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Abstract

Background: The organophosphorus pesticides are still applied in some developing countries including most regions of Iran. It is
important to make sure that the level of pesticide residues at the time of harvesting vegetable crops (e.g. tomato and cucumber) is
assessed in order to control that their levels are within the permissible limit in the domestic as well as overseas markets; and most
importantly the governments should ban the application of such compounds. Regarding the increasing consumption of pesticides
in agriculture, the current study aimed at determining the amount of pesticide residues in crops such as tomatoe and cucumber to
ensure that Codex maximum residue limit (MRL) alimentarius is not violated.
Methods: A simple multiresidue method, using gas chromatography-mass spectrometry (GC-MS) and solid phase extraction, was
employed to detect the pesticides with a sufficient extraction method.
Results: The lowest level of pesticide residues were concerning carbaryl, fenpropat, and endosulfan in cucumber samples selected
from greenhouses and fields with 11.1%, while the highest level was concerning diazinon in cucumber samples of the fields with 55.5%.
Carbaryl and permethrin showed the high residue means of 0.37 and 0.72 µg/g in tomato and cucumber samples, respectively.
Conclusions: Vegetables and fruits with a high level of pesticide residues, which particularly violated the MRL, are sold in markets
of Tehran, Iran. Therefore, it is suggested that the application of pesticides on fields and greenhouses be controlled and their residue
levels be measured using the multiresidue method before distribution. The current study findings showed that the multi-residue
method with GC/MS could detect a large number of pesticide residues at the same time with high accuracy. Therefore, it is recom-
mended that this method be employed for all vegetables and fruits in order to assess their pesticide residue levels before reaching
the markets.
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1. Background

Pesticides are widely used to control crop pest in Iran
(1-3). The application of highly persistent organochlorine
pesticides was curtailed since the 1980s (4-7). Poisoning
due to pesticides among the human beings throughout
the world increased from 500,000 cases per year in 1972
to 25,000,000 cases per year in 1990 (8). Pesticides have
several valuable effects including crop protection, conser-
vation of foods and materials, and prevention of vector-
borne diseases. Pesticides are toxic, and biocides are de-
signed to kill, diminish, or keep away insects, weeds, ro-
dents, fungi, or other organisms that can threaten the pub-
lic health and economy.

There is growing concern about children’s exposure
to pesticides and their special susceptibility. Children are
more sensitive and also more likely to be exposed to pes-
ticides (9). The organophosphorus pesticides are still ap-

plied in some developing countries including some re-
gions of Iran. It seems essential to inform the commu-
nity about the residue of this class of pesticides applied to
the vegetable crop of the tropical and subtropical regions
of the world (10). Pesticides applied on food crop leave
residue, which may be hazardous to the consumer. Tomato
and cucumber are two of the most important vegetable
crop of the tropical and subtropical regions of the world
(11). During the last decade, several studies were conducted
on vegetable crops such as tomato and cucumber contam-
ination with pesticides (12-17). Therefore, it is important
to make sure that the residue levels of the pesticides at
the time of harvesting vegetable crops (e.g. tomato and
cucumber) do not cause any exposure to the consumers
and are within the permissible limits in domestic as well as
overseas markets. Since there is no available published in-
formation on different classes of residues except diazinon
in tomatoes and cucumbers, the current study was carried
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out on the abovementioned vegetable crops. The current
study aimed at selecting a wide range of pesticide classes
in order to cover most of the pesticides currently applied
on the vegetable crops.

2. Objectives

In the current study pesticide residues including chlor-
pyrifosm diazinonm phosalone, endosulfan carbaryl, fen-
propathrin, and permethrin were detected for two impor-
tant vegetable crops, tomato and cucumber, using a simple
multiresidue method.

3. Methods

The pesticide formulations were obtained from local li-
censed markets. A simple multiresidue method was em-
ployed to detect the selected pesticides (chlorinated hy-
drocarbon, organophosphate, carbamates, and pyrethroid
insecticide) according to Kadenczki et al. (18) and Abbassy
(19). The principles of the abovementioned method were
based on a homogenous sample pulp adsorbed on the sur-
face of activated florisil to obtain a free-flowing powder.
For this purpose, a 5-g of homogenous sample was ex-
tracted into a glass column with 5 mL ethyl acetate. Gas
chromatography (GC) was used as follows:

(1) Shimadzu GC 17A series equipped with electron cap-
ture detector (ECD) interfaced to HP5 fused silica column,
30 m × 0.53 mm id, the 2.65 µm film thickness (Hewlett),
to detect organochlorine and pyrethroid pesticides.

(2) Shimadzu GC 17A series equipped with nitrogen
phosphorus detector (NPD), interfaced to HP190915 - 433
column, 30 m× 0.25 mm id, 0.25µm film thickness, to de-
tect organophosphorus insecticide and nitrogen contain-
ing pesticides.

(3) GC/MS HP6890 series equipped with mass spec-
trometer detector (MSD), interfaced to HP-5MS capillary
column, and split/splitless injection mode. Helium was
used as a carrier gas.

(4) Operating condition for GC/ECD: Injector temper-
ature 250°C, detector temperature 300°C, oven tempera-
ture initially 100°C, 1st ramp: 25°C/minute up to 180°C (one
minute hold), 2nd ramp: 10°C/minute up to 220°C (one
minute hold), 3rd ramp: 5°C/minute up to 300°C, final tem-
perature 300°C (five minutes hold).

(5) Operating condition for GC/NPD: Injector tempera-
ture 200°C, detector temperature 280°C, column tempera-
ture increased from 90°C to 210°C at 20°C/minute (on hold)
and increased to 280°C at 5°C/minute (10 minutes hold).

(6) Operating condition for GC/MS: Injector temper-
ature 200°C, initial temperature 160°C (three minutes
hold), 1st ramp 25°C/minute to 210°C (one minute hold),
2nd ramp 10°C/minute to 260°C, final temperature 260°C
(five minutes hold).

Solvents and reagents such as acetone, ethyl acetate,
methylene chloride, methanol, ethanol, n-hexane and
florisil 60 - 100 mesh, and sodium sulfides were of ana-
lytical reagent grade. Analytical standards of the pesti-
cides were provided by Accustandard Europe Niederbipp,
Switzerland.

The analytical standards were as follows:
(a) Endosulfan as a chlorinated hydrocarbon insecti-

cide,
(b) Diazinon, dichlorvos, and chlorpyrifos as an

organophosphorus pesticide,
(c) Carbaryl as a carbamate insecticide,
(d) Fenpropathrin and permethrin as a halogenated

pyrethroid insecticide.
Quality control of the analysis of pesticide residues (cu-

cumber and tomato) consists of (1) analysis of blank sam-
ples; (2) analysis of the samples in duplicate; (3) determina-
tion of the method detection limits for the analyzed pesti-
cides using samples with no pesticide residue (the limits
of the obtained detection method ranged 0.5 to 2.0 ppb to
detect the GC of the tested pesticides, and < 0.1 ppm for the
GC/MS system); (4) estimation of the extraction procedure
efficiency (recovery test), pulp samples of the fresh toma-
toes and cucumbers were fortified at 0.5 and 1 mg/kg of the
analytical standards dissolved in acetone. Recoveries of all
pesticides were tested in five replicates. The obtained re-
covery of the analyzed pesticides ranged from 81.16 to 103.3
(5). The simultaneous injection of the samples was per-
formed with two different systems and the obtained data
were considered in case of similarity.

4. Results

Chlorpyrifos, diazinon, phosalone, endosulfan carbyl,
fenpropathrin, and permethrin were detected in 18.5, 44.4,
25.9, 11.1, 18.5, 37, and 51.8 µg/g of the total samples of
tomatoes with the mean levels of 0.22, 0.059, 0.177, 0.11,
0.37, 0.28, and 0.99 µg/g, respectively (Table 1). Dichlorvos
residue was not detected in tomato samples. As shown in
tomatoes, the permethrin residue was found at high lev-
els compared with the other pesticides. Different amounts
of the pesticide residues were observed in the whole sam-
ples of tomatoes and cucumbers (Tables 1 and 2). The car-
baryl, fenpropathrin, and endosulfan showed the lowest
percentage of the detected pesticide residue with 11.1% in
cucumber samples. The highest level of the above pesticide
residues (55.5%) was concerning the diazinon. The carbaryl
and permethrin were detected at high amounts of 0.37 and
0.72 µg/g in tomato and cucumber samples, respectively.

The MRLs were established on pesticide residue by
Codex Committee. The Food and Drug Administration
(FDA)/World Health Organization (WHO) in 1992, which is
the highest level of a pesticide residue legally tolerated in
or on food or feed when pesticides are applied correctly in
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Table 1. Pesticide Residue in Tomato Samples Collected from Tehran Fruit Marketsa , b

Pesticide Residue,µg/gc Maximum,µg/g Minimum,µg/g Number of Samples Percentage of Samples CodexMRL, Maximum
Residue Limit,µg/g

(ppm)

Chlopyrifos (OP) 0.22 ± 0.44 1.9 0.04 5 18.5 1

Diazinon (OP) 0.059 ± 0.03 0.109 0.01 12 44.4 0.1

Phosalone (OP) 0.177 ± 0.06 0.27 0.04 7 25.9 2

Endosulfan (OC) 0.11 ± 0.07 029 0.24 3 11.1 2

Carbaryl (C) 0.37 ± 0.33 0.61 0.016 5 18.5 3

Fenpropathrin (P) 0.28 ± 0.34 0.64 0.01 10 37 0.5

Permethrin (P) 0.99 ± 1.1 1.51 0.01 14 51.8 0.05

Abbreviations: C, Carbamate; OC, Organochlorine; OP, Organophosphorus; P, Pyrethroid.
a Not detected < 0.5 - 2 ppb and 0.1 ppm for GC and GC/MS, respectively.
b P value ≤ 0.05.
c Values are expressed as mean ± SD.

Table 2. Pesticide Residue in Cucumber Samples Collected from the Fielda , b

Pesticide Residue,
µg/gmc

Maximum,
µg/gm

Minimum,
µg/gm

Number of
Samples

Percentage of
Samples

Number of
Samples

Violated by
CodexMRL

Alimentarius

CodexMRL,
Maximum

Residue Limit,
µg/g (ppm)

Chlopyrifos
(OP)

0.27 ± 0.51 0.8 0.07 3 11.1 1 1

Diazinon (OP) 0.039 ± 0.12 0.51 0.02 15 55.5 2 0.1

Phosalone (OP) 0.107 ± 0.0.01 0.13 0.11 2 7.4 0 2

Endosulfan
(OC)

ND 0 0 0 0 0 2

Carbaryl (C) ND 0 0 0 0 0 3

Fenpropathrin
(P)

0.31 ± 0.28 0.61 0.05 4 14.8 0 0.5

Permethrin (P) 0.72 ± 0.19 0.96 0.04 11 40.7 1 0.05

Abbreviations: C: carbamate; ND, not detected; OC: organochlorine; OP: organophosphorus; P: pyrethroid.
a Not detected < 0.5 - 2 ppb and 0.1 ppm for GC and GC/MS, respectively.
b P value ≤ 0.05.
c Values are expressed as mean ± SD.

accordance with Good Agricultural Practice. The detected
pesticide MRLs in the vegetables and fruits were generally
ranged from 0.5 to 5.0 ppm. In the current study, the de-
tected pesticide MRLs were violated and analyzed in five
tomato samples (Table 1). The highest residue levels were
found in the collected tomato samples in July and August.
Pesticide is mostly applied at this time in this area. Endo-
sulfan residue was not detected in cucumber samples. As
shown in cucumber samples (field or greenhouse crops)
(Tables 2 and 3), dichlorvos residues were observed at high
levels (1.81 µg/g) compared with the other detected pesti-
cides and endosulfan (a chlorinated hydrocarbon) not de-
tected in all analyzed cucumber samples.

5. Discussion

Results of the current study demonstrated that some
pesticide residues such as chlopyrifos, diazinon, and per-
methrin in most samples were violated more than Codex
MRL alimentarius. Since the current study was conducted
just on pesticide residues in the fruit samples, then it is
suggested that the fruit producers should regard the pre-
harvest periods (e.g. five days for diazinon; four days for
permethrin, and 13 days for chlorpyrifos) before distribut-
ing the crops into the markets. As the previous stud-
ies showed, considering preharvest period on the fruits
and vegetables decreased the level of different pesticide
residues (6, 19-25). As a general trend, the current study
showed that the detected pesticides on tomato and cucum-
ber were almost similar to those of some previous studies
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Table 3. Pesticide Residue in Greenhouse Cucumber Samplesa , b

Pesticide Residue,
µg/gmc

Maximum,
µg/gm

Minimum,
µg/gm

Number of
Samples

Percentage of
Samples

Number of
Samples

Violated by
CodexMRL

Alimentarius

CodexMRL,
Maximum

Residue Limit,
mg/kg (ppm)

Chlopyrifos
(OP)

0.83 ± 0.0 0.17 0.009 4 14.8 1 1

Diazinon (OP) 0.055 ± 0.003 0.1 0.025 6 22.2 - 0.1

Dichlorvos (OP) 0.611 ± 0.62 1.81 0.043 7 25.9 2 0.1

Phosalone (OP) 0.2 ± 0.8 1.69 0.005 4 14.8 - 2

Endosulfan
(OC)

ND - - - - - 2

Carbaryl (C) 0.12 ± 0.11 0.14 0.026 3 11.1 - 3

Fenpropathrin
(P)

0.37 ± 0.7 1.1 0.02 3 11.1 1 0.5

Permethrin (P) 0.42 ± 0.59 2.1 0.012 5 18.5 1 0.05

Abbreviations: C: carbamate; ND, not detected; OC: organochlorine; OP: organophosphorus; P: pyrethroid.
a Not detected < 0.5 - 2 ppb and 0.1 ppm for GC and GC/MS, respectively.
b P value ≤ 0.05.
c Values are expressed as mean ± SD.

(26-28), but gradually higher than the results of the study
by Abbassy (19). Dejonckheere et al. (27), found that 48.6%
of the fruit and 68.7% of the vegetable samples had pesti-
cide residues, while in the current study, pesticide residues
were detected in all samples. Dogheim et al. (28), re-
ported that no organophosphorus pesticide residues were
observed in plant samples, except for very low residues of
dimethoate in an orange sample. These findings showed
that direct application of pesticides in agricultural prac-
tices on vegetable and fruit crops in Iran should be de-
creased. In the GC analysis, false positive results can be ob-
served base on retention time detection, while the mass de-
tector in the GC/MS is capable of reducing the false positive
data; then it is suggested to use GC/MS to achieve high ac-
curacy results concerning pesticide residues detection. It
can be concluded that the multi-residue method capable
of analyzing many pesticides at the same time with an in-
creased accuracy was detected. As a result, this technique
can be a useful and highly effective to detect the pesticide
residues.

5.1. Conclusions

By training agricultural producers and encouraging
government policies, it is possible to take a practical step
toward reducing the utilization of chemical pesticides.
This action leads to producing natural and pest-resistant
crops with higher nutritional values.

5.2. Limitation of the Study

Since the current study was conducted without any
supports of the governmental organizations, there was a

financial budget constraint to expand the choice of fruit
variety.
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