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INTRODUCTION
Vegetables are plants parts such as red pepper, 
cucumber, tomato, and onions which we eat 
in various forms. Vegetables provide vitamins, 
proteins, carbohydrate minerals and various 
other essential component and such compound 
plays a significant role in human nutrition and 
inhibit the pathogenesis of various diseases. 
Moreover, vegetable are rich source of antioxidant 
and antioxidant potentiality of vegetables shows 
pivotal role in health management through 
scavenging the free radical. Increasing industrial 
and agricultural uses of heavy metals have led 
to an exponential increase in the concentration 
of such materials in soil and water, and then in 
a range of food sources, resultant in passage to 
humans through consumption, inhalation, and 
direct skin contact 1,2. Pesticides are substances or 
mixtures of substances that are principally used in 
agriculture or in public health protection programs 
in order to protect plants from pests, weeds or 
diseases, and humans from vector-borne diseases3. 
Besides, pesticides may enter the body through 
various ways depending on species, metabolic 
individualities, and susceptibility to toxins4. Recent 
finding evidences that the ability of pesticides to 
act as endocrine disruptors, causative of various 
adverse effects related with reproductive and 
developmental toxicity5-10. Moreover, the high level 
of pesticides causes various types of pathogenesis 

including abnormality of nerve conductions and 
renal problem even at short-term exposure whereas 
long-term exposure causes asthma; depression and 
anxiety and various types of cancer. 

Maximum residue levels [MRLs] are the highest 
levels of residues probable to be in the food when the 
pesticide is used according to authorized agricultural 
practices11. The MRLs are set below levels considered 
to be safe for humans. Thus, maximum residue levels 
(MRLs) for pesticides have recognized globally, which 
usually guide to deal with the quantity of pesticides 
in foodstuffs. Measurement of pesticides level in 
foodstuffs is essential because high level of pesticides 
causes pathogenesis. In this context, the use of mass 
spectrometry, with its information-rich content and 
clear confirmation, is recommended for monitoring 
pesticide residues worldwide12-16. A routinely used 
procedure for extracting pesticides is the method 
‘QuEChERS’ (Quick, Easy, Cheap, Effective, Rugged 
and Safe)17. This approach to sample clean‐up with 
simplified and streamlined sample preparation has 
been recognised for an extensive range of mediums 
including fruits and vegetables and is now extensively 
established18. The current study aimed to screen the 
pesticides residues in vegetables samples by using 
rapid automated screening methods.

MATERIALS AND METHODS
The study was performed to assess the pesticides 
residues level in vegetables from different farms 
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and supermarket and it was compared it with the Maximum Residues 
Level of pesticide according to European Union Pesticides Database. 
Pesticides level of was measured using Gas chromatography and Liquid 
chromatography- Mass spectrometry system at Experiment in Food 
and Environment Laboratory in Unaizah city, Saudi Arabia.

Study sample

This study was conducted on vegetables samples from different farms 
and supermarket in Unaizah city. Sample size was 40 vegetables samples 
obtained from different supermarkets (n=20) and farms (n=20) [Figure 
1]. The samples included four types of vegetables such as tomato, 
zucchini, red pepper and cucumber and sampling was performed as per 
the general principles and methods of the European Commission (EC) 
directive 2002/63/EC19 for establishing MRLs in food commodities.

Data collection
The samples were collected in sterile plastic bag labelled with date, 
location, name of collector and observation was made. Before collection 
of the samples, gloves and other precautionary measure were taken to 
avoid the possible contamination of the sample. Samples analysis was 
conducted in Food and Environment Laboratory in Unaizah, Saudi 
Arabia by using liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) and gas chromatography-mass Spectrometry (GC-MS). 
The extraction and clean-up method was used based on QuEChERS 
(quick easy cheap effective rugged and safe) sample preparation 
method for pesticides17 and little modification of previously discussed 
methods20.

An aliquot of homogenized sample (18 g) was placed in a tube, and 
then acetonitrile (17 ml) was added to the sample. Then such mixture 

Figure 1: Samples obtained from supermarket and farms.

Figure 2: QuEChERS method. 
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was properly shaken for 1-1.5 minutes and vortex was done for one-
two minute and then magnesium sulfate and sodium acetate were 
added to the samples. Moreover, sample was then centrifuged, and 
the supernatant was removed to clean-up the sample. The clean-up 
of the samples was performed through transferring the supernatant 
into another fresh tube containing primary and secondary amine and 
(1200 mg) magnesium sulfate. After agitation and centrifugation, the 
extract (1–1.5 ml) was used for liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) analysis and gas chromatography-mass 
spectrometry (GC-MS/MS) analysis. 

Liquid chromatography–mass spectrometry (LC-MS/
MS) and Gas chromatography–mass spectrometry (GC-
MS/MS):
The sample was kept on the rack of the machine (LC-MS/MS) and (GC-
MS/MS). The chromatography, the automatic needle was injected only 
5-10 um from the sample. Between sample and another sample there is 
a strong liquid detergent used to prevent the all possible contamination. 
After that, the sample was transported to the mass spectroscopy for 
identification of various types of pesticides. Every pesticide has such 
a fingerprint for identification. The pesticides showed as peaks on 
the system and each pesticide have distinct peak. The mechanism 
work with MRM Multi-Reaction Monitoring and the after showing 
the peak, the calculation was conduct based on the standard curve. 
And then compared the result to the standard curve is it high or low. 
Then concentration of pesticides was ready to compare with MRLs of 
European Union Pesticides Database.  

Statistical analysis 
The data entered in Microsoft Excel software and analysed using 
descriptive analysis. All results presented in detail by using tables and 
graphs.

Ethical Statement
Ethical approval for this study was obtained from College of Applied 
Medical Sciences, Qassim University and Departmental Research 
Review Committee. Permission was taken from Unaizah Municipality 
to process the samples in the Food and Environment Laboratory.

RESULTS
Vegetable samples without pesticide residue and with residue below the 
Maximum residue limits (MRL) and above the (MRL) was compared 
to the European Union Standards. The results show that the tomato 
samples with residue < MRL were 100%. 20% of the pepper samples 
were without residue and 80% were with residue < MRL. The cucumber 
samples without residue were 20%, with residue < MRL were 60% and 
with residue > MRL were 20%. A total of 80% of the zucchini samples 
were without residue and 20% were with residue < MRL [Table 1]. 
Cucumber sample showed detected insecticides were found to exceed 
the MRL and none of the fungicides detected exceeded the MRL. 
However, the concentration of acetamiprid was 0.078 mg kg-1 detected 
on cucumber sample was exceeded the MRLs which was 0.03 mg kg-1 
and residues of carbofuran that exceeded the MRLs were also found in 
one sample of cucumber and its concentration was 0.026 mg kg-1.

Evaluation of pesticide residue in tomatoes 
All tomato samples of supermarket were tested and it was found that 
all samples were having pesticides residue but the pesticides residue 
detected were below the MRL [Table 1]. Various types of pesticides were 
present in supermarket tomato. According to the detected pesticides, 
there are a wide range pesticides present in the tomato obtained 
from supermarket and farms including imidacloprid, acetamiprid, 
azoxystrobien, metalaxyland tolclofos, fenhexamid, panconazole and 
carbendazium [ Tables 2 and 3]. 

Vegetables No. of samples Without residue With residue < MRL With residue > MRL
Tomato 10 0 10 (100%) 0

Cucumber 10 2 (20%) 6 (60%) 2 (20%)
Zucchini 10 8 (80%) 2 (20%) 0
Pepper 10 2 (20%) 8 (80%) 0
Total 40 12 (30%) 26 (65%) 2 (5%)

Table 1: Vegetable samples without pesticide residue and with residue <MRL and >MRL.

Sample type Sample Observed pesticides Conc. (ppm) Mrls (eu) 

Tomato

1

Panconazole 0.064 0.1

Imidacloprid 0.137 0.5

Acetamiprid 0.031 0.5

2

Tolclofos-methyl 0.015 1

Imidacloprid 0.214 0.5

Acetamiprid 0.165 0.5

Fenhexamid 0.021 2

3
Imidacloprid 0.181 0.5

Acetamiprid 0.033 0.5

4

Imidacloprid 0.008 0.5

Acetamiprid 0.0682 0.5

Metalaxyl 0.017 0.2

5

Imidacloprid 0.062 0.5

Acetamiprid 0.041 0.5

Azoxystrobien 0.0358 3

Table 2: Various types of multi-residual pesticides in tomato samples of supermarket.
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Evaluation of pesticide residue in cucumber
In this study, the concentrations of 8 different pesticides were 
determined in 5 cucumbers each from supermarket and farms. Of 
the detected pesticides, these were kresoxim-methyl, acetamiprid, 
metalaxyl, bifenthrin, burpufezine, acetamiprid and fenhexamid. 
All detected pesticides from supermarket was below MRL. None of 
pesticides was found above MRL [Table 4]. 

Cucumber sample shows that 2 (20%) of the detected insecticides were 
found to exceed the MRL and none of the fungicides detected exceeded 
the MRL. Moreover, 2 out of 5 of cucumber samples tested from farms 
contains pesticides residue including carbofuran and acetamiprid 
above the MRLs [Table5]. Only one sample was not detected any 
pesticide. 2 out of 5 samples showed pesticides residue below the MRLs. 
However, the concentration of acetamiprid was 0.078 mg kg-1 detected 
on cucumber sample was exceeded the MRLs which was 0.03 mg kg-1.. 
Additionally, residues of carbofuran that exceeded the MRLs were also 
found in one sample of cucumber and its concentration was 0.026 mg 
kg-1 as compared to MRL which was 0.002 mg kg-1.

Evaluation by pesticide residue in zucchini
The concentrations of different pesticides were determined in zucchini 
of super market and farms samples. A total 4 out of 5 of zucchini samples 

of supermarket sample was tested and only one sample was detected 
with pesticide residue and it was below the MRL [Table 6]. In the farm 
sample, only one sample contains pesticides such as imidacloprid but it 
was below the MRL [Table 7].

Evaluation by pesticide residue in pepper 

A total of 4 out of 5 pepper samples tested from supermarket were 
showing pesticides residue. Only one sample was not detected of any 
type of pesticide. The entire observed pesticides residue was below the 
MRLs. The detected pesticides were imidacloprid, diazinon, metalaxyl, 
acetamiprid and azoxystrobien [Table 8].

All five samples of pepper from farms were processed for measurement 
of pesticides. A total of 4 samples showed pesticide and only one sample 
did not show any pesticide. All the pesticides residue detected were 
below the MRLs [Table 9].

The level of pesticide residues 
The level of pesticide residues in 40 vegetables was determined. 
Pesticide residues were detected in 26 out of 40 samples (65%) but 
below the MRLs. A total of 2 out of 40 samples (5%) were above the 
MRLs. Moreover, total 12 out of 40 samples (30%) were free from any 
pesticide residues as compared to the European Union Standards. In 

Sample Type Sample Observed Pesticides Conc. (ppm) MRLs (EU) 

Tomato 

1
Acetamiprid 0.039 0.5
Imidacloprid 0.062 0.5

2
Metalaxyl 0.017 0.2

Acetamiprid 0.104 0.5

3

Acetamiprid 0.094 0.5
Imidacloprid 0.03 0.5

Carbendazium 0.02 0.3

4

Acetamiprid 0.072 0.5
Imidacloprid 0.183 0.5
Fenhexamid 0.058 0.2

5
Imidacloprid 0.312 0.5
Acetamiprid 0.0208 0.5

Table 3: Multi-residual pesticides in tomato samples from farms. 

Sample Type Sample Observed Pesticides Conc. (ppm) MRLs (EU) 

Cucumber 

1 ND
2 Kresoxim-methyl 0.01 0.05
3 Acetamiprid 0.029 0.3
4 Metalaxyl 0.086 0.5

5

Bifenthrin 0.01 0.01
Burpufezine 0.131 1
Acetamiprid 0.104 0.3

Metalaxyl 0.028 0.5

Table 4: Results of the detection of multi-residual pesticides in Cucumber samples from supermarket. 

Sample Type Sample Observed Pesticides Conc. (ppm) MRLs (EU) 

Cucumber

1
Acetamiprid 0.018 0.3

Metalaxyl 0.009 0.5
2 Not detected
3 Fenhexamid 0.0406 1
4 Carbofuran 0.026 0.002
5 Acetamiprid 0.078 0.03

Table 5: Results of the detection of multi-residual pesticides in Cucumber samples from Farm.
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Sample Type Sample Observed Pesticides Conc. (ppm) MRLs (EU) 

Zucchini

1 ND
2 ND
3 ND
4 Azoxystrobien 0.289 1
5 ND

Table 6: Results of the detection of multi-residual pesticides in Zucchini samples from Supermarket.

Sample Type Sample Observed Pesticides Conc. (ppm) MRLs (EU) 

Zucchini

1 ND
2 ND
3 ND
4 ND
5 Imidacloprid 0.461 1

Table 7: Results of the detection of multi-residual pesticides in Zucchini samples from farms.

Sample Type Sample Observed Pesticides Conc. (ppm) MRLs (EU) 

Pepper 

1 Imidacloprid 0.182 1
 2 Diazinon 0.029 0.05
3 ND

4

Imidacloprid 0.021 1
Acetamiprid 0.009 0.3

Metalaxyl 0.048 0.5
Diazinon 0.021 0.05

5
Imidacloprid 0.185 1
Acetamiprid 0.128 0.3

Azoxystrobien 0.147 0.3

Table 8: Results of the detection of multi-residual pesticides in Pepper samples from Supermarket.

Sample Type Code Observed Pesticides Conc. (ppm) MRLs (EU) 

Pepper 

A4 Carbendazium 0.062 1
B4 Acetamiprid 0.068 0.3
C4 Acetamiprid 0.099 0.3
D4 Imidacloprid 0.089 1

Acetamiprid 0.147 0.3
E4 ND

Table 9: Results of the detection of multi-residual pesticides in Pepper samples from Farms.

all analyzed samples, 14 different pesticides were detected. Acetamiprid 
was the most commonly detected pesticides and it was 18 out of 40 
samples followed by imidacloprid which was detected on 14 out of 40 
samples. A single residue was detected in 32.5% of the samples, and 
two, three, and four residues were detected in 15%, 15%, and 7.5% of 
the samples respectively. 

DISCUSSION
Pesticides are commonly applied in agriculture to increase the yield and 
pest control and food consumption is one of the most common routes 
of pesticide exposure in consumers21-23. Many pesticides cause various 
types of pathogenesis such as acute toxicity, as well as sub lethal effects 
causing the endocrine disorders, sperm quality decline and reproductive 
development abnormalities24-27. Besides, pesticides may enter the body 
by various ways depending on species, metabolic peculiarities, as well 
as susceptibility to toxins28 and causes various types of diseases. 

Qassim province of Saudi Arabia is considered to be an important 
agricultural area due to its fertile soil. This study shows the evidences 
of the presence of pesticide residues in vegetables samples and it was 
revealed that pesticide residues above the maximum residue limits 
(MRL) were detected in 5% of the samples and 65% samples showed 
various types of pesticides, but level was below of Maximum Residual 

Limits compared to the European Union Standards.  Similarly, 
Ramadan et al, 2011 reported that 68.7% samples were found to contain 
a detectable amount of pesticide residue and 20.9% contained pesticide 
residues whose concentration exceeded the MRLs29. In another study, 
it was also evidences that pesticides present in vegetables above the 
maximum residue levels30 and various types of pesticides present in 
samples as multiple residues were present in 40% of the samples with 
two-four pesticides20.

According to the detected pesticides, there are a wide range of 
pesticides present including imidacloprid, acetamiprid, azoxystrobien, 
metalaxyland tolclofos, fenhexamid, panconazole and carbendazium. 
Of the pesticides, acetamiprid was the most detected one pesticides 
followed by imidacloprid. A study based on Majmaah province, Saudi 
Arabia reported multiple residues were detected in 27% of analysed 
samples and cypermethrin was the most detected residue31. This finding 
confirms previous study based on Kazakhstan that designated that 
tomato and cucumber samples contained pesticide residues in various 
samples32.

Eight different types of pesticides were determined in cucumbers 
samples of supermarket and farms. The detected pesticides were 
kresoxim-methyl, acetamiprid, metalaxyl, bifenthrin, burpufezine, 
acetamiprid and fenhexamid. Moreover, all detected pesticides from 
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supermarket was below MRL but cucumber sample from farms showed 
insecticides were found to exceed the MRL. However, the concentration 
of acetamiprid was 0.078 mg kg-1 detected on cucumber sample was 
exceeded the MRLs which was 0.03 mg kg-1 according to European 
Union Standards. Additionally, residues of carbofuran that exceeded 
the MRLs and its concentration was 0.026 mg kg-1 as compared to 
MRL which was 0.002 mg kg-1. A previous study reported that ethion 
and imidacloprid pesticides were high and the maximum residue 
levels (MRLs) of ethion and imidacloprid were more than that of 
codex standard level. Moreover, after one-day pesticide application, 
the levels of pesticides were decreased but still were higher than the 
MRL23. Kuwait based study reported that imidaclropid, a systemic 
neonicotinoid insecticide used to control various pests of fruits and 
vegetables and is the most commonly detected pesticides33.

In current study, it was found that 4 out of 5 of pepper samples tested 
from supermarket were showing pesticides residue. The entire observed 
pesticides residue was below the MRLs and the detected pesticides 
were imidacloprid, diazinon, metalaxyl, acetamiprid and azoxystrobien 
Moreover, total of 4 samples of farms showed pesticide and only one 
sample was not detected any pesticide and all the pesticides residue 
detected were below the MRL. Moreover, study result reported that 
12.9% of green peppers contained at least one detectable residue, but 
the levels were below the EU legal limits34.

The current study finding established that 14 different pesticides were 
detected and detected pesticides residues were 8 fungicides (57.1%) 
and 6 insecticides (42.8%). Acetamiprid is one of the main detectable 
residues for vegetables and occurred on the concentration range of 
0.009 - 0.147mg kg-1. Similarly, incidence of multiple residues was 
found in commodities. Of the tested commodities, 12.8% contained 
a single residue, 41.7% contained two residues, 10.4% contained 
three residues, and 3.79% contained four residues. The occurrence of 
multi-residue pesticide contamination in several commodities has also 
been described in previous studies35,36.  Previous study evidences that 
different pesticides are used to protect the various types of crops against 
pests and diseases, mainly vegetable crops that are cultivated under 
greenhouse conditions37,38.

CONCLUSION 
The results of the study designated that majority of the tested vegetable 
samples were contaminated with different types pesticide residues, but 
level was below the Maximum Residual Limits. The results revealed 
that cucumber samples were contaminated with pesticide residues, 
with concentrations above the MRL. However, the concentration of 
acetamiprid and carbofuran was 0.078 mg kg-1 and 0.026 mg kg-1 
which was exceeded the MRLs in cucumber samples. According to the 
results, the most detected pesticides among the tested vegetables were 
acetamiprid and its high-level causes various types of pathogenesis. The 
contamination levels of pesticide residues specially of farms could be 
a public health problem because most of the tested vegetables except 
zucchini are used without cooking. Continuous pesticide residue 
monitoring system is needed for vegetables especially those cultivated 
under farms conditions.
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