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ABSTRACT 

Chlorpyrifos is widely used to control various insect pests on greenhouse cucumbers in 

Iran. In this study, the effects of the household processing such as washing, peeling, and 

refrigeration storage on the reduction of residue levels in cucumbers were investigated in 

different groups. Samples were collected at 1 hour to 14 days after application of 

chlorpyrifos and analyzed to determine the content of chlorpyrifos. Analysis was carried 

out by the QuEChERS method using GC-NPD. Residue levels in samples throughout a 

period of 14 days showed a gradual and significant (P< 0.05) decrease in contents of 

chlorpyrifos. The half-life (t1/2) of chlorpyrifos applied to cucumbers was 1.9 days. 

Chlorpyrifos was detected in concentration ranges of 0.02-4.73 mg kg-1. Household 

processing, such as washing, peeling and refrigeration storage, was effective in reducing 

the residue levels. Peeling was the most effective way to reduce residues in the cucumbers. 

Obtained results showed that a waiting period after chlorpyrifos application and 

household processing are required for safe consumption of cucumber. 
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INTRODUCTION 

Pesticides are widely used in production of 

agricultural crops, which are susceptible to 

attacks by insects and diseases. Therefore, 

there has been a growing interest in 

detecting and quantifying pesticide 

residues in agricultural produce intended 

for human consumption (Hercegová et al., 

2007; Yuan et al., 2014). The increasing 

public concern over the potential health 

risk associated with exposure to pesticides 

has led to the regulation of Maximum 

Residue Limits (MRLs) of pesticide in 

food commodities (Cengiz et al., 2007). 

Various pesticides are used in greenhouses 

to maintain high crop yields (Juraske et 

al., 2008; Juraske et al., 2009). 

Greenhouse cucumbers are among the 

major vegetable crops that are grown on a 

large scale in Iran, but they are attacked by 

several types of insects which require 

frequent use of insecticides. Chlorpyrifos 

is non-systemic organophosphorus 

insecticide with broad spectrum 

insecticidal activity (Feo et al., 2010; 

Liang et al., 2012). This insecticide is 

registered for application on more than 40 

different food commodities and is widely 

used to control various insect pests on 

greenhouse cucumbers in Iran 

(Hassanzadeh et al. 2012). As a result of 
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their widespread application, the control 

and monitoring of residual levels of this 

insecticide in food is highly necessary, not 

only in order to meet regulatory 

requirements but especially to protect the 

consumers and the environment.  

There are numerous studies in the 

literature which have examined the 

occurrence of chlorpyrifos in fruits and 

vegetables (Chavarri et al., 2004; Chavarri 

et al. 2005; Kurwadkar et al. 2015; Singh 

et al. 2007; Randhawa et al. 2007; 

Hernández-Borges et al. 2009). The 

emphasis has been on the safety periods 

for this organophosphorus insecticide in 

the tested vegetables (Singh et al., 2007).  

Pesticide concentrations in foodstuffs 

have been shown to decrease by careful 

household processing. There is clear 

evidence that culinary treatment of the 

produce, including washing, peeling, and 

cooking can have a significant effect on 

the removal or degradation of pesticides 

(Chavarri et al., 2005).
 
 

The purpose of this study was to 

investigate the dissipation of chlorpyrifos 

residues in different time intervals and, 

furthermore, to determine half-life of 

chlorpyrifos. Another objective was to 

study effect of washing, peeling, and 

refrigeration storage for different periods 

on reducing the residues in cucumber 

samples treated with chlorpyrifos after 

household processing and post harvesting.  

MATERIALS AND METHODS 

Preparation of Chlorpyrifos 

Suspensions and Their Application in 

Greenhouses 

The chlorpyrifos solution was prepared for 

spraying after dissolution in water 

according to the manufacturer's 

instructions. The commercial formulation 

of the chlorpyrifos-based product 

(Dursban 40 EC) was used for application. 

The spray solution of the pesticide was 

prepared by diluting 400 mL chlorpyrifos 

in 100 L water. In this way, a sufficient 

quantity of aqueous suspension was 

obtained for application in the greenhouse. 

The suspension was applied uniformly 

onto the cucumber plant using Aspee Hand 

Knapsack Sprayer. The recommended pre-

harvest intervals were 14 days for 

chlorpyrifos as suggested by the 

manufacturer of this insecticide. Control 

samples were collected and analyzed 

immediately before spraying. 

Sample Collection 

Cucumber was cultivated in two 

commercial greenhouses located in 

Mazandaran, Iran. Samples were collected 

after a 1.5-month growth period. The row-

spacing was 40 cm and the plant-to-plant 

spacing was 20 cm. Prior to the 

application of commercial pesticides, the 

absence of residual pesticides on samples 

was confirmed by residue analysis. Mature 

cucumber samples (marketable size fruits) 

were randomly collected (4.0 kg were 

sampled), at intervals of 0 (1 hour), 1, 3, 5, 

7, 9, 11, 13 and 14 days after pesticide 

applications. The collected samples were 

placed in polyethylene bags and 

transferred to the laboratory after harvest 

and analyzed immediately. 

Household Processing  

In order to assess the effectiveness of 

household processing on reducing 

chlorpyrifos residues, the fruit samples 

collected in each time period were divided 

into four parts and processed separately. 

The first part was unprocessed; the second 

part was washed for one minute under 

running tap water without using detergent; 

the third part was peeled with a knife 

submerged previously in acetone for a 

short time; and the fourth part of samples 

was subjected to a storing procedure and 

kept in darkness at +4˚C for 48 hours in 

the refrigerator in polyethylene bags.  
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Chemicals and Reagents  

Pesticide analytical standard of 

chlorpyrifos and TriPhenyl Phosphate 

(TPP) were purchased with the purity 

certified by Dr. Ehrenstorfer Inc. 

(Augsburg, Germany). Chlorpyrifos stock 

solution (1000 µg mL
-1

) and an internal 

standard solution Tri-Phenyl Phosphate 

(TPP) were prepared in pure acetonitrile 

(MeCN) and stored at −18
◦
C. Calibration 

solutions were prepared with different 

concentrations just before use. HPLC 

grade MeCN and analytical grade 

anhydrous Magnesium Sulfate (MgSO4) 

and sodium chloride (NaCl) were 

purchased from Merck (Darmstadt, 

Germany). Graphitized carbon black 

(GCB, 200 meshes) was obtained from 

Supelco. All glassware was rinsed with 

high purity acetone before use.  

Apparatus 

Gas Chromatography (GC) analyses were 

carried out using a Dani 1000 gas 

chromatograph (Monza, Italy) equipped 

with a Nitrogen–Phosphorus Detector 

(NPD). Chromatographic separation was 

achieved by using a HP-5 fused-silica 

capillary column (30×0.25 mm id, 0.25 μm 

film thickness, SGE). Helium (purity 

99.999%) was used as carrier gas. All data 

were collected on Clarity software 

(DataApex, Prague, Czech Republic). 

Identification of chlorpyrifos residue was 

accomplished by Retention time (tR) and 

compared with a known standard at the 

same conditions. The quantities were 

calculated by determining the area under 

the peak.  

Operating conditions of the gas 

chromatograph were as follows: Injector 

and detector temperatures were 250 and 

300˚C, respectively; the column 

temperature was maintained at 100˚C for 1 

minute and then programmed at 10˚C min
-

1
 to 200˚C, then increased to 280˚C at a 

rate of 5˚C min
-1

, and held for 10 minutes. 

Extraction Procedure  

The QuEchERS method was used for the 

extraction of chlorpyrifos from the 

cucumber samples. This method was 

carried out as described by other 

researchers (Nguyen et al., 2008).
 

According to this method, the sample (1 

kg of cucumber) was chopped and 

homogenized for 5 min at high speed in a 

laboratory homogenizer. An accurately 

weighed amount of 10.0 g of homogenized 

sample was placed into a 50 mL centrifuge 

tube with 10 mL of MeCN and 0.1 mg L
-1

 

TPP (Internal Standard). The screw cap 

was closed and tube shaken vigorously for 

1 min by hand, ensuring that the solvent 

interacted well with the entire sample. 

Then, 4 g of anhydrous MgSO4 and 1 g of 

NaCl were added repeating the shaking 

process again for 1min to prevent 

coagulation of MgSO4. After centrifuging, 

the upper layer was cleaned by dispersive 

solid-phase extraction with 0.5 g of 

graphite carbon black and 1.50 g of 

anhydrous MgSO4. The mixture was then 

shaken for 1min and centrifuged for 5 min 

at 4,000 rpm. The cleaned extract sample 

was concentrated to 1.0 mL with a gentle 

stream of nitrogen and then 1 µL of this 

solution was injected into GC-NPD.  

Quality Assurance and Recovery 

Quantification was based on the peak area 

ratio divided by the internal standard 

(TPP) by comparison with calibration 

curves at various concentrations. Multi-

level calibration curves were created for 

the quantification. Good linearity (R
2
> 

0.998) was achieved for the tested 

intervals which included the whole 

concentration range found in the samples. 

Recovery tests were performed to check 

the efficiency of the residue analysis 

method for estimation of pesticide residues 

in the substrate of samples that were 

analyzed during the study. The method 

was optimized by recovery studies before 
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Figure 1. Dissipation of chlorpyrifos from cucumber fruits.

 

the determination of pesticide residues in 

collected samples. Recovery experiments 

were carried out by spiking cucumber at 

different levels to establish the reliability 

and validity of analytical method adopted. 

Cucumber fruits from the control plots 

were spiked with this insecticide at levels 

of 0.1, 0.50 and 1.0 mg L
_1

 in triplicate. 

These standard solutions were added to the 

chopped cucumber sample in the blender 

jar before homogenization. The same 

extraction procedures and GC conditions 

were applied for both the sample analyses 

and recovery studies. In this way, the 

obtained recovery values were from 86.2- 

96%, with Relative Standard Deviation 

(RSD) values below 15%. Detection 

Limits (LOD) of 0.01 mg kg
-1

 was 

obtained for chlorpyrifos insecticide.  

Statistical Analysis 

All analyses performed on triplicate 

samples, and statistical analysis data 

presented as mean±SD, were subjected to 

Analysis Of Variance (ANOVA). The data 

were tested for homogeneity of variances 

at a significance level of P< 0.05, and 

probability values of less than 0.05 were 

considered as statistically significant (one-

way ANOVA). Significant means were 

subjected to analysis by Duncan's multiple 

range test (P< 0.05). When significant 

differences were found, the Least 

Significant Difference (LSD) test was used 

to determine the differences among means.  

RESULTS AND DISCUSSION  

Results of Chlorpyrifos Application 

The residue concentrations in cucumbers 

obtained in the dissipation study of 

chlorpyrifos and the corresponding first-

order decay fits is presented in Figure 1 The 

average residue concentrations of 

chlorpyrifos in cucumber fruits ranged from 

4.73 mg kg
-1

 at 1 hour to 0.02 mg kg
-1

 14 

days after the spray application. The 

degradation kinetics of this insecticide 

deposits was well described by first-order 

decay equations, [C(t) = 4.73× e
-0.363×t

, R
2
 = 

0.94] (Juraske et al., 2008). According to 

experimental results, the half-life of 
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Table 1. Effects of household processing on the removal of chlorpyrifos residues in periodic intervals 

following pesticide application (Mean±standard error of the mean, mg kg
−1

). 

  Time (Days) Unprocessed Washing Peeling Refrigeration storage 

0 
a
 4.73 ± 0.47 

a
 b

 3.03 ± 0.14 
a
 2.23 ± 0.20 

a
 3.87 ± 0.12

 a
 

1 3.87 ± 0.12 
b
 2.83 ± 0.12 

a
 1.33 ± 0.14 

b
 3.17 ± 0.11 

b
 

3 2.63 ± 0.10 
c
 1.03 ± 0.11 

b
 0.77 ± 0.11 

c
 1.83 ± 0.14 

c
 

5 1.47 ± 0.15
 d

 0.80 ± 0.05
 c
 0.50 ± 0.02 

d
 0.87 ± 0.10 

d
 

7 0.93 ± 0.05 
e
 0.47 ± 0.02 

d
 0.23 ± 0.02 

e
 0.50 ± 0.08 

e
 

9 0.56 ± 0.03 
f
 0.13 ± 0.02 

e
 0.09 ± 0.01 

e
 0.13 ±0.04 

f
 

11 0.13 ± 0.04 
g
 0.05 ± 0.01 

e
 0.02 ± 0.01 

e
 0.07 ± 0.02

 f
 

13 0.06 ± 0.02 
g
    ND 

c
 ND 0.03 ± 0.02 

f
 

14 0.02 ± 0.01 
g
    ND ND 0.01 ± 0.01 

f
 

a  
One hour after pesticide application. 

b
 Values given are mean of three analyses. Values in the column 

followed by different letters are significantly (P< 0.05) different (Duncan's multiple range test). 
c
ND: Not 

Detected. 

 

chlorpyrifos is 1.9 days, if this insecticide is 

applied at the recommended dose on 

cucumber fruits. Residue levels in samples 

which were collected after the application of 

the pesticides throughout a period of 14 days 

showed a gradual and significant (P< 0.05) 

decrease in content of chlorpyrifos. The 

Maximum Residue Limit (MRL) of 

chlorpyrifos on cucumber has been 

prescribed as 0.05 mg kg
-1

 (EU MRL, 2016). 

The residues of chlorpyrifos on cucumber 

fruits were less than its MRL value 13 days 

after application at the recommended 

dosage. Therefore, the results of the present 

study indicate that residues of chlorpyrifos 

degrade below their EU MRL, 13 days after 

application, at the recommended dosage. 

Therefore it is suggested that a waiting 

period of 13 days should be kept before 

harvesting or consumption of cucumbers, in 

order to protect consumer's health.  

In the samples collected from cucumber 

greenhouses, chlorpyrifos residues higher 

than their MRL values were observed in 

initial days. These results agree with other 

authors in that pesticide residue 

concentrations in different fruits and 

vegetables were higher than those 

recommended by MRL (Hernández-Borges 

et al., 2009; Singh et al., 2007). When the 

pre-harvest intervals between pesticide 

applications and harvest are not respected by 

the farmers, the risk of having higher 

pesticide levels is not negligible. In this 

case, the higher levels of pesticide residues 

can involve considerable consumer health 

risks and environmental pollution.  

Table 1 indicates chlorpyrifos residue 

analysis and effects of household processing 

on the 14 days. The variance analysis was 

applied to these results. Also, Duncan 

multiple range tests of significantly different 

means are presented in Table 1. According 

to the results of variance analysis, significant 

reductions in residue levels for chlorpyrifos 

were obtained through both the pre-harvest 

intervals and during the processes which 

were aimed at decreasing pesticide residues 

(P< 0.05). Significant interactions of these 

two parameters were observed on the 

reduction of residues (P< 0.05). According 

to the results of Duncan's multiple range 

test, when compared to the samples which 

were collected 1 h after the pesticide 

application, chlorpyrifos residues were 

significantly (P< 0.05) reduced in samples 

collected 7 or 14 days following the 

pesticide application because pesticide 

residues were rapidly lost from plant 

surfaces. These results agree with other 

authors who reported that chlorpyrifos 

residues were reduced by the pre-harvest 

time and other different processes 

(Randhawa et al., 2007). But, no significant 

effects were observed on the residue level by 

the washing and refrigeration storage 
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Figure 2. Percentage reduction of chlorpyrifos residues after different processes following different Pre-Harvest 

Intervals (PHIs). 

 

process (P< 0.05). No statistical differences 

were observed between the effects of 

washing and refrigeration storage (48 hours 

at 4˚C) on the reduction of residue levels 

(P< 0.05). In addition, the results of the 

Duncan multiple range test shows that the 

most effective process for reduction of 

residues of chlorpyrifos was the peeling 

process.  

The percentage (%) reduction of 

chlorpyrifos residues after three processes in 

cucumber samples collected following 

different pre-harvest intervals are presented 

in Figure 2, which shows a decrease in 

ranges of 27–100% by the washing 

procedure, 53-100% by the peeling 

procedure, and 18-76% by the storage 

procedure at +4˚C for 2 days.  

Washing 

When the cucumber samples washed with 

tap water were compared with cucumbers 

without any treatment, the washed samples 

showed lower chlorpyrifos residues. The 

effect of washing was found to be dependent 

on the initial concentration of pesticide 

residue, more clearly in the last days of pre-

harvest, while the least effect was found on 

initial days. Washing of cucumbers reduced 

the level of chlorpyrifos residues, which can 

be dissolved in water or physically 

dislodged from the surface of raw 

agricultural commodity. Chlorpyrifos is non-

systemic organophosphorous insecticide and 

cannot penetrate into the plant. After 

application, they form a deposit on the 

surfaces of the leaves and fruit which 

facilitates their removal by washing and 

peeling. In a previous study, non-systemic 

residues were reduced by 9–40% on 

cucumber (Hassanzadeh et al. 2010). Polar 

water soluble pesticides are more readily 

removed than low polarity materials 

(Hassanzadeh et al. 2012). 

 Also, hydrolysis is a major removal 

process for OrganoPhosphate Pesticides 

(OPPs). Generally, hydrolysis involves the 

breakdown of one of the phosphoric or 

thiophosphoric esters and is strongly 

dependent on the pH and other solution (Liu 

et al., 2001). Washing with water resulted in 

a great reduction of chlorpyrifos residues in 

treated vegetable fruits and lead to residue 

levels lower than the MRL on several 

different days. It can be stated that washing 

process is effective in reducing chlorpyrifos 

residues. It has been indicated that these 

pesticides are hydrolyzed by water (Liang et 

al., 2012; Xu et al., 2012). Removal studies 
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are reported in the literature by several 

researchers, who found that washing with 

water and/or other solutions resulted in a 

great reduction of various pesticide residues 

in treated vegetable fruits and lead to residue 

levels lower than MRLs (Randhawa et al., 

2007; Baskaran et al., 1999). 

Peeling 

The effect of peeling was found to be the 

most pronounced in the last days of pre-

harvest but least effective on initial days. 

However, chlorpyrifos residue levels in the 

unprocessed samples were much higher than 

in the peeled samples, and the small 

amounts of chlorpyrifos detected in the 

peeled samples could be in part the result of 

contamination during the peeling process. 

Also, the results indicate that the pesticide 

residues actually remain in the peel, as only 

small amounts were identified in the flesh, 

which may be, in part, the result of 

contamination during the process of peeling. 

This has already been reported for other 

non-systemic pesticide/fruit combinations 

(Fernández-Cruz et al., 2004).
 

The data 

indicated that peeling has a significant effect 

on the declining of chlorpyrifos residues on 

different days. These results closely relate 

with the finding of 73% reduction in 

chlorpyrifos residues in asparagus after 

peeling (Chavarri et al. 2005). Also, the 

result of other research indicated that 

washing vegetables and fruits treated with 

non-systemic insecticides with tap water 

removed a magnitude of their residues 

(Keikotlhaile et al., 2010). It is known that 

some of the pesticides penetrate from the 

surface into the deep layers of plant tissues. 

Usually the pesticide is first dissolved in the 

top wax-like layers and then moves to the 

inside. Since some fruits are covered with a 

waxy layer and have a very thin skin, it is 

thought that the pesticides might easily 

penetrate the fruits and accumulate inside 

the pulp. This statement is mainly based on 

the fact that penetration depends on the 

stability of the insecticidal material in the 

lipoid-like or waxy-like layer which covers 

the cuticle. The thicker and oilier the skin, 

the more likely is the penetration (Kaushik 

et al., 2009; Keikotlhaile et al., 2010). 

Because of their high lipophilicity, 

chlorpyrifos can be quickly absorbed and 

strongly retained by the waxes of the 

cucumber skin, making their elimination by 

peeling significant (Soliman, 2001). 

Results from the flesh after peeling 

indicated that chlorpyrifos residues 

practically remain in the peel, as only small 

amounts were identified in the flesh. These 

results could be justified by the high Kow 

(octanol/water partition coefficient) values 

presented by this insecticide (Barcelo et al., 

1997). 

 The data clearly indicated that the peeling 

process had a significant effect on the 

removal of chlorpyrifos residues in 

cucumber: because of a lower penetration 

power of the compound, its incorporation 

into the cuticle layer of the plant surface 

results in deposits removable by peeling 

(Liang et al., 2012). 

Refrigeration Storage 

Processing by refrigerated storage for 2 days 

at +4˚C was the lesser effective way than 

peeling and washing procedures for reducing 

the chlorpyrifos residues of the cucumber 

samples. This can be probably attributed 

only to enzymatic degradation, since the 

process of evaporation and photo 

degradation under cold conditions and 

darkness are negligible (Liu et al., 2001) 

Samples kept under refrigerated storage at 

+4˚C for 2 days had lower chlorpyrifos 

residue contents. This can be attributed to 

lower rates of physiological elimination 

reactions under refrigerated storage, but 

refrigeration assay for the refrigeration 

experiment depends on the specific Pre-

harvest Time (PT) for each pesticide. These 

results of our study relate closely with those 

of other authors who found that pesticide 

residues in fruits already collected decrease 
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when they are stored for several days 

(Chavarri et al., 2005; Chavarri et al., 2004). 

CONCLUSIONS 

In this study, chlorpyrifos insecticide was 

reduced in cucumber samples 14 days after 

pesticides application compared to those 1 

hour after the pesticide application. This 

indicates how pesticide residues are rapidly 

lost from plant surfaces not only by 

volatilization but also by other processes 

such as hydrolisation, photodegradation, 

oxidation etc., which play an important role 

here. The results showed that peeling was 

the most effective process for the reduction 

of residues of chlorpyrifos applied to 

cucumber plants. Refrigerated storage for 2 

days at +4˚C was the less effective way to 

reduce chlorpyrifos residues of the 

cucumber samples. Washing process is 

effective because chlorpyrifos is non-

systemic organophosphorous insecticide and 

cannot penetrate into the plant. After 

application, they form a deposit on the 

surfaces of the leaves and fruit which 

facilitates their removal by washing (Elkins, 

1989; Chavarri et al., 2005; Xu et al.,. 

2012). 

This probably reflects not only their 

higher solubility in the washing water, but 

also their reduced propensity to move into 

waxy layers. The extent to which pesticide 

residues are removed by commercial 

processing depends on a variety of factors, 

such as the chemical properties of the 

pesticide, the nature of the food commodity 

and the processing step, and the length of 

time the compound has been in contact with 

the food (Chavarri et al., 2005; Heshmati 

and Nazemi, 2017; Nazemi et al., 2016). 

Although water solubility plays an important 

role in removal of pesticides, the various 

results obtained were not necessarily 

dependent on this factor alone. In a different 

study, satisfactory relationships were found 

between water solubility, partition 

coefficient, and Henry’s law constant of the 

pesticides with the decrease of pesticides on 

fruits (Radwan et al., 2005). 

When the peel was removed, a greater 

amount of the pesticide residue was also 

removed. The presence of pesticide residues 

in the skin of the tested vegetables indicates 

that a peeling process can help remove the 

pesticide residues from the commodity. 

Samples kept under refrigerated storage at 

+4˚C for 2 days have low chlorpyriofos 

residue contents. But refrigeration storage 

was much less effective than peeling and 

washing procedures to reduce the 

chlorpyrifos residues of the cucumber 

samples. This can be probably attributed 

only to slow enzymatic degradation since 

process of evaporation and photo 

degradation under cold conditions and 

darkness are negligible (Juraske et al., 

2008). 

The results of the present study indicate 

that residues of chlorpyrifos, at the 

recommended dosage, degrade below its EU 

MRL after 13 days of its application. This is 

in accordance with the recommended pre-

harvest interval for chlorpyrifos being 14 

days for cucumbers. Pesticides should be 

applied correctly, according to good 

agricultural practice, using only the required 

amounts. Culinary applications are 

necessary to decrease the intake of pesticide 

residues. It can be concluded that processes 

such as controlled dose setting for the use of 

these pesticides, controlled greenhouse 

treatments, harvest and storage processes, 

and culinary applications before 

consumption have a crucial role in the 

reduction of residual pesticides which pose a 

serious threat to human health and the 

environment.  

ACKNOWLEDGEMENTS 

We sincerely acknowledge Prof. Amjad 

Shriam, from Chemistry Department of 

Taibah University, Ronnie Juraske from 

Department of Chemical Engineering 

(ETSEQ, Spain) and Prof. Mehmat Fatih 

Cengiz from Department of Food 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
19

.2
1.

2.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                             8 / 11

https://dorl.net/dor/20.1001.1.16807073.2019.21.2.15.6
https://jast.modares.ac.ir/article-23-16211-en.html


Chlorpyrifos Reduction in Cucumber ___________________________________________  

389 

Engineering (Akdeniz University, Turkey) 

for critically reading the manuscript and 

making a number of helpful suggestions, and 

Ellen Vuosalo Tavakoli (University of 

Mazandaran) for final editing of the English 

text..  

REFERENCES 

1. Anonymous. 2009. European Union MRLs 

Sorted by Pesticide. Available at: < 

http://ec.europa.eu/food/safety/chemical_saf

ety/pesticide_residues_en. 

2. Arora, P. K., Jyot, G., Singh, B., Battu, R. 

S., Singh, B., and Aulakh, P. S. 2015. 

Persistence of Imidacloprid on Grape 

Leaves, Grape Berries and Soil. Food 

Chem., 71(3): 239-242. 

3. Baskaran, S., Kookana, R. S. and Naidu, R. 

1999. Degradation of Bifenthrin, 

Chlorpyrifos and Imidacloprid in Soil and 

Bedding Materials at Termiticidal 

Application Rates. Pest Sci., 55(12): 1222-

1228. 

4. Barceló, D. 1997. Trace Determination of 

Pesticides and Their Degradation Products 

in Water. Book Reprint, Elsevier, 19. 

5. Cengiz, M. F., Certel, M., Karakaş, B., and 

Goçmen, H. 2007. Residue Contents of 

Captan and Procymidone Applied on 

Tomatoes Grown in Greenhouses and Their 

Reduction by Duration of a Pre-Harvest 

Interval and Post-Harvest Culinary 

Applications. Food Chem., 100(4): 1611-

1619. 

6. Chavarri, M.J., Herrera, A. and Ariño, A. 

2004. Pesticide Residues in Field-Sprayed 

and Processed Fruits and Vegetables. J. Sci. 

Food Agr. , 84(10): 1253-1259. 

7. Chavarri, M.J., Herrera, A. and Ariño, A. 

2005. The Decrease in Pesticides in Fruit 

and Vegetables during Commercial 

Processing. Int. J. Food Sci. Tech., 40(2): 

205-211. 

8. Elkins, E. R. 1989. Effect of Commercial 

Processing on Pesticide Residues in Selected 

Fruits and Vegetables. J. Assoc. Off. Anal. 

Chem., 72(3): 533-535. 

9. Feo, M. L., Ginebreda, A., Eljarrat, E., and 

Barceló, D. 2010. Presence of Pyrethroid 

Pesticides in Water and Sediments of Ebro 

River Delta. J, Hydrol., 393(3–4): 156-162.  

10. Fernández-Cruz, M. L., Villarroya, M., 

Llanos, S., Alonso-Prados, J. L., and García-

Baudín, J. M. 2004. Field-Incurred 

Fenitrothion Residues in Kakis: Comparison 

of Individual Fruits, Composite Samples, 

and Peeled and Cooked Fruits. J. Agric. 

Food Chem., 52(4): 860-863. 

11. Hassanzadeh, N., Bahramifar, N. and 

Esmaili-Sari, A. 2010. Residue Content of 

Carbaryl Applied on Greenhouse 

Cucumbers and Its Reduction by Duration of 

a Pre-Harvest Interval and Post-Harvest 

Household Processing. J. Sci. Food Agric. 

90(13): 2249-2253. 

12. Hassanzadeh, N., Sari, A. E. and 

Bahramifar, N. 2012. Dissipation of 

Imidacloprid in Greenhouse Cucumbers at 

Single and Double Dosages Spraying. J. 

Agr. Sci. Tech., 14(3): 557-564. 

13. Hercegová, A., Dömötörová, M. and 

Matisová, E. 2007. Sample Preparation 

Methods in the Analysis of Pesticide 

Residues in Baby Food with Subsequent 

Chromatographic Determination. J. 

Chromatogr. A., 1153(1–2): 54-73. 

14. Hernández-Borges, J. Please provide names 

of all authors. 2009. Analysis of Pesticide 

Residues in Bananas Harvested in the 

Canary Islands (Spain). Food Chem., 

113(1): 313-319.  

15. Heshmati, A. and Nazemi, F. 2017. 

Dichlorvos (DDVP) Residue Removal from 

Tomato by Washing with Tap and Ozone 

Water, a Commercial Detergent Solution 

and Ultrasonic Cleaner. Food Sci. Tech 

.(AHEAD)., 0-0 

16. Juraske, R., Castells, F., Vijay, A., Muñoz, 

P., and Antón, A., 2009. Uptake and 

Persistence of Pesticides in Plants: 

Measurements and Model Estimates for 

Imidacloprid after Foliar and Soil 

Application. J. Hazard Mater., 165: 683-

689. 

17. Juraske, R., Antón, A. and Castells, F. 2008. 

Estimating Half-Lives of Pesticides in/on 

Vegetation for Use in Multimedia Fate and 

Exposure Models. Chemosphere, 70(10): 

1748-1755. 

18. Kaushik, G., Satya, S. and Naik, S. N. 2009. 

Food Processing a Tool to Pesticide Residue 

Dissipation: A Review. Food Res. Int., 

42(1): 26-40.  

19. Keikotlhaile, B. M., Spanoghe, P. and 

Steurbaut, W. 2010. Effects of Food 

Processing on Pesticide Residues in Fruits 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
19

.2
1.

2.
15

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                             9 / 11

https://dorl.net/dor/20.1001.1.16807073.2019.21.2.15.6
https://jast.modares.ac.ir/article-23-16211-en.html


  _________________________________________________________ Hassanzadeh and Bahramifar 

390 

and Vegetables: A Meta-Analysis Approach. 

Food Chem. Toxicol., 48(1): 1-6.  

20. Liang, Y., Wang, W., Shen, Y., Liu, Y., and 

Liu, X. J., 2012. Dynamics and Residues of 

Chlorpyrifos and Dichlorvos in Cucumber 

Grown in Greenhouse. Food Control., 

26(2): 231-234.  

21. Liu, B., McConnell, L. L. and Torrents, A. 

2001. Hydrolysis of Chlorpyrifos in Natural 

Waters of the Chesapeake Bay. 

Chemosphere, 44(6): 1315-1323. 

22. Nazemi, F., Khodadadi, I. and Heshmati, A. 

2016. Effect of Storage Type and Time and 

Washing Methods on Dichlorvos Residues 

in Tomato. J. Mazandaran Univ. Med. Sci., 

26(141): 36-44. 

23. Nguyen, T. D., Yu, J. E., Lee, D. M., and 

Lee, G. H. 2008. A Multiresidue Method for 

the Determination of 107 Pesticides in 

Cabbage and Radish Using QuEChERS 

Sample Preparation Method and Gas 

Chromatography Mass Spectrometry. Food 

Chem., 110(1): 207-213. 

24. Radwan, M. A., Abu-Elamayem, M. M., 

Shiboob, M. H., and Abdel-Aal, A. 2005. 

Residual Behaviour of Profenofos on Some 

Field-Grown Vegetables and Its Removal 

Using Various Washing Solutions and 

Household Processing. Food Chem. 

Toxicol., 43(4): 553-557. 

25. Randhawa, M. A. Please provide names of 

all authors. 2007. Field Incurred 

Chlorpyrifos and 3,5,6-Trichloro-2-

Pyridinol Residues in Fresh and Processed 

Vegetables. Food Chem., 103(3): 1016-

1023. 

26. Singh, G., Singh, B., Battu, R. S., Jyot, G., 

and Joia, B. S., 2007. Persistence of Ethion 

Residues on Cucumber, Cucumis sativus 

(Linn.) Using Gas Chromatography with 

Nitrogen Phosphorus Detector. Bull. 

Environ. Contam. Toxicol., 79(4): 437-439. 

27. Soliman, K. M. 2001. Changes in 

Concentration of Pesticide Residues in 

Potatoes during Washing and Home 

Preparation. Food Chem. Toxicol., 39(8): 

887-891. 

28. Xu, X. M., Yu, S., Li, R., Fan, J., Chen, S. 

H., Shen, H. T., and Ren, Y.  2012. 

Distribution and Migration Study of 

Pesticides between Peel and Pulp in Grape 

by Online Gel Permeation Chromatography-

Gas Chromatography/Mass Spectrometry. 

Food Chem., 135(1): 161-169.  

29. Yuan, Y., Chen, C., Zheng, C., Wang, X., 

Yang, G., Wang, Q., and Zhang, Z. 2014. 

Residue of Chlorpyrifos and Cypermethrin 

in Vegetables and Probabilistic Exposure 

Assessment for Consumers in Zhejiang 

Province, China. Food Control., 36(1): 63-

68. 

 

ای و کاهص آن در دوره زماوی بررسی مقذار باقیماوذه کلرپیریفوس در خیار گلخاوه

 های خاوگیقبل از برداضت و پس از برداضت با روش

 فربهرامی .نو حسه زاده،  .ن

 چکیذه

کص کلرپیریفَس کاربرد زیادی در کٌترل آفات هختلف در گلخاًِ ّای خیار دارد. در ایي حطرُ

سازی در یخچال بر زهاًی ٍ تیوارّای خاًگی از جولِ ضستي، پَست کٌذى ٍ رخیرُ هطالعِ تاثیر دٍرُ

ای یک ای بررسی ضذ. ًوًَِ ّای خیار گلخاًِکاّص هقذار باقیواًذُ کلرپیریفَس از خیار گلخاًِ

آٍری ٍ برای اًجام تیوارّای هختلف بِ رٍز جوع 14ساعت پس از سوپاضی کلرپیریفَس بِ هذت 

استخراج ٍ با استفادُ از دستگاُ  QuEChERSّا با رٍش تقل ضذًذ. ًوًَِآزهایطگاُ هٌ
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هَرد ضٌاسایی قرار گرفتٌذ. ًتایج ًطاى داد، داهٌِ غلظت باقیواًذُ  GC-NPDکرٍهاتَگرافی گازی 

گرم بر کیلَگرم هیلی 02/0 -33/4ای بِ هقذار رٍزُ در خیار گلخاًِ 14کلرپیریفَس در دٍرُ زهاًی 

رٍزُ یک کاّص تذریجی ٍ رًٍذ 14هقادیر باقیواًذُ کلرپیریفَس در یک دٍرُ زهاًی  هتغیر است ٍ

رٍز تعییي ضذ. تیوارّای خاًگی  9/1کلرپیریفَس در ایي دٍرُ  (t1/2) دّذ. ًیوِ عوررا ًطاى هی ًسٍلی

در کاّص هقذار باقیواًذُ کلرپیریفَس بسیار  خچالیدر  یسازرُیضستي، پَست کٌذى ٍ رخ از جولِ

ّای هختلف، پَست کٌذى هَثرتریي رٍش برای کاّص هقادیر باقیواًذُ هَثر بَدُ است ٍ در بیي رٍضِ

دّذ کِ یک دٍرُ زهاًی هٌاسب پس از کص کلرپیریفَس است. ًتایج بِ دست آهذُ ًطاى هیحطرُ

ر ّای خاًگی برای استفادُ ایوي از خیاپاضی کلرپیریفَس برای برداضت هحصَل ٍ کاربرد رٍشسن

 ای جْت کاّص هقادیر باقیواًذُ سوَم بسیار ضرٍری است.گلخاًِ
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