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ABSTRACT
Insecticides, indispensable in crop-protection, leave behind the toxic residues of various kinds, 
which may lead to a variety of metabolic and systemic dysfunctions in man and other non-target 
organisms through dietary intake. Therefore, this study was conducted in the Department of 
Entomology, University of Sargodha, Sargodha, Pakistan during the year 2015. to evaluate the 
residual level of insecticides. Optimized analytical methods using gas chromatography–mass 
spectrometry (GC–MS) and high performance liquid chromatography (HPLC) were adopted for 
the simultaneous screening of roughly 22 insecticides in fruits, vegetables, pollen, nectar and 
water samples in three zones of Punjab Pakistan. Out of total of 143 samples analyzed (59 
fruits & vegetables, 36 pollen, 36 nectar and 27 water samples), 50 samples (34.96%) were 
found positive for one or more insecticides. Fruits and vegetables 24(40.67%), pollen 8(22.22%) 
and nectar 6(16.66%) and water 18(66.67%) samples were found positive. Total 13 insecticides 
were detected in 27 water-samples of three zones of Punjab (Pakistan) ranging from 0.02 to 
0.8 µg/L. Different insecticides including carbosulfan, profenofos, cypermethrin, endosulfan 
sulfate and chlorpyriphos-methyl were frequently detected in the fruit and vegetable samples. 
The results suggest that consumers of Punjab province are exposed to the lower concentrations 
of insecticides that can cause long-lasting disorders. 
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INTRODUCTION
Although pesticides are indispensable in crop-
protection, yet these leave behind toxic residues of 
several kinds. When these residues of pesticides are 
consumed alongwith food, these may prove to be toxic 
to man and other non-target organisms. Therefore, the 
U.S Environmental Protection Agency (EPA) classified 
pesticides in food as one of the country`s most serious 
health and environmental problems. The existence of 
pesticide-residues in food and consequently in body 
tissues of the non-target population, is thus viewed 
with serious concerns (WHO, 1990).    
Higher proportion of pesticides is being used in the 
province Punjab (88.3%), followed by Sindh (8.2%), 
Khyber Pakhtunkhwa (KPK) (2.8%) and Balochistan 
(0.76%). Out of these, 11.9% pesticides are being 
used on fruits and vegetables (Khan et al., 2010). As 
a consequence, higher pesticide residues are found 
typically in fruits and vegetables as compared to other 
food produces. A good overview is given in a report 
(Fantke et al., 2012) where residues of a wide range 
of pesticides in fruits and vegetables are higher to 
the order of extent than in other foodstuffs. Different 
types of insecticides and fungicides are being used on 
different fruits and vegetables in different parts of the 

country (Zia et al., 2009; Khan et al., 2010). 
Misuse of pesticides and lack of safety measures 
by occupational workers, have resulted in a drastic 
increase in the health problems. The use of insecticides 
is linked to a high rate of child cancer, respiratory, 
mental-development and such other disorders (Ware, 
1980). These studies blamed the poor level of 
implementation of rules and regulations by various 
national and regional legislative authorities, regarding 
the use of banned chemicals. On the other hand, the 
presence of existing stockpiles of obsolete pesticides, 
demolished factories and highly persistent nature of 
these chemicals, resulted in severe contamination of 
different environmental media and posed many health 
threats due to long-term accumulation in the food 
chain (Eqani et al., 2012a; Malik et al., 2011). 
Hussain et al. (2002) reported the residual levels 
of frequently used pesticides, viz., cypermethrin, 
methamedophos, monocrotophos, cyfluthrin, dieldrin 
and methyl parathion in three varieties of mango 
collected from the farmer’s fields in Multan region. The 
study showed that pesticides residues were detected 
in all the studied samples at different levels. However, 
none of the samples exceeded the permissible limits 
of  studied  chemicals set by FAO/WHO (2004). 
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Tahir et al. (2009) reported similar trends of results 
described by Hussain et al. (2002) and confirmed the 
findings of the aforementioned study.
Honeybees play a significant role in the pollination of 
field crops. The degree of pollination ranges from 60-
80% depending upon the environmental factors and 
visitation by insect pollinators (Boss et al., 1980). The 
use of honey bees (Apis spp.) have been reported to 
enhance fruit setting and seed yield (Cervancia and 
Forbes, 1993; Ambrose et al., 1995; Gingras et al., 
1997). Nevertheless, the use of insecticides results 
in repellence or toxicity to bees through pollen and 
nectar, thus reducing the crop yield significantly (Haq 
and Gardez, 1983; Illarionov, 1995).
Soil-water is an important natural resource for the 
economic and safe supply of drinking water and plays 
a fundamental role in the human life. The pressure 
on ground water, both in terms of quantity and 
quality, however, has increased to an extent; wherein 
not only drinking water sources, but also sensitive 
ecosystem has been threatened by pollution from 
human exploitation. An increasing demand for water, 
an increasing use of pesticides and atmospheric 
deposition of numerous sources of contamination 
are constant threats to the quality of groundwater 
(Lindstrom, 2004). Quality of water is determined by 
the presence of chemicals in it (Ishaq et al., 2016). In 
Pakistan, Parveen and Masud (1988) have detected 
some organochlorinated insecticides in cattle drinking 
water from Karachi while Jabbar et al. (1993) reported 
monocrotophos, cyhalothrin, and endrin in shallow 
groundwater of Faisalabad.  Ahad et al. (2000) detected 
few insecticides from KPK province of Pakistan. Most 
of studies focus on quality with respect to irrigation 
(Rehman et al., 2011; Ishaq et al., 2016). Insecticide 
residues in groundwater samples and different other 
commodities from the areas of Punjab have so far not 
been reported simultaneously in an integrated manner. 
So in this most currently used insecticides were 
investigated.

MATERIALS AND METHODS
This study was conducted in the Department of 
Entomology, University of Sargodha, Sargodha, 
Pakistan during the year 2015. The province Punjab 
was divided into three zones viz. Cotton Zone,  
Central Mixed Zone and Rice Zone. Three farms 
were selected from each zone. Nine commodities 
viz. three summer vegetables (spinach, pumpkin and 
cucumber), three fruits (mango, guava and citrus) 
and three winter vegetables (brinjal, cauliflower 
and cabbage), were investigated. Pollen and nectar 
samples were collected from the same vegetables on 
availability. Vegetables to be used as control samples 

were grown at same farms without any type of 
pesticide treatment, while fruits samples were taken 
from selected trees with no pesticide application for 
previous three years. For water sample each zone 
(Z) was divided into three sub zones. Each sub zone 
was further divided into three sites. ie. insecticide 
industry area F., sprayed area S, cultivated for last 
five years and uncultivated/untreated area of wild 
vegetation used as control. Three water samples 
were collected from each sub zone (Sz). One sample: 
S, was collected from each site Industry, sprayed and 
control sub zone. District Multan from cotton zone, 
district Faisalabad from mix zone and district Lahore 
from rice zone, were selected for sampling. 
A-Subject samples of 3Z x 3Sz x 2S= 18 from industry 
and insecticide treated area in the farmer’s field.
B-9 samples from untreated/uncultivated area within 
5 Km diameter as control.
Fresh samples of some fruits, vegetables, pollens 
and nectar were collected and the residue level of 
pesticides, on the crop was assessed before their 
going to the market following a Codex Alimentation 
(FAO/WHO, 1984) protocol.
Water samples, for insecticide residual analysis, were 
collected in plastic-bottles of 1.5 liters capacities. 
Before collecting the samples, the bottles were 
washed and rinsed properly several times, firstly 
with hot water and then, with distilled water. Water 
samples were collected from the hand-pumps or tube 
wells, through purging out. 

Extraction method A  (Fruits and Vegetables)
A 15 g sample+acetone (30 ml) was extracted with 
a probe blender for 20s. Then, dichloromethane (30 
ml) and light petroleum (30 ml) were added, and the 
residue was reconstituted in 1.0 ml of hexane for GC-
MS and methanol 0.02% acetic acid, to give a final 
matrix concentration of 0.2 g/ml (Hiemstra and Andre, 
2007). 

Extraction method B (Pollens and Nectar) 
During flowering (5 weeks after transplanting), butter 
paper bags were placed over pedicilate flower buds 
that had not yet blossomed to prevent pollinator visits. 
Nectar is secreted from a layer of tissue lining the 
bottom cavity at the base of the filament. Nectar was 
collected with a 1 ml syringe by drawing liquid from 
this nook. Extractions were made on multiple flowers 
(usually 40−50 per replicate) until 1.5 ml collected from 
each plot. After nectar was extracted, pollen from the 
anther stalk of flowers was dislodged to collect at least 3 
grams per plot. Residues detected in these cumulative 
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amounts of nectar and pollen represented the average 
level present during the entire collection period.

Extraction method C (Water) 
Extraction was done by mixing 30 ml water 10 ml 
acetone with 40 ml dichloromethane Clean-up: Sodium 
sulfate was added into a graphitized carbon black 
cartridge to about 2 cm. For A–D group pesticides, 

exchanged with 2 x 5 ml hexane twice and make up to 
about 1 ml. The extract solution is equivalent to 10 g 
samples. For E group pesticides, exchanged with 2 x 5 
ml methanol twice and make upto 1 ml with methanol, 
subjected to GC-MS (Pang et al., 2006).  The retention 
time, quantifying and qualifying ions are given below 
in Table 1.

Insecticide analysis

GC-MS system: Gas Chromatograph: QP 2010 Gas 
Chromatograph (Shimadzu, Japan), equipped with 
an auto sampler, Detector : Mass selective detector, 
Column : Capillary column (DB-1701, 30m x 0.25mm x 
0.25 mm; J&W Scientific, Folsom, CA, USA). 

GC-MS operating conditions: Column temperature 
= 40 0C, Hold time = 1 min,30 0C /min to 130 0C, 5 
0C min to 250 0C, 10 0C /min to 300 0C, hold 5 min, 
Carrier gas = helium, purity, 99.999%, Flow rate = 1.2 
ml/min;  Injection port temperature = 290 0C; Injection 
volume = 1 Litter; injection mode (splitless), purge on 
after 1.5 min; Ionization voltage = 70 eV; Ion source 
temperature = 230 0C; GC/MS interface temperature = 
280 0C; selected ion monitor mode.  

Calibration of GC-MS system:  
GC system was calibrated using external standard 
technique.

Linearity checks: Gas chromatograph equipped with 
MS was checked for linearity. Instrumental limit of 
detection for all pesticide was < 0.1 ng/ml.

Peak Identification/library search: Peak were 
identified individually in GC-MS with following internal 
libraries (1) PESTI NCI Lib.(2) PESTI EI Lib

Confirmation and Quantification

Spiking: Identity of the analyte was reconfirmed by 
spiking with known standard

Table 1. Parameters for determination of pesticide residues by GC-MS.
No. Pesticide Retention time (minutes) Quantifying ion Quantifying ion

1 2 3
Group A

1 Phorate        15.49 260(100) 121(160) 231(56) 153(3)

2 Aldrin        19.64 263(100) 265(65) 293(40) 329(8)

3 Chlorpyrifos-ethyl        20.92 314(100) 258(57) 286(42)
4 Malathion        21.53 173(100) 158(36) 143(15)
5 Bifenthrin        28.55 181(100) 166(25) 165(23)
6 Carbosulfan        28.73 160(100) 118(74) 323(14)
7 Cypermethrin        33.48 181(100) 152(23) 180(16)
8 Deltamethrin        35.76 181(100) 172(25) 174(25)

Group B
9 Chlorpyrifos-methyl       19.31 286(100) 288(70) 197(5)

10 Profenofos       24.60 339(100) 374(39) 297(37)
11 Buprofezin      24.88 105(100) 172(54) 305(24)
12 Endrin     25.13 263(100) 317(30) 345(26)
13 Endosulfan sulfate     29.02 387(100) 272(165) 389(64)

Group C
14 Thiamethoxam     24.36 182(100) 212(92) 247(124)
15 Chlorfenapyr     27.61 247(100) 328(47) 408(42)
16 Pyriproxyfen    30.03 136(100) 226(8) 185(10)
17 Acetamiprid    33.88 126(100) 152(99) 166(58)

Group D
Parameters for determination of pesticide residues by HPLC

No Pesticide Retention time      
(minutes) Wavelength(nm)

18 Lufenuron 3.301 295
19 Nytenpyram 5.068 260
20 Trichlorfon 2.002 220
21 Emamectin Benzoate 5.249 245
22 Imidacloprid 2.299 260
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RESULTS AND DISSCUSSION

Insecticide residues in few fruits, vegetables, 
pollen and nectar

Vegetables and fruits: Three spinach samples were 
found positive for bifenthrin and chlorfenpyre with 
frequency of two each and average concentration of 
0.625 and 0.054 µg/g, respectively (Table 2). 
Five pumpkin samples were found positive for 
cypermethrin, acetamiprid, buprofezin and profenofos 
with an average concentration of 0.048, 0.003, 0.001 
and 0.038 µg/g, respectively. Only two cucumber 
samples contained chlorpyriphos and acetamiprid @ 

0.014 and 0.066 µg/g. Bifenthrin and profenofos were 
detected in two mango samples @ 0.079 and 0.028 
µg/g, collected from J. K. Farm and Sundar Farm in 
Faisalabad district of Punjab Pakistan. Two guava 
samples collected from J. K. Farm and Raza Model 
Farm (R.M.F.) were found positive for acetamiprid and 
imidacloprid @ 0.025 and 0.026 µg/g respectively. 
Bifenthrin was detected in two citrus samples with 
concentration of 0.093 and 0.048 µg/g respectively. 
Chlorpyrifos was detected in one sample collected 
from Muhammad Ali Sindhu Farm Faisalabad Pakistan 
@ 0.077 while profenofos was detected in two brinjal 
samples with an average concentration of 0.035 µg/g. 

Table 2. Concentrations of detected insecticides (µg/g) in vegetables of different farms in three studied zones.
Zones Summer  vegetables

Spinach Pumpkin Cucumber
Insecticide 
detected

Conc. Insecticide 
detected

Conc. Insecticide 
detected

Conc.

Mix Zone
J.K Farm Bifenthrin+ 0.054 NT - Chlorpyriphos 0.014

Clorfenpyre 0.012
M.A. Farm NT - NT - Acetamiprid 0.066
Sundar Farm Clorfenpyre 0.096 NT - NT -
Cotton Zone
R.M. F. Bifenthrin 0.071 Cypermethrin 0.055 NT -

Acetamiprid 0.003
Farm 170 NA - Buprofezin 0.001 NT -
Khakwani Farm NT - NA - NT -
Rice Zone
Rajkot NT - Cypermethrin 0.041 NT -
Vania Wala NA - Profenofos 0.038 NT -
Tatlay Ali NT - NA - NT -

Fruits
Mango Guava Citrus

Mix Zone
J.K Farm Bifenthrin 0.079 Acetamiprid 0.025 NA -
M.A Farm NA - NT - NA -
Sundar Farm Profenofos 0.28 NT - NT -
Cotton Zone
R.M. F. NT - Imidacloprid 0.026 NA -
Farm 170 NT - NA - NT -
Khakwani Farm NA - NT - Chlorpyriphos 0.093
Rice Zone
Rajkot NA - NT - NT -
Vania Wala NA - NA - NT -
Tatlay Ali NA NT - Chlorpyriphos 0.048

Winter vegetables
Brinjal Cauliflower Cabbage

Mix Zone
J.K Farm NA - Bifenthrin 0.015 NA -

M.A Farm Chlorpyriphos 0.077 Profenofos
Cypermethrin

0.035
0.041 NT -

Sundar Farm NA - NT - NT -
Cotton Zone
R.M. F. NT - Carbosulfan 0.064 NA -
Farm 170 NA - NT - NT -
Khakwani Farm Profenofos 0.038 NT - NA -
Rice Zone
Rajkot NT - NT - NT -
Vania Wala NA - NT - NT -
Tatlay Ali Profenofos 0.032 NT - NA -
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Three cauliflower samples were found positive for 
bifenthrin, profenofos, cypermethrin and carbosulfan 
@ 0.015, 0.035, 0.041, and 0.064 µg/g, respectively. 
No control sample was found positive.
Current results show only one mango sample 
collected from J. K Farm, Faisalabad exceeded MRL 
for bifenthrin detected @ 0.079 µg/g. These results are 
in agreement with those of Latif et al. (2011b) who, in 
their surveillance studies, determined the level of 26 
pesticides in three popular fruits (i.e., apple, grapes 
and orange). Out of the total 131 analyzed samples, 
53 samples (40%) were found contaminated with 
pesticide residues while only three (2%) samples 
exceeded the maximum residue limits (MRLs). 
Chlorpyriphos and dieldrin were detected in almost all 

samples analyzed. Residues of chlorpyriphos (1,256 
ng/g) and endosulfan sulfate (1,236 ng/g) were found 
higher in apple samples. Tahir et al. (2000) monitored 
the pesticide residues in Mardan district, of KPK 
province in Pakistan. He found the contamination of 
ground-water samples in three areas, mainly due to 
their over usage and wind drift, at the time of their 
application and washing of containers at the nearby 
open wells. In another study, Tariq et al. (2004) also 
found similar results.

Pollens: Cypermethrin was detected in two pumpkin 
pollen samples collected from R.M.F and Rajkot @ 
0.04 and 0.041 µg/g (Table 3). Acetamiprid in two 
samples collected from J. K farm and Muhammad Ali 
Sindhu Farm @ 0.03 and 0.05 µg/g respectively. 

Table 3. Concentrations of detected insecticides (µg/g) in pollan of vegetables of different farms in three studied zones.
Season Summer vetables

Spinach Pumpkin Cucumber
Zone Insecticide detected Conc. µg/g Insecticide 

detected
Conc. 
µg/g

Insecticide detected Conc. µg/g

Mix zone
J. K. Farm NA - NT - NT -
M.A. Farm NA - NT - Acetamiprid 0.03
Sunda Farm NA - NT - NT -
Cotton Zone
R.M.F NA - Cypermethrine 0.04 NT -
Farm 170 NA - NT - NT -
Khakwani Farm NA - NT - NT -
Rice Zone
Rajkot NA - Cypermethrine 0.041 NA -
Vania Wala NA - NT - NA -
Tatlay Ali NA - NA - NA -

Fruits
Mango Guava Citrus

J. K. Farm NT - Acetamiprid 0.05 NA -
M.A. Farm NA - NT - NA -
Sunda Farm NT - NT - NT -
Cotton Zone
R.M.F NT - Imidacloprid 0.09 NA -
Farm 170 NT - NA - NT -
Khakwani Farm NA - NT - NA -
Rice Zone
Rajkot NA - NT - Chlorpyriphos
Vania Wala NA - NA - - -
Tatlay Ali NA - NT - - 0.08

Winter vegetables
Brinjal Cauliflower Cabbage

J. K. Farm NA NA NA - NA -
M.A. Farm Chlorpyriphos - NA - NA -
Sunda Farm NA 0.04 NA - NA -
Cotton Zone
R.M.F NT - NA - NA -
Farm 170 NA -- NA - NA -
Khakwani Farm NA - NA - NA -
Rice Zone
Rajkot NT - NA - NA -
Vania Wala NA - NA - NA -
Totlay Ali Profenosos 0.07 NA - NA -
SD : Standard deviation, NT : Not traceable, NA : Fruits/vegetables not available.

Chlorpyrifos was detected in two pollen samples of 
citrus and brinjal @ 0.08 and 0.04 µg/g respectively. 
Imidacloprid and profenofos @ 0.09 and 0.07 µg/g 
were detected in one sample each collected from 

R.M.F and Tatley Ali Farm. While pollen samples were 
not available from spinach, cauliflower and cabbage. 
Mango samples were not available in rice zone.
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Table 4. Concentrations of detected insecticides (ug/ml) in nectar of different vegetables of different farms 
in three studied zones.

Zones Summer  vegetables
Spinach Pumpkin Cucumber

Insecticide 
detected

Conc. Insecticide 
detected

Conc. Insecticide 
detected

Conc. 

Mix Zone
J.K Farm NA - NT - NT -
M.A Farm NA - NT - Acetamiprid 0.04
Sundar Farm NA - NT - NT -
Cotton Zone
R.M.F NA - Cypermethrin 0.06 NT -
Farm 170 NA - NT - NT -
Khakwani Farm NA - NA - NT -
Rice Zone
Rajkot NA - Cypermethrin 0.041 NT -
Vania Wala NA - NT - NT -
Tatlay Ali NA - NA - NT -

Fruits
Mango Guava Citrus

Mix Zone
J.K Farm NT - Acetamiprid 0.07 NA -
M.A Farm NA - NT - NA -
Sundar Farm NT - NT - NT -
Cotton Zone
R.M. F NT - Imidacloprid 0.05 NA
Farm 170 NT - NA - NT -
Khakwani Farm NA - NT - NA -
Rice Zone
Rajkot NA - NT - NT -
Vania Wala NA - NA - NT -
Tatlay Ali NA - NT Chlorpyriphos 0.02

Winter  vegetables
Brinjal Cauliflower Cabbage

Mix Zone
J.K Farm NA - NA - NA -
M.A Farm Chlorpyriphos 0.02 NA - NA -
Sundar Farm NA - NA - NA -
Cotton Zone
R.M. F NT - NT - NA -
Farm 170 NA - NA - NA -
Khakwani Farm NA - NA - NA -
Rice Zone
Rajkot - NA - NA -
Vania Wala NT - NA - NA -
Tatlay Ali Profenofos 0.01 NA - NA -

NT = Not traceable. NA = Fruits/Vegetables not available

Nectar: With regards to nectar samples. cypermethrin 
was detected in two nectar samples with an average 
concentration of 0.05 µg/mL from pumpkin sample 
(Table 4). One cucumber sample collected from 
Muhammad Ali Sindhu Farm contained acetamiprid 
@ 0.04 µg/ml. Guava nectar collected from R.M.F 
contained imidacloprid @ 0.05 µg/mL. Chlorpyrifos 

and profenofos was detected in two and one samples 
with an average concentration of 0.02 and 0.01 µg/
mL, respectively. Anon. (2012) discussesd 15 years of 
research on neonicotinoids on honeybees. In specific, 
they highlighted the concentrations found in numerous 
substances (e.g., pollen, honey and honeybees) and 
their related side effects (lethal and sub lethal).

The present results are similar to the findings of 
Krupke et al. (2012) who used LC / MS-MS to analyze 
samples of pollen stored in the hive, honeybees, and 
many potential routes of exposure associated with 
neonicotinoids insecticides treated corn. The results 
are also partially parallel to those of Kasiotis et al. 

(2014), who analyzed pesticide residues in honeybees, 
bee pollen and honey samples from different areas of 
Greece. From the analysis the presence of 14 pesticides 
active substances were observed in all matrices with 
concentrations ranging, for honeybees, from 0.3 to 
81.5 ng/g, for bee pollen, from 6.1 to 1273 ng/g. One 
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honey sample was found positive for carbendazim at 
1.6 ng/g. The latter confirmed the presence of such 
kind of compounds in honeybee body and honeybees’ 
products.
Inconsistency in pesticide residue investigations is 
most complex problem. Due to variation within species 
of plants and within plants of same species too, even 
great inconsistency is reported. Residual analysis of 
single fruit varies from the analysis performed on an 
aliquot of the same lot consisting of more fruits (Fantke 
and Juraske, 2013). In monitoring studies, especially 
when fruits and vegetable samples are taken from 
farmers’ fields in different agro-ecological zones, 
such nonconformities are a common phenomenon. In 
Pakistan, no attempts have been made to determine 
the residues on agricultural food commodities under 
good agricultural practices (GAPs). Higher values of 
pesticide residue in food stuffs may also be the result 
of absence of updated food rules and regulations 
because food laws of Pakistan are about 40 years’ old 
and silent on the pesticide residue limits in 105 food 
commodities (Tariq, 2005). Investigation on pesticide 
residues should be legalized in developing countries 
like Pakistan to meet the implication of WTO (Anwar 
et al., 2006) and to switch the indiscriminate use 
of the toxic pesticides in the country and to ensure 
that the consumers are not exposed to any kind of 
risks. From these results, it can be concluded that 
farmers did not follow appropriate precautions with 
regard to use of pesticides in proper dose and pre-
harvest intervals (PHI), which is the time between last 
pesticide application and harvest of treated-crops.
When the results of studies conducted at different time 
periods in various parts of Pakistan, are compared 
with the results from other cities in Europe and 
Asian countries, only a maximum of 10% of samples 
exceeded MRLs in fruits and vegetables revealing 
an accurate implementation of legislation, regarding 
safe dosage of pesticide application on food produces 
(Knezevic et al., 2012; Hjorth et al., 2011). Studies 
reported from Pakistan showed higher residual levels 
and number of samples above the MRLs. These 
results agree to those of other studies documented 
from neighboring countries like China and Bangladesh 
(Chen et al., 2011; Alamgir et al., 2013). These 
results have shown an extensive use of pesticides in 
agricultural sector in developing countries including 
China, Bangladesh and Pakistan (Chen et al., 2011).

Insecticide residues in ground water
In all 13 insecticides were detected in water samples 
of three zones (Table 5). Most insecticide were 
detected in water samples collected from insecticide 
industry area. Similar results were obtained by Ahad 

et al. (2000). Total insecticide residues ranged from 
0.2 µg/L to 0.82 µg/L. Nine of 12 (75%) samples 
exceeded MRLs. Independently from toxicological 
considerations for individual ingredients, MRLs for 
pesticide residues in drinking water and ground water 
in the EU have been set to a common standard value 
(0.1µg/L). Directive 2013/39/EU proposed maximum 
allowable concentrations (MAC) and annual average 
(AA) for levels of priority compounds and certain other 
pollutants in inland surface and other surface watersas 
EQSs (European Parliament., 2013). Eleven out of 13 
insecticides exceeded MRL with different frequencies. 
This may be due to wind drift during application or 
direct spillage since the empty insecticide containers 
are usually washed near the tube wells or hand pumps. 
Only endosulfan and lufenuran were below MRL. This 
may be linked to less use of endosulfan due to ban 
on OCs and less detection efficiency. Higher residue 
concentrations for individual insecticides, especially 
buprofezin, phorate, chlorpyrifos and chlorfenpyre, may 
also be due to direct spillage since the contamination 
level is independent of the water depth (Ahad et al., 
2000).
Overall number of positive samples and their 
percentage in fruits/vegetables, pollen nectar and 
goundwater are given in following Fig. 

Indeed, the lack of awareness of farmers about 
application dose, methods of application and 
appropriate interval between harvesting and pesticide 
treatment, as well as negligence or non-availability 
of guidance has become an important environmental 
issue of the country (Eqani et al., 2012a; Syed et al., 
2013a, b, 2014).
Although preventions on the use of toxic compounds 
like OCs and OPs banned from the Stockholm 
Convention have been implemented in developing 
nations since 2001, these persistent toxic chemicals 
are still in use in Pakistan (Eqani et al., 2013). For 
instance, recent input of DDTs and several other 
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Table 5.  Concentrations of detected insecticdes (ug/L) in water samples of different sites in three studied zones.
Pesticide
Samples

1 2 3 4 5
I S C I S C I S C I S C I S C

Cotton zone
1. ND ND ND 0.21 ND ND 0.03 ND ND 0.58 ND ND 0.08 ND ND
2. 0.25 ND ND 0.07 0.08 ND 0.03 0.07 ND 0.11 ND ND ND 0.34 ND
3. ND ND ND ND ND ND 0.08 ND ND 0.01 ND ND 0.07 ND ND

Av. Conc 0.25 0.14 0.08 0.046 0.07 0.23 0.075 0.34

Mix zone
1. ND ND ND 0.12 ND ND 0.21 ND ND 0.017 ND ND 0.44 ND ND

2. ND 0.02 ND 0.34 ND ND 0.18 ND ND 0.12 ND ND ND ND ND
3. ND ND ND 0.03 ND ND 0.14 ND ND 0.07 ND ND 0.01 ND ND

Av. Conc 0.02 0.16 0.176 0.07 0.22
Rice zone

1. 0.03 ND ND 0.04 ND ND 0.05 0.08 ND 0.015 ND ND 0.04 ND ND
2. ND ND ND 0.02 ND ND 0.30 ND ND 0.05 ND ND 0.06 0.6 ND

3. 0.09 ND ND 0.08 ND ND 0.06 0.34 ND 0.01 ND ND 0.03 ND ND
Av. Conc 0.06 0..04 0.14 0.14 0.025 0.042 0.6

6 7 8 9 10
I S C I S C I S C I S C I S C

Cotton Zone
1. ND ND ND 0.11 ND ND ND ND ND 0.05 ND ND ND ND ND
2. 0.02 ND ND 0.23 ND ND ND 0.07 ND 0.34 ND ND ND ND ND
3. ND ND ND 0.08 ND ND ND ND ND ND ND ND ND ND ND

Av. Conc 0.001 0.14 0.07 0.13
Mix zone

1. ND ND ND 0.98 ND ND ND ND ND 0.01 ND ND 0.34 ND ND
2. ND ND ND 0.01 ND ND 0.23 ND ND 0.13 ND ND 0.03 0.23 ND
3. ND ND ND 0.02 ND ND ND ND ND 0.17 ND ND ND ND ND

Av. Conc 0.33 0.02 0.1 0.185 0.23
Rice zone

1. ND ND ND 0.06 ND ND 0.6 ND ND 0.28 ND ND 0.26 ND ND
2. ND ND ND 0.12 ND ND ND ND ND 0.02 ND ND ND ND ND
3. ND ND ND 0.11 ND ND ND ND ND 0.06 ND ND 0.05 ND ND

Av. Conc 0.1 0.06 0.12 0.16
11 12 13

Cotton zone
1. 0.05 ND ND 1.06 ND ND 0.11 ND ND
2. 0.34 0.07 ND 0.08 ND ND ND ND ND
3. ND ND ND ND ND ND ND ND ND

Av. Conic 0.04 0.07 0.07 0.11
Mix zone

1. 0.55 ND ND 0.12 ND ND 0.09 ND ND
2. 0.16 0.34 ND 0.07 ND ND 0.26 ND ND
3. 0.17 ND ND 0.02 ND ND 0.01 ND ND

Av. Conc 0.29 0.34 0.07 0.12
Rice zone

1. 0.02 ND ND 0.06 ND ND 0.01 ND ND
2. 0.02 ND ND 0.09 ND ND 0.01 ND ND
3. 0.01 ND ND 0.02 ND ND 0.07 ND ND

Av. Conc 0.019 0.06 0.03
Nd = Not Detected, 1 (Profenofos), 2 (Cypermethrin), 3 (Clorpyrifos), 4 (Bifenthrin), 5 (Carbosulfan), 6 (Endosulfan), 7 (BLufenuran), 8 (Lufenuran), 9 
(Phorate), 10 (Emamectin), 11 (Chlorfenpyre), 12 (Imidacloprid), I = Industrial area, S = Sprayed are, C = Control/untreated/uncultivated area.

OCs/OPs into the environment has been recorded 
repetitively in diverse environmental samples by 
different studies in South Asian Region (Eqani et al., 
2012b; Syed et al., 2013a,b & 2014; Alamdar et al., 
2014). Because of the ability of these substances to 
travel long distances, their nonstop use in the South 
Asian developing countries may cause contamination 
in other parts of the world as well, even in pristine 
areas such as the Arctic and Antarctic. In addition, 
recycling of organic contaminants from contaminated 

soils into the atmosphere is another type of pollution 
mean to the global environment. All of these facts 
may further support the previous assumption that 
contamination by these persistent contaminants 
remains a critical environmental issue in the region. 
This is the reason why pesticides residues have 
been more frequently detected in food commodities 
in developing countries as compared to developed 
countries (Chen et al., 2011). In order to have area 
and season wise comparative assessment of the 
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contamination of vegetables, total concentrations of 
different pesticide residues shows that the bifenthrin 
was present in all the three zones and both seasons.  
Overall seven insecticides contamination in summer 
vegetables may be linked to high frequency of usage 
in summer due to increased population of insect pests 
in this season followed by winter and rainy seasons. 
However, comparing the levels of residues obtained in 
two seasons, it was determined that residue levels are 
well below the maximum residue limits (MRLs). The 
probable reason for higher residues in winter may be 
due to low temperature and short day lengths. In rainy 
season, the less contamination can be attributed to the 
run-off of external surfaces of the vegetables because 
of rain water. Similar types of results for the OCs 
pesticide contamination in different seasons by Bhanti 
and Taneja (2005) have been reported. Minute level of 
pesticide contaminations in summer vegetables have 
also been reported by Kumari et al. (2001).

CONCLUSION
Finally, the above discussion suggests that consumers 
of Punjab province are only exposed to lower 
concentrations of insecticides that can cause long-
lasting disorders. Although the concentrations of 
various insecticides were well below the tolerance limits 
established, However, the continuous consumption of 
such plant parts with moderate level of contamination 
can accumulate in body of receptor and may be fatal 
for human population for long-term ingestion as the 
farmers observe neither waiting periods  recommended 
nor good agricultural practices (GAP). It is concluded 
as well that farmers have no awareness about the 
safe use of pesticides. The use of pesticides in an 
appropriate dosage and limiting the pesticide spray 
before the collection or during transport will reduce 
the level of residues. Awareness among consumers 
and adequate culinary processes also allow fruit and 
vegetables free of pesticides.
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