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Reduction of Pesticide Residues on Fresh
Vegetables with Electrolyzed Water Treatment
Jianxiong Hao, Wuyundalai, Haijie Liu, Tianpeng Chen, Yanxin Zhou, Yi-Cheng Su, and Lite Li

Abstract: Degradation of the 3 pesticides (acephate, omethoate, and dimethyl dichloroviny phosphate [DDVP]) by
electrolyzed water was investigated. These pesticides were commonly used as broad-spectrum insecticides in pest control
and high-residual levels had been detected in vegetables. Our research showed that the electrolyzed oxidizing (EO) water
(pH 2.3, available chlorine concentration:70 ppm, oxidation-reduction potential [ORP]: 1170 mV) and the electrolyzed
reducing (ER) water (pH 11.6, ORP: -860 mV) can reduce the pesticide residues effectively. Pesticide residues on fresh
spinach after 30 min of immersion in electrolyzed water reduced acephate by 74% (EO) and 86% (ER), omethoate by
62% (EO) and 75% (ER), DDVP by 59% (EO) and 46% (ER), respectively. The efcacy of using EO water or ER water
was found to be better than that of using tap water or detergent (both were reduced by more than 25%). Besides spinach,
the cabbage and leek polluted by DDVP were also investigated and the degradation efcacies were similar to the spinach.
Moreover, we found that the residual level of pesticide residue decreased with prolonged immersion time. Using EO or
ER water to wash the vegetables did not affect the contents of Vitamin C, which inferred that the applications of EO or
ER water to wash the vegetables would not result in loss of nutrition.
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Practical Application: With increased consumption of fresh fruits and vegetables, presence of pesticide residues in fresh
produce has become a health concern for consumers due to potential long-term adverse effects on human health. In
an attempt to nd a better method to reduce the pesticide residues, the efcacy of electrolyzed oxidizing water (EO
water) and electrolyzed reducing water (ER water) treatments on eliminating 3 pesticides (acephate, omethoate, and
DDVP) commonly used in growing vegetables was investigated. This study demonstrated that electrolyzed water could
be used to reduce pesticide residues on fresh vegetable and have a positive impact on ensuring safety of fresh vegetables
for consumption.

Introduction
The demand of high-quality fresh produce for consumers has

long been a major drive force for applying pesticides to control
insects and diseases. With increased consumption of fresh fruits
and vegetables, presence of pesticide residues (such as acephate,
omethoate, and dimethyl dichloroviny phosphate [DDVP] com-
monly used in growing vegetables) in fresh produce has become
a health concern for the consumers due to potential long-term
adverse effects on human health (Bolognesi and Morasso 2000).

Fresh fruits and vegetables are commonly rinsed with water
upon harvest to remove mud and dirt on the surface, and con-
sumers tend to wash them again with or without detergent before
consumption (Gai and others 2002). However, the process usually
has little effect on removing pesticide residues. There is a need
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to identify effective means for eliminating pesticide residues on
fresh produce for safe consumption. Ong and others (1996) stud-
ied effects of chlorine and ozone washes for removing pesticide
from apples and reported that a high concentration of chlorine
(500 ppm) in water was required to reduce pesticide residue on
apples by 50% to 100% after washing the apples in the ozonated
water. However, washing apples with ozone (0.25 ppm) water was
not effective in reducing pesticides on the surface because of the
low-ozone concentration. A recent study reported that washing
vegetables with ozonated water containing 1.4 ppm of dissolved
ozone was effective in reducing 60% to 99% of methyl-parathion,
cypermethrin, parathion, and diazinon, when the vegetables were
soaked in the solution for 30 min with the greatest degradation of
the pesticides occurring in the rst 5 min (Wu and others 2007).
(Joseph and Shem (2002) reported that heating produce in boiling
water (100 ◦C, 6 h) was capable of destroying pesticide malathion.
However, the heating process usually results in loss of nutrients
and is not suitable for processing fresh fruits or vegetables. Alter-
native methods for eliminating pesticide residues on fresh fruits
and vegetables remain to be developed.

Electrolyzed water, generated from electrolysis of a dilute solu-
tion of sodium chloride, has recently been introduced as a sanitizer
for the food industry. The electrolyzed oxidizing (EO) water gen-
erated at the anode side contains properties of low pH value,
high oxidation-reduction potential (ORP), and hypochlorous
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acid, while the electrolyzed reducing (ER) water generated at
the cathode side contains properties of high pH value and low
ORP (Su and others 2007). EO water has been reported to ex-
hibit strong antibacterial activity against a number of food-borne
pathogens including Salmonella enteritidis, Listeria monocytogenes,
and Escherichia coli O157:H7 in fruits and vegetables and on food-
processing equipment (Park and others 2001; Fabrizio and Cutter
2004; Koseki and others 2001; Kim and others 2000a, 2000b).
Some studies also reported that EO water could be used as an al-
ternative to conventional fungicides for controlling plant diseases
(Bonde and others 1999; Mueller and others 2003; Ken and others
2005).

The lack of strong antibacterial activity of ER water has limited
its application in the food industry. However, a study reported
that ER water could be used to replace trisodium phosphates in
preventing attachment and for removal of feces from surfaces of
chicken carcasses (Kim and others 2005). Another study also re-
ported that ER water could be used as a prewash agent and was
applicable for a combined usage with EO water to enhance micro-
bial reduction in vegetables (Koseki and others 2004). The strong
oxidizing characteristic of EO water and the cleaning property of
ER water make electrolyzed water treatment a potential means to
eliminate pesticides from fresh fruits and vegetables.

This study examined the efcacy of EO and ER water treat-
ments on eliminating 3 pesticides (acephate, omethoate, and
dimethyl dichloroviny phosphate) commonly used in growing
vegetables. Moreover, considering that EO and ER water treat-
ments may cause the loss of nutritional elements, and the Vitamin
C (VC) of vegetables is a major nutrient that easily decomposes
and is well soluble in water, the contents of VC of the spinach
treated with EO and ER water were also determined to evaluate
the effect on the nutritional elements of EO and ER water.

Materials and Methods
Chemicals

Three pesticides, acephate (Wei-Yuan Biochemistry Inc., Shi-
jiazhuang, China), omethoate (Sha-Long-Da Pesticide Inc.,
Zhengzhou, China), and DDVP (Tianjin Pesticide Inc., Tianjin,
China), and their standards were obtained from the Environmen-
tal Monitoring Department of Ministry of Agriculture of China.
Acetone, sodium sulfate, active carbon, methylene chloride, 2,6-
dichlorophenol indophenol, and ascorbic acid were obtained from
Beijing Chemicals Inc., (Beijing, China). All chemicals used in the
study were analytical grade.

Preparation of electrolyzed water
EO water and ER water were generated from electrolysis of

0.1% NaCl solution using an electrolyzed water generator made
in our laboratory with settings of 1 A (current) and 24 V (voltage).
The pH and ORP of electrolyzed water were measured with a
pH/ORP meter (Model 86802, Thermo Electron Corp., Boston,
Ma., U.S.A.). The available chlorine concentration (ACC) in the
water was determined with the iodometric method (Block 1983)
using a digital titrator (model 16900, Hach Company, Loveland,
Colo., U.S.A.). Properties of electrolyzed waters were determined
immediately after preparation. The physical and chemical param-
eters of EO water were pH 2.3, ORP 1170 mV and ACC 70
mg/L, respectively and the physical and chemical parameters of
ER water were pH 11.6, ORP –860 mV, respectively.

Sample preparation
Fresh vegetables of spinach, cabbage, and leek were purchased

from a local supermarket and stored at 4 ◦C until used. The vegeta-

bles were rinsed briey with tap water to remove dirt and the roots
were cut off. The samples were then totally immersed in solutions
of acephate (0.1%), omethoate (0.1%), or dimethyl dichloroviny
phosphate (DDVP, 0.125%) for 5 min and then air-dried at room
temperature (25 ◦C). The concentration of pesticide solutions was
decided according to their eld application concentration. Exper-
iments were repeated 3 times using fresh vegetables from the same
sources.

Experiment design and treatment
In this paper, 3 experiments were designed to investigate the

efcacy of electrolyzed water to reduce pesticide residues on fresh
vegetables. In the 1st experiment, the impact of electrolyzed wa-
ter on pesticides residues of spinach samples contaminated with 3
kinds of pesticides (acephate, omethoate, and DDVP) were evalu-
ated in comparison with tap water and detergent solutions. In the
2nd experiment, the effect of the dipping time of electrolyzed wa-
ter and the types of vegetables on the decontamination of pesticide
residues were evaluated. In the 3rd experiment, considering that
EO and ER water treatments maybe cause the loss of nutritional
elements, and the VC of vegetables is a major nutrient that easily
decomposes and is well soluble in water, the contents of VC of the
spinach were also determined after dipping in EO and ER water.

Pesticide-contaminated vegetable (200 g) was then soaked in
800 mL of EO water (pH 2.3, ACC: 70 ppm, ORP: 1170 mV)
or ER water (pH 11.6, ORP: –860 mV) at room temperature
(25 ◦C). Pesticide residues on electrolyzed water treated vegetable
were analyzed after 10, 20, 30, 45, and 60 min of treatments. Since
Gai and others (2002) reported that tap water and house cleaning
detergent solution can eliminate pesticide residue, reductions of
pesticide residues on vegetables after the treatments were compared
with treatments of soaking the vegetables in tap water or in a
house cleaning detergent solution (Beijing Goldsh Technology
Inc., Beijing, China; its main component is linear alkyl benzene
sulfonate) for 30 min. All treatments were agitated at 150 rpm/min
using a platform shaker (model HZQ-S, DongLian Electronic Inc.,
HaErBin, China). All samples were air-dried at room temperature
(25 ◦C) before being analyzed for pesticide residues.

The measurement of VC was as follows: 100 g of spinach was
washed with tap water to remove dirt and the roots were cut off.
The samples were rinsed in 500-mL asks full of EO and ER
water and were taken out after 0, 5, 10, 30, 60 min, respectively,
for measurement. The contents of VC in spinach was measured
by the method of El Bulk and others (1997) and expressed as
mg/100 g.

Extraction and purication of pesticides from samples
Extraction and purication of acephate from samples was con-

ducted according to procedures of China National Standards (GB
14876–94). Briey, 10 g (±0.001 g) of vegetable sample and 80
g of sodium sulfate (Na2SO4) were mixed and then ground to
powder with a muller. The sample powder was transferred to a
conical ask followed by addition of 0.4 g of active carbon and 80
mL of acetone. The ask was stopped with a plug and agitated at
150 rpm/min on a platform shaker for 30 min. The solution was
then ltered through a colander under 0.1 MPa of vacuum and
the ltrate was concentrated to 5 mL using a rotary evaporator at
40 ◦C under 0.1 MPa of vacuum (model SBXZ-1A, ShangHai
Shenbo Glass Inc., Shanghai, China). Extraction and purication
of omethoate and dimethyl dichloroviny phosphate from samples
were conducted according to the procedures of China National
Standards (GB/T 5009.20–1996). The procedures were similar
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to those used for acephate extraction, except the sample-sodium
sulfate powder was mixed with 0.4 g active carbon and 70-mL
methylene chloride and agitated at 150 rpm/min for 30 min. The
solution was then ltered as described earlier, and the ltrate was
held in a ventilated cabinet for 48 h to reduce the volume to 2.0
mL by natural evaporation at room temperature (25 ◦C).

Analysis of pesticide with gas chromatograph
Pesticide residues in ltrate from each treatment were analyzed

with a gas chromatograph (model GC14A, Shimadzu Inc., Shi-
mane, Japan) equipped with a Flame Photometric Detector, a split
injector, and a column (HP-5, 30 m × 0.32 mm). The column
temperature increased from 120 to 240 ◦C at a rate of 30 ◦C/min.
The temperatures of injector and detector were 250 and 260 ◦C,
respectively. The ow rate of N2 was 1.5 mL/min, and the pres-
sure of H2 and air were 1.2 and 0.8 kg/cm2, respectively. The
gas chromatograph was injected into 20μl of samples, and the
measurements were performed with 3 replications. The pesticides
contents of samples were determined by known concentration (2
mg/kg) of the pure insecticide standard solution.

Statistical analysis
The pesticide residues were calculated using the following for-

mula:

Pesticide residues = remaining residues (ug/kg)
initial residues (ug/kg, no wash)

.

For each treatment, data from independent replicate trials were
pooled and the means and the standard deviations were calculated.
All data were analyzed using Duncan’s multiple range test after the
signicance was determined by one-way analysis of variance (SPSS
11.0 for Windows, SPSS Inc., Chicago, Ill., U.S.A.). Signicant
differences between treatments were established at a signicance
level of P < 0.05.

Results and Discussion

Reduction of pesticide residue on vegetable by
electrolyzed water treatments

Efcacies of electrolyzed water wash in reducing residues of
acephate, omethoate, and DDVP on fresh spinach were reported
in Figure 1. Soaking fresh spinach in tap water with agitation
(150 rpm/min) for 30 min was not effective in reducing pesticide
residues and could only reduce acephate, omethoate, and DDVP
by 22%, 15%, and 18%, respectively. Soaking fresh spinach in the
detergent solution increased the reduction of acephate (54%) but
not omethoate (10%) or DDVP (23%), when compared with tap
water treatments.

Washing vegetables with electrolyzed water was more effective
than washing with tap water or detergent solution in reducing
pesticide residues. Residues of acephate on spinach were reduced
by 74% or 86% after 30 min of washing in EO or ER water.
Similarly, residues of omethoate were reduced by 62% or 75%
after the EO or ER water treatment. However, washing fresh
spinach in electrolyzed water was less effective in reducing DDVP
(59% by EO water wash and 46% by ER water wash) than in
reducing acephate or omethoate. Nevertheless, these results clearly
indicate that both EO and ER water could be used to wash fresh
vegetables to reduce pesticide residues and reduce human health
risk associated with fresh vegetable consumption.

Effect of dipping time of electrolyzed water on reducing
pesticide residues on spinach

Effects of electrolyzed water immersion time on the reduction
of 3 pesticides residues on fresh spinach are reported in Figure
2 to 4. Holding fresh spinach in electrolyzed water for 10 min
resulted in 32% (EO water), 27% (ER water); 63% (EO water),
39% (ER water); and 38% (EO and ER water) reductions of
DDVP, omethoate, and acephate, respectively. The reductions of
the pesticides on fresh spinach increased to 59% (EO water) and
46% (DDVP), 62% (EO water) and 75% (ER water) (omethoate),
74 (EO water)% and 86% (ER water) (acephate) after 30 min
of immersion in electrolyzed water. At the end of 60 min of
electrolyzed water treatments, residues of DDVP, omethoate, and
acephate on fresh spinach were reduced by 70% (EO water), 95%
(ER water); 77% (EO water), 80% (ER water); and 85% (EO
water), 91% (ER water), respectively.
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Figure 1–Efcacy of electrolyzed water wash (30 min) on reducing
acephate, DDVP, and omethoate on fresh spinach. All treatments and
determinations were performed in triplicate. The treatment solutions were
tap water (TW), detergent solution, EO water and ER water. The different
letters indicate signicant differences (P < 0.05).
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Figure 2–Effect of dipping time of electrolyzed water on reducing DDVP
residues on fresh spinach.
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Efcacy of elimination of the residues of DDVP
in different vegetables by electrolyzed water

Besides spinach, the cabbage and leek polluted by DDVP were
investigated by treatment with electrolyzed water in comparison
with tap water and detergent treatments in the experiments and the
soaking time was 30 min. The results were showed in Table 1. The
efcacy of the elimination to DDVP residues on either cabbages
or leeks were both over 60% using electrolyzed water (the residues
percentage was less than 30% in cabbages and less than 40% in
leeks) and better than using tap water (the residues percentage
was more than 30%) and detergent (the residues percentage was
60% in cabbages and 72% in leeks). These results indicated that
the type of vegetable could not affect the elimination efcacy of
electrolyzed water, and treating the fresh vegetables with pesticides
residues using electrolyzed water will be an effective method to
eliminate the pesticides residues.

Effect of dipping time of electrolyzed water
on the contents of VC in vegetables

Because EO and ER water may affect the nutrition of fresh
vegetables, the contents of VC in treated spinach were measured.
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Figure 3–Effect of dipping time of electrolyzed water on reducing
omethoate residues on fresh spinach.
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Figure 4–Effect of dipping time of electrolyzed water on reducing acephate
residues on fresh spinach.

The results were showed in Table 2. It was found that the contents
of VC in spinach remained at 35.6 to approximately 36.2 mg/100 g
in spite of dipping for different time by EO and ER water. There
was no signicant difference in the contents of VC of spinach
treated for different time by EO and ER water (P < 0.05). The
results showed that using EO and ER water to treat the vegetables
could not affect the nutritional elements and would not result in
loss of nutrition.

Many studies demonstrated that EO water has strong ability
to kill the pathogens on fresh vegetables (Venkitanarayanan and
others 1999; Yang and others 2003; Eun-Jin Park and others 2009;
Allende and others 2009), and the lack of strong antibacterial
activity of ER water as a by-product in the generation of EO
water has limited its application in the food industry. In the present
study, efcacies of the 2 types of electrolyzed water in reducing
residues of acephate, omethoate, and DDVP on vegetables were
investigated. The results showed that washing fresh vegetables with
electrolyzed water was much more effective than wash with tap
water or detergent solution in reducing acephate, omethophate,
and DDVP pesticide residue on vegetables. These phenomena
inferred that EO and ER water could be applied extensively in
the food industry.

Van and others (2009) reported that high doses of EO water did
not affect the nutritional and sensory qualities of fresh-cut iceberg
lettuce after washing for 10 min. In the present paper, no loss of
VC of vegetables treated by electrolyzed water for different times
was found and the results were in agreement with their study.

EO water has low pH (<2.7), high ORP (>1100 mV) and high
available chlorine concentration (30 to 200 ppm) and ER water has
high pH (>11) and low ORP (<−850 mV). The strong oxidizing
characteristic of EO water and the cleaning property of ER water
make electrolyzed water treatment a potential means to eliminate

Table 1–Efcacy of reduction of DDVP residues in different veg-
etables with different solutions.

Relative DDVP residues in different vegetables (%)

Cabbage Leek

Different DDVP DDVP
treatments residues Signicance residues Signicance

No wash 100 a 100 a
TW wash 82.5 ± 3.2 b 84.2 ± 5.0 b
Detergent wash 60.4 ± 5.1 c 72.3 ± 3.3 c
EO water wash 23.2 ± 4.2 d 36.5 ± 5.7 d
ER water wash 17.7 ± 3.5 d 34.3 ± 4.1 d

Values are the means of 3 replicated measurements ± standard deviation; the different
letters indicate signicant differences (P < 0.05) and comparison of means were formed
using Duncan’s multiple comparison test; TW was the tap water come from China
Agricultural Univ.

Table 2–Effect of electrolyzed water treatments on the contents
of VC on spinach for different time.

EO water ER water

Vitamin C Vitamin C
Dipping (VC) contents (VC) contents
time (min) (mg/100g) Signicance (mg/100 g) Signicance

0 35.73 ± 0.58 a 35.73 ± 0.58 a
5 35.89 ± 0.86 a 34.37 ± 0.57 a

10 35.61 ± 0.29 a 36.12 ± 0.88 a
30 35.82 ± 1.01 a 34.86 ± 1.34 a
60 34.38 ± 0.57 a 36.58 ± 1.88 a

Values are the means of 3 replicated measurements ± standard deviation; the different
letters indicate signicant differences (P < 0.05) and comparison of means were formed
using Duncan’s multiple comparison test.
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pesticides from fresh vegetables. The chemical structure of most of
organic phosphorus insecticides contain P = O and C = O such as
acephate, omethoate, and DDVP. The nucleophilic reagent could
break down the double bond in the acid and alkaline conditions
and then bimolecular nucleophilic substitution can occur (Tang
chuchi and Li yuchang 1998). Therefore, we can infer that re-
moval of organophosphorous insecticide with electrolyzed water
is possible. However, the mechanism of pesticide degradation with
electrolyzed water and the structure of degradation product needs
further research.

Conclusions
Washing fresh vegetables with electrolyzed water was much

more effective than that washing with tap water or detergent
solution in reducing acephate, omethoate, and DDVP pesticide
residue on vegetables. Washing fresh spinach in EO or ER water
at room temperature for 30 min was capable of removing residues
of acephate, omethoate, and DDVP. Using EO or ER water to
wash the fruits and vegetables did not affect VC content and could
not result in loss of nutrition. This study demonstrated that elec-
trolyzed water could be used to reduce pesticide residues on fresh
vegetable and have a positive impact on ensuring safety of fresh
vegetables for consumption.
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