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ABSTRACT 
This study was an attempt to assess the health hazards faced by the consumers through possible 
ingestion of toxic chemicals contained in the fruits and vegetables. In this cross sectional analytical 
study, tomato, apple and cucumber samples were collected from four main markets of Lahore and 
were analysed separately for the levels of nine pesticide residues using Liquid Chromatography-
Mass Spectrometry system. The levels were compared with the maximum residue limits set by the 
WHO for every pesticide in respective items. The results showed that most of the samples did not 
contain any residues of the nine selected pesticides and only two samples of tomato had detectable 
residues of one pesticide Imidacloprid, which were within the limits set by the WHO. So it was 
concluded that the analysed fruit and vegetable samples did not pose a serious threat to the health 
of the consumers. 
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INTRODUCTION 
Fruits and vegetables are essential to a nutritious 
and healthy diet; however, the health benefits are 
compromised by consistent contamination with 
pesticide residues.1 Pesticides are chemical substan-
ces used to kill animal, insect, plant and fungal pests 
in agricultural, domestic and institutional settings.2 

Interest on pesticide toxicity has particularly incre-
ased over the past years owing to increasing evi-
dence of carcinogenic, mutagenic and teratogenic 
effects in experimental animals and exposed hum-
ans.3 They constitute a very important group of che-
mical compounds that have to be controlled due to 
their very high toxicity and their widespread use in 
agricultural practice for field and post harvest pro-
tection.4 The general population is mainly exposed 
to pesticides through the ingestion of contaminated 
foods (such as cereals, vegetables and fruits), which 
are directly treated with these pesticides or are gro-
wn in contaminated fields. Diet is one potentially 
significant source of pesticide exposure considered 
in aggregate and cumulative risk models.5 The orga-
nophosphate, organochlorine and related pesticides 
act by binding to the enzyme acetyl cholinesterase, 
disrupting nerve function, resulting in paralysis and 
may cause death.6 They may produce acute and 
chronic toxicity. The acute effects manifesting as 
miosis, urination, diarrhea, diaphoresis, lacrima-
tion, excitation of CNS and salivation.2 The chronic 
exposure involves neurotoxic and behavioral effe-
cts.7 Specific effects of pesticides can include cancer, 
allergies and hypersensitivities, damage to the cen-

tral and peripheral nervous systems, reproductive 
disorders and disruption of the immune system.8 

Recent studies have shown that exposures to conta-
minants in food may pose a public health risk.9 Chil-
dren may be more susceptible to the effects of these 
exposures, as they have higher rates of metabolism, 
less mature immune systems and different patterns 
of activity and behavior than adults.10 

 Pesticides can also interfere with drug metabo-
lizing enzymes especially Cytochrome P450 leading 
to drug interactions. 11 About 27% of the pesticides 
being consumed in Pakistan are used on fruits and 
vegetables. Setting a balance between risk and 
methods to increase agricultural productivity is par-
ticularly important for developing countries. 12 The 
monitoring of pesticide residues in food is nowa-
days a priority objective in pesticide research in or-
der to get extensive evaluation of food quality and to 
avoid possible risks to human health. To ensure the 
safety of the US food supply, the Environmental 
Protection Agency (EPA) sets a tolerance or maxi-
mum residue limit (MRL), which is the amount of 
pesticide residue that may lawfully remain in each 
food commodity that has been treated with a pes-
ticide.13  

 At the international level, the Codex Alimen-
tarius Commission of the United Nation’s Food and 
Agriculture Organization and the World Health Or-
ganization has established maximum residue limit 
(MRL) for pesticides in a variety of foods.14 
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 The objective of present study was to look for 
the safety of fruits and vegetables in terms of pesti-
cide residues. 

 
MATERIAL AND METHODS 
It was a cross sectional analytical study carried out 
in the Department of Pharmacology, University of 
Health Sciences, Lahore, in collaboration with the 
Applied Chemistry Research Centre (ACRC), Pakis-
tan Council for Scientific and Industrial Research 
(PCSIR), Lahore. 

 In this study, tomato, apple and cucumber sam-
ples weighing 1kg each were randomly collected 
from four main vegetable and fruit markets of Laho-
re including Badami Bagh, Iqbal Town, Singhpura 
and Kot Lakhpat. The samples of each item from 
each market were collected, extracted and analyzed 
separately. Total 12 samples were analyzed for resi-
dues of 9 pesticides. 

 
Reagents and Apparatus 

HPLC-grade methanol and organic trace analysis 
grade ethyl acetate were purchased from Merck (Ge-
rmany). Anhydrous sodium sulfate was purchased 
from Pancreac (Spain). Standard solutions of sele-
cted pesticides including:- 

 Diazinon, Carbaryl, Chlorpyrifos, Imidacloprid, 
Endosulfan, Cypermethrin, Cyfluthrin, Deltame-
thrin, Metalaxyl (All from Riedel de Haen, Ger-
many). 

 
Sample Preparation 

Each sample (1kg) was chopped and homogenized 
for 3 minutes at high speed using a food chopper. 

 
Extraction Procedure 

A 50 g amount of chopped sample was placed in a 
250 ml glass beaker and mixed thoroughly with 100 
ml of ethyl acetate and 50g of anhydrous sodium 
sulfate, using a food chopper for 2 min. The homo-
genate was allowed to settle and the supernatant 
was passed through a filter paper into a 500 ml 
rotary-evaporation flask. The solid residue was 
again homogenized with 100 ml ethyl acetate, fil-
tered through the anhydrous sodium sulfate and 
collected with the first extraction fraction. Twice 25 
ml ethyl acetate was used to rinse the glass beaker 
and the rinsing was passed through the filter and 
collected. A rotary evaporator set at 40ºC and 250 
mbar was used to evaporate the extract to less than 
5 ml, and then, the extract was passed to a gradu-
ated conical tube (15 ml) and evaporated to dryness 
under a stream of nitrogen at 50ºC. The sample was 
reconstituted in 10ml of methanol. A volume of 20 
µl of the final extract was injected into the LC-MS 
system.15 

Analytical Procedure 

 Multiresidue method was selected for the detec-
tion of different pesticide residues in different sam-
ples. A Thermofinnigan (LCQ Advantage Max, USA) 
LC-MS system (LC Finnigan Surveyer) equipped 
with a binary solvent pump and an auto sampler 
was used. The system consisted of standard atmos-
pheric pressure ionization (API) source configured 
as atmospheric chemical ionization (APCI). The 
analytical column was ODS.3 
 
Optimization of operating conditions 
 The operating conditions of the APCI interface 
in positive ionization mode were optimized. Follow-
ing parameters were set:- 
 Source heater temperature 300ºC, Sheath gas 
flow rate 40, Aux/sweep gas flow rate 10 
 Discharge current 5(µA), Capillary Temperature 
175ºC, Capillary voltage 40V 
Tube lens offset (V) 35. 
 Main ions for the selected pesticides were sele-
cted by flow injection analysis (FIA) with the syri-
nge pump of the individual solutions of the pesti-
cides (10 mg/ml). The lowest reporting levels were 
0.02 and above. Selected ion monitoring (SIM) 
mode was used for the quantitative analysis of the 
samples. The residues of different pesticide were 
identified on the basis of their selected ions, quan-
tified on the basis of their respective peaks and 
reported on the basis of their sample weight and are 
expressed as mg/Kg.16 
 
Table 1:  Selected ions of the analyzed pesticides 
 

Pesticide 
Molecular 
mass 

Selected ions 
(m/z) 

Diazinon 304 304, 179 

Carbaryl 201 201 

Chlorpyrifos 349 349, 314, 197 

Imidacloprid 256 256, 175 

Endosulfan 406.9 406 

Cypermethrin 415 415209, 181 

Cyfluthrin 433 433, 206, 127 

Deltamethrin 503 503, 253, 115 

Metalaxyl 279.34 279 

 

RESULTS 
NDL: No detectable Level 
The results showed that 83% of the fruit and 
vegetable samples did not have detectable levels of 
any pesticide residue. Only 17% of all samples were 
positive for pesticide residues. 25% of the vegetable 
samples were positive and 75% were negative for 
residues. 100% of the fruit samples were negative 
for residues. 50% of the tomato samples analyzed 
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had detectable residue levels while 100% of 
the apple and cucumber samples had no dete-
ctable level of residues. 100% of the samples 
positive had residue levels below the maxi-
mum residue limit (MRL) set by WHO. 

 
DISCUSSION 
Apple and cucumber mostly and tomato usu-
ally are used uncooked. Pesticides are the pa-
rt of majority of chemicals applied on them. 
The present investigation determined the pe-
sticide residues in tomato, apple and cucum-
ber samples collected from different markets 
of Lahore city and compared them with the 
limits set by the WHO. It was found that most 
of the samples did not contain any detectable 
level of residues of any of the nine pesticides 
analyzed. Two samples of tomato did have re-
sidues of Imidacloprid but they were within 
the MRL. So it was found that most of the 
fruit and vegetable samples did not pose a 
serious threat to the health of consumers. 

 

Table 2: MRLs of analyzed pesticides by the WHO in selected 
fruits and vegetables 

 

Pesticide 

MRL in 
tomato17 

(mg/kg) 

MRL in 
apple 17 

(mg/kg) 

MRL in cu- 
cumber 17 

(mg/kg) 

Diazinon 0.5 NA 0.1 

Carbaryl 5 5 NA 

Chlorpyrifos 0.5 NA NA 

Imidacloprid 0.5 0.5 1 

Endosulfan 0.5 NA 1 

Cypermethrin 0.5 NA 0.2 

Cyfluthrin 0.5 0.5 NA 

Deltamethrin 0.3 0.2 NA 

Metalaxyl 0.5 NA 0.5 
 

MRL: Maximum residue limit, WHO: World Health Organiza-
tion, NA: Not available 

 
 The results of 
the present investi-
gation further sup-
port the findings of 
the study carried out 
in Multan in 2002, 
in which the residues 
of cypermethrin, me-
thamedophos, mon-
ocrotophos, cyflu-
thrin, dialdrin and 

 
Table 3: Pesticide residues in fruit and vegetable samples in markets of Lahore in 

2008. 
 

Samples 
No. 

analyzed 
Residues 

+ve 
NDL % 

+ve 
<MRL > 

MRL 
%> 
MRL 

Tomato 4 2 2 50 2 0 0 

Apple 4 0 4 0 0 0 0 

Cucumber 4 0 4 0 0 0 0 

 

methyl –parathion in different varieties of mangoes 
were analyzed. None of the samples had residues in 
excess of the MRLs.12 
 Similarly, in an investigation carried out in 
1998, by monitoring insecticide residues in vegeta-
bles and fruits at the market level in Mauritius, it 
was concluded that most of the vegetable and fruit 
samples analyzed did not contain residues of the 
monitored insecticides above the MRL, although, 
some insecticide residues were detected in few sam-
ples only.18 Fenske RA et al (2002) made an asses-
sment of organophosphorous pesticide expoures in 
the diets of preschool children in Washington State. 
Their work supported the theory that due to dietary 
differences, young children may experience higher 
levels of pesticide exposures through their diets 
than older children and adults. According to their 
study, none of the OP pesticide detections were abo-
ve the legal tolerances.5 In 2006, Bai Y et al conclu-
ded that the OP pesticide residues were present in 
fruits and vegetables in Shaanxi area of China.6 
Hura C et al (1999) in their study the Eastern Roma-

nia area concluded that organochlorine pesticides 
were found in all analyzed samples.19 

 

 
 

Figure 1: 
 

Pesticide residues detected in marketed fruits and  
vegetables in Lahore in 2008 
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Figure 2: Pesticide residues in fruits and vegetables 

compared with WHO allowed levels. 

 
 The studies disclose that even a low level expo-
sure to pesticide residues puts consumers especially 
children on risk in a cumulative manner. So an ana-
lysis showing the residues in undetectable or safe 
range does not essentially mean that it is absolutely 
safe and free of any untoward effects. Many studies 
carried out in different parts of the world show var-
ying results. This variation may be due to difference 
in the agricultural practices in applying the pesti-
cides. The lack of data is still the major factor and 
there is a dire need for further studies and investi-
gations. 

 So further work on a broader scale is needed 
and mutual and coordinated efforts by the experts 
from environmental, chemical and health sciences 
are needed to be initiated. 
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