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ABSTRACT: The effect of electrolyzed reducing water (ER) on a degradation of carbendazim residues 
degradation of cherry tomato (Solanum lycopersicum L. var. cerasiforme) was investigated. Electrolyzed water 
was generated by electrolysis from 5% NaCl solution. The cherry tomato samples were washed in ER water at 
different concentrations (100, 250, 500 and 1000 mg/L) and in distilled water (control). The standard carbendazim 
solution (5 mg/L) was treated with the previous concentrations of ER. Reduction of residual carbendazim was 
determined by high performance liquid chromatography (HPLC) while liquid chromatography-quadrupole-time-
of-flight mass spectrometer (Agilent, LC-6545 Q-TOF/MS) was used to determine the concentration of anions as 
major degradation products. It was found that all concentration of ER water significantly reduced carbendazim 
solution, compared to control. The ER water at 250 mg/L could effectively remove carbendazim residues from 
cherry tomato, most of the degradation occurred within 30 min. Residue of carbendazim on cherry tomato were 
reduced by 60.36%, 80.49%, 67.32%, and 64.68% after 30 min washing in ER 100 mg/L, 250 mg/L, 500 mg/L, 
and 1000 mg/L, respectively. 
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1. INTRODUCTION 
 

Cherry tomato (Solanum lycopersicum L. var. 
cerasiforme) is one of the popular tomato varieties in 
Thailand which is locally consumed and exported. It 
is a small tomato with high nutritional value and can 
be consumed as fresh or processed tomato. The cherry 
tomato growers usually apply fungicides and 
insecticides many times until the fruit were harvested. 
As a result, there are excessive amounts of various of 
pesticides left on the fruits. The pesticide residue is 
an important problem and becomes seriously related 
to human health problems and hazardous to the 
environment. One of the serious problems of 
harvested tomato is pesticide residue over the 
Maximum Residues Limits (MRLs). Thai Pesticide 
Alert Network [1] also reported that 11.11% of 
tomato samples in Bangkok, Chiang Mai and Ubon 
Ratchathani province were contaminated with the 
pesticide residues over the MRLs. It was shown that 
pesticide residue mostly found in tomato was 
carbendazim. Carbendazim is a very active systemic 
broad spectrum fungicide. It is very cheap and 
effective, so it is used extensively in each harvesting 
season to control fungal diseases. For example, it is 
used to prevent Sclerotinia stem rot (caused by 
Sclerotinia sclerotiorum) in various fruits, vegetables, 
and other plants [2-4]. Carbendazim is classed as a 

possible human carcinogen [5,6]. It is persistent and 
very toxic and has been banned in Australia, USA  
and most European Union countries [7,8]. The MRLs 
for carbendazim in tomato is 0.5 mg/kg. The 
carbendazim residues in vegetables affects on the 
health of customers and causes huge downside for 
Thai clients and exporters. The residue problem 
comes from the inefficient processes of planting and 
cleaning raw materials. The most common practice 
for reducing contamination is using a sanitizer. 
Finding the appropriate process to eliminate chemical 
contaminant which has the least impact on human 
health and environment would be an ideal 
requirement. In the past, the researchers applied 
different techniques to reduce the pesticide residues 
such as washing with tap water or strong oxidizing 
agent e.g. ozone and chlorine dioxide.  

 
Nowadays, the advanced oxidation processes 

(AOPs) have been proposed for removing pesticide 
residues from fruits and vegetables such as 
electrolyzed water. Various studies on the application 
of AOPs for the pesticide residue reduction have been 
reported electrolyzed water is a chlorine based 
solution produced by electrolyzing a diluted salt 
(usually NaCl) solution in an electrolytic chamber 
with anode and cathode. ER water is generated from 
the cathode side. It may also be able to reduce the 
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residues through alkaline hydrolysis. Moreover, it 
was found that electrolyzed water is an effective 
treatment to degrade the insecticide residues on 
agricultural products. For example, Qi [9] suggested 
that ER water was effective in degrading phosmet and 
the longer treatment time resulted in the higher 
reductions of diazinon, cyprodinil, and phosmet. 
Jianxiong Wuyundalai Liu Chen Zhou Su and Lite 
[10] also found that using ER water in fresh spinach 
for 30 mins reduced acephate by 86%, omethoate by 
75% and DDVP by 46%. In addition, Tamjapo 
Uthaibutra and Whangchai [11] indicated that 
chlopyrifos residues in yard long bean could be 
degraded using ER water for 30 min. Furthermore, 
Al-taher Yang Philip and Jack [12] reported the effect 
of various washing treatments with a combination of 
the ultrasonication on acephate, malathion, carbaryl, 
bifenthrin, cypermethrin, permethrin, cyhalothrin, 
chlorothalonil, and imidacloprid removal from 
tomatoes. They found that removing of pesticides 
from tomato surface depended on the washing 
treatments e.g. washed with water, sodium 
hypochlorite, peroxyacetic acid, or Tween 20 with 
and without sonication. 

Therefore, this study focused on the effect of ER 
water on the carbendazim fungicide removal from 
cherry tomato fruit. 

 
2. MATERIALS AND METHODS 

 
2.1 Plant Material 

 
Organic cherry tomato fruit at a commercial 

harvesting stage was obtained from a local market, 
Chiang Mai Province, Thailand and was transported 
to the Postharvest Technology Research Center, 
Faculty of Agriculture, Chiang Mai University. It was 
carefully selected for uniformity in shape, color and 
size, and insect bites, blemished or diseased fruit was 
discarded. 

 
2.2 Chemicals Preparation 
 

Standard carbendazim fungicide was purchased 
from Ehrenstorfer™ with 99.0% purity. Stock 
solution (1000 mg/L) for the residue analysis was 
prepared in acetone. The solution was diluted with 
distilled water to appropriate working concentration 
(5 mg/L). 

 

 
 

Fig.1 Structure of carbendazim 
 

2.3 Electrolyzed Water Preparation 
 

The ER water was generated by electrolyzing 5% 
NaCl solution by mixing 500 g NaCl in10 liters of 
distilled water in an electrolytic chamber with anode 
and catthode. The electrodes were then subjected to a 
direct current of 8 A and 8 V using DC power source 
for 1 hour. The ER water was in the cathode side. The 
pH and Oxidation Reduction Potential (ORP) were 
measured using pH/ion meter. The properties of ER 
water were determined immediately after preparation. 
The physical and chemical parameters of ER water 
were pH 11.5, ORP 260 mV. The concentrations of 
ER water used in this study, were 100, 250, 500 and 
1000 mg/L. Ten milliliters of standard carbendazim 
solution (5 mg/L) was added to 20 mL of ER water at 
the concentrations previously mentioned and distilled 
water (control). The removal percentages of each 
standard carbendazim fungicide sample were 
determined by high performance liquid 
chromatography (HPLC). 
 
2.4 Washing Treatments 
 

One kilogram of cherry tomato was divided into 5 
groups of 200 g each group were spiked with 5 mg/L 
carbendazim and 1% tween20 then air dried at room 
temperature. After that, the fruits were left to soak in 
different concentrations of ER water (100, 250, 500 
and 1000 mg/L) and distilled water (DW) that control 
for 30 min (without shaking). After treatment, all 
samples were air dried at room temperature for 1 hour 
before fungicide extraction. 

 
2.5 Analytical Method 
 

The carbendazim residue in cherry tomato was 
extracted with the QuEChERS extraction kit (Agilent 
Quick, USA.) and homogenized according to 
Anastassiades Lehotay Stajnbaher and Schenck [13]. 
Tomato sample (15 g) was cut into small pieces and 
extracted with 15 mL acetronitrile in a 50 mL Teflon 
centrifuge tube. The Q-sep QuEChERS Extraction 
Salt was added, immediately shaken on a vortex 
mixer for 2 min. Then centrifuged at 4,000 rpm for 5 
min.  

Additionally, a clean-up step was conducted in the 
optimization procedure. After centrifugation step, the 
supernatant (about 5 ml) was transferred into a 
QuEChERS Dispersive SPE 15 mL. After shaking for 
2 min and centrifugation at 8,000 rpm for 12 min, 1 
mL of the supernatant was taken, filtered through a 
0.45 μm nylon filter and injected into the LC–MS/MS 
system. The samples were analyzed with LC-6545 Q-
TOF/MS, each analysis was done with 5 replicates. 

For the LC analysis, an Agilent 1260 infinity II 
with a Poroshell 120 EC-C18 analytical column of  
2.1 mm x 100 mm and 2.7 μm particle size was used. 
The mobile phases, A and B, were H2O + 5 mM NH4 
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formate + 0.1% formic acid and MeOH + 5 mM NH4 
formate + 0.1% formic acid, respectively. The 
gradient program started with 95% of A for 1.5 min, 
changed to 5% (10 min) then followed by a return to 
the initial conditions within 5 min. 

A liquid chromatography-quadrupole-time-of-
flight mass spectrometer (Agilent, LC-6545 Q-
TOF/MS) was used to analyze the mass spectrometry. 
The electrospray ionization (ESI) source was 
operated in positive ionization mode and its 
parameters were as follows: temperature: 150ºC, gas 
flow of 10 L/min, nebulizer gas: 45 psig, capillary 
voltage: 3500 V. Nitrogen was served as the nebulizer 
and collision gas. The multiple reaction monitoring 
(MRM) was used, with a delta time of 1.0 min for 
each analyte. 

 
2.6 Statistical Analysis 
 

The data were analyzed by SPSS 16.0, Significant 
difference was considered at p<0.05.  

 
3. RESULTS AND DISCUSSION 

 
It was found that the removal percentage of 

standard carbendazim was significantly increased at 
all concentration of ER applied, compared to control. 
ER water at 250 mg/L was the most effective 
concentration for removing carbendazim residues, the 
removal was 52.80%. Washing cherry tomato with 
ER water was more effective than washing with 
distilled water. Residue of carbendazim on cherry 
tomato were reduced by 60.36%, 80.49%, 67.32%, 
and 64.68% after 30 min washing in ER 100 mg/L, 
250 mg/L, 500 mg/L, and 1000 mg/L, respectively 
(Fig. 2). Similary, Tamjapo Uthaibutra and 
Whangchai [11] reported that treatment of yard long 
bean with ER water 250 mg/L for 30 min could 
degrade chlopyrifos residues. It was also found that 
the ER water could be used as a cleaning solution to 
reduce pesticide residues in fruits and vegetables; for 
example, cabbage, leek [10], beans, grapes [14], and 
cowpea [15].  

 
 
 

 
(a) 

 

 
 

Fig.2 Removal percentage of standard carbendazim 
solution and carbendazim in cherry tomato 
after ER water treatment at different 
concentrations 

 
Table 1 Degradation product of Standard 

carbendazim after treatment of ER water 
 

Treatments Compound 
name 

measured 
mass (m/z) 

DW 
(control) 

dibutyl 
succinate 253 

ER100 dibutyl 
succinate 253 

ER250 - - 

ER500 
atrazine-

desisopropyl-2-
OH 

173 

 dibutyl 
succinate 253 

ER1000 
atrazine-

desisopropyl-2-
OH 

173 

 
 
 
 

 
 
 

(b) 
 
 

Fig.3 Structure of dibutyl succinate (a) and atrazine-desisopropyl-2-OH (b)   
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The degradation products that found in each 
treatment of standard carbendazim were dibutyl 
succinate and atrazine-desisopropyl-2-OH (Table 1 
and Fig.3). The fragment ion at m/z 192 was from 
molecular ions of carbendazim (Fig.4). After 
treatment with the various concentrations of ER 
water, the fragment ion at m/z 192 was loss.  It found 
dibutyl succinate after washing in distilled water, ER 
100 mg/L and ER 500 mg/L, but it could not found in 
ER 1000 mg/L. However, after washing in ER 1000 
mg/L and ER 500 mg/L found atrazine-desisopropyl-
2-OH. Anywise, in ER 250 mg/L could not found the 
degradation product. The fragment ion from the 2 
degradation product are shown in Table 1 and Figs.5-
8. In Michale Ferrer and Amadeo [16] studied in skin 
of tomato that wash with methanol for remove the 
white powder, found the ion trap MS/MS analysis in 
carbendazim was m/z 192 as in these studied. They 
mentioned that the ion trap MS/MS analysis of the 
m/z 192 resulted in a m/z 160 ion with a loss of 
methanol. This loss is consistent with the structure of 
carbendazim and which the accurate mass neutral loss 
from m/z 192 to 160. There are carbendazim-
methanol (160 m/z), buprofezin (306 m/z), 
buprofezin fracgment ion (201m/z), thiophanate 
methyl (343 m/z), thiophanate methyl minus 

methanol (311 m/z) and basic thiophanate 
fragmention (151 m/z). But in this study, there found 
dibutyl succinate (253 m/z), atrazine-desisopropyl-2-
OH (173 m/z) and butopyronoxyl (244 m/z) were 
detected. 

 

 
 

Fig.4 Mass spectrum of carbendazim  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5 Mass spectrum of dibutyl succinate after treatment of carbendazim with distilled water (DW) 
  

 
Fig.6 Mass spectrum of dibutyl succinate 15after treatment of carbendazim with ER water 100 mg/L (ER100) 

Carbendazim   

192.0773 m/z 
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Fig.7 Mass spectrum of atrazine-desisopropyl-2-OH (a) and dibutyl succinate (b) 15after treatment of carbendazim 

with ER water 500 mg/L (ER500) 
  

 
Fig.8 Mass spectrum of atrazine-desisopropyl-2-OH after treatment of carbendazim with ER water 1000 mg/L 

(ER1000) 
 

4. CONCLUSIONS 
 

ER water at 250 mg/L could effectively remove 
carbendazim residues from cherry tomato, most of the 
degradation occurred within 30 min. This study 
demonstrated the ER water could be used to reduced 

cabendazim residues on tomato and have a positive 
impact on ensuring safety of tomatoes for 
consumption. Further studies are also needed to 
investigate the degradation mechanism and possible 
disinfection of by-products after ER washing.  
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