, insects and pests are controlled
or eliminated. This results in farmers using pesticides
beyond the recommended level, leading to high chem-
ical residue in vegetables. Residues exceeding the maxi-
mum residue limits (MRL) were detected in vegetables in
the farms, local markets, and the supermarket in Phayao
Province in northern Thailand. The most commonly
used OP (Organophosphate) pesticides are chlorpyrifos,
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malathion, monochrotophos, diazinon, omethoate, and
dichrotophos (Sapbamrer & Hongsibsong, 2014). High
content of synthetic pyrethroid residues was reported in
several vegetables, including cabbage, Chinese kale, spin-
ach, cauliflower, Chinese cabbage, Pakchoi, long beans,
cucumber, and palm sugar. The highest percentage of
Cypermethrin was detected in vegetable samples (75.8%)
and fruit samples (95.3%) (Athulya et al., 2019). Several
methods have been suggested to consumers for reducing
residues in vegetables, such as using salt, baking soda,
vinegar, potassium permanganate, and peeling. The most
common method is rinsing by water and using household
chemicals commonly available in the kitchen (Krol et al.,
2000). Several studies have reported alternative methods
for removing residues in vegetables. The boiling method
was reported to be more effective than rinsing by water
in removing the residue (Kumari, 2008). The washing
method, which involves soaking vegetables in lemon juice,
soaking them in 2% tamarind juice mixed with water for
5 min, followed by washing with water and steaming for
10 min, could remove the residues in the range of 41.81%
to 100% (Kar et al. 2012). Previous studies report that
residues can be removed from eggplant and cucumber,
with an average removal efficiency of 95% after soak-
ing them in water from washing rice for 5 min (Adachi
& Okano, 2006). There are several common methods for
removing residues in vegetables, such as washing with
tap water, salt water, baking soda, and vinegar. The objec-
tive of this study was to determine the efficiency of vari-
ous household processes for removing pesticide residues
in vegetables and detecting their content by using the
highly sensitive GC technique. The commonly pesticide
detected in vegetable were chlorpyrifos and cyperme-
thrin, and then we had applied both by spraying them on
Chinese kale and Pakchoi, carefully following the dosing
and timing suggestions on the manufacturer’s labels.

Materials and Methods
Experiment planning and Sample collection

This research was selected to perform a planting plot
experiment with a plot size of 0.8 * 7 m, a gap of 0.5 m
between rows of vegetables and a distance of 15 * 15 cm
between plants. The sample vegetables were Chinese kale
and Pakchoi. The vegetables, after 30 days of maturity,
were sprayed with chlorpyrifos (Tiger 40% w/v, Sahaphon
agricultural chemistry Partnership, Bangkok, Thailand),
at the rate of 50 mL mixed with 20 L of water, and
cypermethrin (Cypermethrin 35% w / v, My Formation
Company, Nakhon Pathom, Thailand) at a rate of 20 mL
mixed with 20 L of water.

Approximately 10 kg of Chinese kale and Pakchoi were
collected following the regular intervals indicated on the

label on the bottle. The experiment was designed to be
in a real agricultural area. The nonsprayed samples were
collected before spraying the pesticide as control samples
in methods validation.

Chemical and reagent

Organic solvents such as acetonitrile, ethyl acetate,
and dichloromethane of analytical grade were pur-
chased from J.T. Baker (PA, USA). Sodium chloride
(NaCl), sodium sulfate (Na,SO,), and magnesium sulfate
(MgSO,) of AR grade were obtained from RCI Labscan
Limited (Bangkok, Thailand).

Standard preparation

Stock standard solutions were prepared by dissolving the
chemicals in ethyl acetate. Samples of five concentration
levels of chlorpyrifos and cypermethrin were prepared as
intermediate standard solution to maintain the variable
of matrix in the construction of the calibration curve.
The Intermediate and working standard solutions were
prepared with ethyl acetate and stored at freezer —4°C
before using.

Analysis instruments

The cleaned extracts were analyzed by GC-FPD Model
7890B (Columns used DB-1701, 0.25 mm, 30 m length x
0.25 um film thickness, Agilent ] & W column, Agilent
Technologies, USA) and GC-ECD Model 7890B (col-
umn using HP5, 0.25 mm x 30 m length x 0.25 pm film
thickness, Agilent ] & W column, Agilent Technologies,
USA). GC data were analyzed by Chemstation software
(Agilent, USA, A.10.02).

Sample preparation and processing treatments

Hundred grams each of Chinese kale and Pakchoi were
used to assess the efficiency of pesticide removal by
washing with normal water, 0.10% NaCl, baking soda,
water flowing through, and blanching, as shown in
Table 1. After washing, the vegetables were cut into
small homogenous pieces for analysis. The percentage
of pesticide reduction was calculated compared with the
untreated control.

Sample extraction analysis

Chinese kale and Pakchoi 5 g before and after washing
was homogenized, and 15 mL of mixed acetonitrile:
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Table 1. Processing treatments

Sample Washing Time (min) for processing

group treatments

Group 1 Unwashed

(Control)

Group 2 Normal water 2 5 10 15 20 30

Group 3 0.10 % NaCl 2 5 10 15 20 30

Group 4 Baking soda 2 5 10 15 20 30

Group 5 Water flowing 1 2 3 4 5 6
through

Group 6 Blanching 1 2 3 4 O 6

dichloromethane (ratio 1:1) was added. It was shaken
for 5 min, and the extraction was repeated two times.
Then, 3 g of sodium chloride (NaCl) and magnesium
sulfate (MgSO,) were added, and vortex-mixed for 30 s.
The solution was transferred onto filter paper contain-
ing 3 g sodium sulfate (Na,SO,), filtered into a 100 mL
round-bottom bottle, evaporated to dryness, then dis-
solved with 3 mL ethyl acetate in a test tube, near dryness
under a stream of nitrogen, and we pipetted 1 mL ethyl
acetate into a carbon tube GCB (150 mg, size 2 mL). The
carbon tube was centrifuged at 1,300 rpm for 3 min. The
supernatant was analyzed by GC-FPD and GC-ECD.

Statistical analysis

The processing treatments were replicated three times
and the results are shown as mean + SD. The removal
rate of each treatment was calculated. All data were ana-
lyzed using SPSS Statistics version 23. Differences were
also tested by ANOVA at a 0.95 confidence interval to
detect any significant differences between the means.

Quality control

The quality control of chlorpyrifos and cypermethrin
analysis is given in Table 2. The limit of detection (LOD)
is 0.0010 mg/kg, and the limit of quantification (LOQ) is
0.0020 mg/kg. The relative standard deviation coefficient

(%RSD) of chlorpyrifos is 6.45 % and %RSD of cyperme-
thrin to 6.40%. The recoveries of chlorpyrifos and cyper-
methrin ranged from 100.78 to 108.40 % for low spike
level (0.010 mg/kg), from 93.50 to 94.10 % for medium
spike level (0.080 mg/kg), and from 74.40 to 100.55%
for high spike level (0.320 mg/kg). The linear relative
coefficient (r?) is 0.9989 for chlorpyrifos and 0.9991 for
cypermethrin.

Results and Discussions

Chlorpyrifos and cypermethrin are pesticides that are
commonly used to kill pests. It has been found that there
is a large amount of pesticide residue in many types of
vegetables consumed every day, such as Chinese kale
and Pakchoi. Therefore, removing pesticide residues by
household processing immediately before consump-
tion is a good approach for consumers. The reduction
in chlorpyrifos content after applying various household
processes is shown in Figure 1. The best washing method
was by using baking soda for 15 min, followed by 0.10 %
NacCl for 10 min, normal water for 15 min, water flowing
through for 2 min, and blanching for 2 min. The reduc-
tion of cypermethrin by various household processes
is shown in Figure 2. Washing in water for 15 min was
the most effective for removing cypermethrin. The con-
centration before washing was 0.0635 mg/kg. The best
washing method was by using baking soda for 15 min,
followed by 0.10 % NaCl for 10 min, normal water for
15 min, water flowing through for 4 min, and blanching
for 2 min.

The efficiency of different household processing methods
for removing chlorpyriphos and cypermethrin residues
from vegetables is shown in Tables 3 and 4. Chlorpyrifos
residues on raw, unwashed Chinese kale and Pakchoi
were 0.088 and 0.064 mg/kg, respectively. After washing
with normal water for 15 min, residue levels were reduced
to 0.042 and 0.023 mg/kg, respectively, and the percent of
removal was 52.70-65.41%. Washing with 0.10% NaCl for
10 minutes reduced the residue levels to 0.037 and 0.025
mg/kg, respectively, a percentage reduction of 58.33—
62.14%. Washing in baking soda water for 15 min reduced

Table 2. Quality control of chlorpyrifos and cypermethrin for the analysis of various household processes

Detector Pesticide LOD LoQ %Recovery (n = 3) R?
(mglkg) (mglkg) RSD % low medium high

GC-FPD Chlorpyrifos 0.0010 0.0020 6.45 100.78 94.10 100.55 0.9989

GC-ECD Cypermethrin 0.0010 0.0020 6.40 108.40 93.50 74.40 0.9991

LOD = Limit of detection, LOQ = Limit of quantification, %RSD = percentage of relative standard deviation, R?= correlation coefficient
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Figure 1.
C = Baking Soda. D = Water flowing through. E = Blanching.

the residue levels to 0.036 and 0.013 mg/kg, respectively,
a percentage reduction of 59.46-80.52%. Washing with
water flowing through for 2 min reduced the residue lev-
els to 0.033 and 0.035 mg/kg, respectively, a percentage
reduction of 46.04—62.85%. Blanching for 2 min reduced
the residue levels to 0.044 and 0.040 mg/kg, respectively,
a percentage reduction of 37.96—50.44%.

Cypermethrin residues on the raw, unwashed Chinese
kale and Pakchoi were 0.064 and 0.036 mg/kg, respec-
tively. After washing with normal water for 15 min, the
residue levels were 0.021 and 0.018 mg/kg, respectively,
a percentage reduction of 51.13-66.29%. After washing

Effect of time on chlorpyrifos reduction by using various household processes. A = Normal water. B = 0.10 % NaCl.

with 0.10% NaCl for 10 min, the residue levels were 0.035
and 0.024 mg/kg, respectively, a percent reduction of
33.75-45.65%. After washing with baking soda water for
15 min, the residue levels were 0.023 and 0.022 mg/kg,
respectively, a percent reduction of 38.14—-63.64%. After
washing with water flowing through for 4 min, the res-
idue levels were 0.024 and 0.020 mg/kg, respectively, a
percent reduction of 44.88—61.63%. Blanching for 2 min
reduced the residue levels to 0.033 and 0.017 mg/kg,
respectively, a percent reduction of 47.86—52.42%.

The most effective method for removing chlorpyrifos
and cypermethrin pesticide residues will depend on the
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Figure 2. Effect of time on cypermethrin reduction by using various household processes. A = Normal water. B = 0.10 % NaCl.

C = Baking Soda. D = Water flowing through. E = Blanching.

temperature and water solubility of the residues. The
efficiency of the various household processing methods
varies with pesticide residues in vegetables and fruit. For
example, Ling ef al. (2011) reported that washing cucum-
bers with 2% NaHCO, removed trichlorfon, dimetho-
ate, dichlorvos, fenitrothion, and chlorpyrifos residues
by 73.20%, 58.70%, 96.40%, 51.10%, and 77.80%, respec-
tively. The removal of residues of parathion, methyl
parathion, malathion, fenitrothion, and chlorpyriphos in
fruits washed with a 0.10% NaHCO, solution was 73.10%,
77.40%, 86.80%, 57.00%, 86.40%, and 87.20%, respectively.
Washing of Chinese kale with a 0.10% NaHCO, solution
removed methomyl and carbaryl residues by 43.19% and

91.24%, respectively (Satpathy et al., 2012). One study
compared boiling water to tap water (Ta et al., 2018), and
there was a significantly lower concentration of chlorpy-
riphos, indoxacarb, profenophos, and cypermethrin in
cauliflower samples that were washed with boiling water,
and indoxacarb (79%) and chlorpyriphos (67%) residues
were efficiently removed.

The present study of removing chlorpyrifos and cyperme-
thrin from Chinese kale and Pakchoi found water flowing
through for 2 min reduced the chlorpyrifos residue by
62.85%. A previous study reported that washing kale with
running water was the method that reduced the residue
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Table 3. The most efficient household processing method for the removal of chlorpyriphos residues from the vegetables

Household washing Time washing Chinese kale Pakchoi

HAC (o) Mean £ S.D. %Reduction Mean £ S.D. %Reduction
Unwashed 0.088 £ 0.00022* 0.065 £ 0.00182¥

Normal water 15 0.042 + 0.00012bcex 52.70 0.023 + 0.0031ad2fy 65.41
0.10% NaCl 10 0.037 + 0.000120 58.33 0.025 + 0.0010342ty 62.14
Baking soda 15 0.036 + 0.003520 59.46 0.013 + 0.001620.08% 80.52
Water flowing through 2 0.033 + 0.0004 20 62.85 0.035 + 0.0006254 46.04
Blanching 0.044 + 0.0001c9x 50.44 0.040 + 0.00302524Y 37.96

Mean £ S.D. = mg/kg £ S.D. Values given are the mean of three analyses. Mean + S.D. within each household washing method having is
significantly different at P<0.05.%Y within a row, means washing vegetables two type different in household washing method.2%¢4f within a

column, means having differ of each household washing method.

Table 4. The most efficient household processing for the removal of cypermethrin residues from vegetables

Household washing Time washing Chinese kale Pakchoi

HAC (5] Mean £ S.D. %Reduction Mean £ S.D. %Reduction
Unwashed 0.064 £ 0.00032 0.036 + 0.0010%

Normal water 15 0.021 + 0.00022cdefx 66.29 0.018 £ 0.00352¢¥ 51.13
0.10% NaCl 10 0.035 + 0.00190%% 45.65 0.024 + 0.003420% 33.75
Baking soda 15 0.023 + 0.00412bdex 63.64 0.022 + 0.00022Y 38.14
Water flowing through 0.024 + 0.0182200ix 61.63 0.020 £ 0.00122Y 44.88
Blanching 0.033 £ 0.00262bx 47.86 0.017 £ 0.00163¢Y 52.42

Mean £ S.D. = mg/kg £ S.D. Values given are the mean of three analyses.Mean + S.D. within each household washing method having is significantly

different at P<0.05. *¥ within a row, means washing vegetables two type different in household washing method.
abedef within a column, means having differ of each household washing method.

of profenophos in kale the most, and washing with bak-
ing soda for 15 min reduced it by 80.52% from Pakchoi
(Wanwimonrak et al., 2015), which was the best method
according to previous researchers (Korranee Ramad,
2016) because sodium bicarbonate can get rid of chemi-
cals, insecticides, organophosphates, and organochlorine.
In addition, soaking in clean water for 15 min reduced the
amount of cypermethrin by 66.92% (Saravi et al., 2014)
and had the best efficiency for Pakchoi, while blanching for
2 min reduced cypermethrin by 52.42%. Other research-
ers (Chandra Subhash et al., 2015) reported that blanch-
ing eggplant and okra samples could reduce chlorpyrifos,
cypermethrin, and monocrotophos residues by 99.7%.

There are common household processes to modern tech-
niques to help eliminate pesticides as cold plasma, ozone,
high hydrostatic pressure, etc. Mohsen Gavahian et al.,
(2020) reported that cold plasma is a new technique
that facilitates the decomposition of food contaminants
and can decompose a variety of pesticides such as para-
thion, paraoxon, omethoate, dichlorvos, malathion, azox-
ystrobin, cyprodinil, fludioxonil, cypermethoate. and
chlorpyrifos effectively.

Phan et al. (2018) reported the effectiveness of gliding
arc discharge plasma in the degradation of pesticide resi-
dues sprayed on mangoes. They also explored the effects
of this plasma treatment on some quality characteristics
of mango at 5 min of plasma treatment with the carrier
gas of argon that successfully reduced the level of cyper-
methrin and chlorpyrifos by 63% and 74%, respectively.
The pesticide removal from vegetables by using ozone,
a powerful oxidant, helps decompose organic matter or
pollutants. Ozone was also reported as an effective spori-
cidal and was able to remove the residue at 60% to 99.9%
(De Souza et al., 2018). The carrots dipped in ozonated
water (10 ppm) at 14°C for 60 min showed the removal
of 96% and 79.8% difenoconazole and linuron. (De Souza
et al., 2018). The ultrasonic cleaning of cucumbers for 20
min removed around 50% to 85% of spiked organophos-
phorus pesticides, namely, dimethoate, trichlorfon, and
fenitrothion (Liang et al., 2012). However, using ultra-
sonic waves to remove pesticides from the whole fruit or
vegetable is less explored.

Various household residue removal methods could serve
as an effective tool to reduce the risk of dietary exposure
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to residues. Washing is the most commonly used method
and should be conducted in every kitchen. Our study
results were consistent with previous studies and con-
firmed that pesticide residues could be easily removed by
common household methods.

Conclusion

By washing vegetables and fruits immediately before
consumption, chlorpyrifos and cypermethrin residues
can be effectively reduced to a safe level. Among the
household washing treatments, 15 min of baking soda
washing was the most effective for reducing pesticide
residues. However, other household washing treatments
can also reduce the content of chlorpyrifos and cyperme-
thrin. The methods discussed in the present study were
straightforward, and consumers can use this technique
in their kitchens to reduce their exposure to dietary
pesticides.
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