
 

 

 

INTRODUCTION 

 

Pesticides consist of various compounds for wide range 

applications such as herbicides, nematicides, insecticides, 

molluscicides, fungicides, rodenticides and plant growth 

regulators. Due to widespread uses and toxic nature of 

pesticides (Bashir et al., 2018), these are pollutants of a highly 

global concern (Damalas and Eleftherohorinos, 2011). It has 

the highest potential in spreading cancer risk in humans. 

Approximately 98.0% cases of cancer and 94.0% patients 

with other health issues are stated to contain enough 

concentration of organochlorine pesticides (OC) in their 

serum (Attaullah et al., 2016). Moreover, the risk 

extrapolation data of both animals and humans showed that in 

developing countries, 37,000 cases per year of cancer have 

direct or indirect relationship with pesticides applications 

(WHO, 1990). According to the reports of WHO (2014), from 

2003 to 2014 worldwide poisoning cases have been increased 

from 10.0 to 14.0 million people and majority of the cases 

belonged to the developing countries (McGuire, 2016). 

Pesticides are classified according to their hazardous levels 

by WHO (2009) (Table 1), unfortunately, the most of applied 

pesticides fall in the category of highly poisonous (34.2%) 

and moderate poisonous (35.0%) (Damalas and Khan, 2017). 

The high intoxications of these pesticides appear because of 

inappropriate application technology, knowledge, and 

attitudes towards their applications (Koizumi et al., 2017). 

Farmers’ poor knowledge about pesticides applications or 

absence of protective measures before or during application 

has increased their risk and exposure in environment (Khan et 

al., 2015). About 58.0% farmers have moderate levels of 

knowledge about the pesticide application, only 16.0% 

farmers are trained to use pesticide and merely 13.0% farmers 

have access to the related information (Damalas and Khan, 

2017). 

The worldwide utilization of pesticides is approximately 5.6 

billion pounds per year and their consumption is increasing 

unexpectedly (Alavanja, 2009), which is about 45.0%, 25.0% 

and 25.0% in Europe, USA and rest of the world, respectively 

(Bourguet and Guillemaud, 2016). China and USA are among 

the top pesticides producers in the world. From the South 

Asian countries, Pakistan ranks second in the overall 

consumption of pesticides and major use of these pesticides is 

in agriculture sector (Figure 1) (Yadav et al., 2015; Waheed 

et al., 2017). 

Unfortunately, a huge amount of pesticides was applied 

during 1980s to 1990s throughout agriculture area of Punjab, 

Pakistan. The sale and distribution of pesticides were 

transferred from public to private sector which increased 

consumption by five-time in one year with no significant 

effect on crop yield. Currently, more than 30 types of 

fungicides, 5 types of acaricides, 39 types of weedicides, 6 

different types of rodenticides, and 108 types of insecticides 

are being used in Pakistan (PPSGDP, 2002; Mehmood et al., 

2017). The previous data show that more than 69.0% 

pesticides were used for cotton crop only (Figure 2) and the 
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remaining 31.0% is used for other crops such as sugarcane, 

rice, tobacco, paddy, maize, fruits and vegetables (Hakeem et 

al., 2016; Randhawa et al., 2016).  

 

 
Figure 1. Pesticide consumption in Pakistan and other 

countries (Modified from Yadav et al., 2015) 

 

The use of pesticides was increased by 1169% in last 20 years 

with more than 10 sprays per crop season which become the 

alarming situation for human beings (Ejaz et al., 2004; 

Khwaja et al., 2013). Although, import of pesticides has been 

reduced significantly by 2016-17 (Table 2), their demands 

and uses remained high which affected the yield of the major 

crops to some extent. The high application of pesticides 

caused accumulation of toxic active ingredients in the food 

chain (Damalas and Khan, 2017). 

 

 
Figure 2. Use (%) and share (%) of different pesticides in 

Pakistan (modified from Hakeem et al., 2016) 

Table 1. Classification of pesticides according to their hazardous levels and concentrations (WHO, 2009) 
Routes of 

exposure 

Extremely 

hazardous 

Highly hazardous Moderately hazardous Slightly hazardous Unlikely to 

present acute 

hazard 

Obsolete as 

pesticide, not 

classified 

Ia Ib II III U O 

Oral LD50 < 5 mg/kg Up to and including 

50 mg/kg 

50-500 mg/kg 500-500 mg/kg > 5000 mg/kg NA 

Inhalation 

LD50 

< 0.2 mg/kg Up to and including 

0.2 mg/L 

0.2-2 mg/L 2-20 mg/L > 20 mg/L NA 

Dermal LD50 < 200 mg/kg Up to and including 

200 mg/kg 

200-2000 mg/kg 2000-20000 mg/kg > 20000 

mg/kg 

NA 

Eye effects Corrosive 

corneal opacity 

not reversible 

Corrosive corneal 

opacity not reversible 

within 7 days 

Corneal opacity reversible 

within 7 days; irritation 

persisting for 7 days 

No corneal opacity; 

irritation reversible 

within 7 days 

No irritation NA 

Skin effects Corrosive Corrosive Severe irritation  Moderate irritation  Mild or slight 

irritation  

NA 

Signal word Danger poison Danger poison Warning Caution Caution NA 

LD50: Lethal dose per body weight (150 lb.) to infect 50% population, NA: Use for non-agriculture purpose but their concentration 

influences normal mechanism. 
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Table 2. Cotton, area, production, yield and pesticides 

imported or consumed.  
Year Area 

(thousand 

hectares) 

Production 

(thousand 

bales) 

Yield 

(kg/ha) 

Total pesticides 

imported (tons) 

2000-01 2927 10732 570 21255 

2001-02 3116 10613 579 31783 

2002-03 2794 10211 622 22242 

2003-04 2989 10048 572 41406 

2004-05 3193 14265 760 41561 

2005-06 3096 12417 682 33954 

2006-07 3075 12856 711 29089 

2007-08 3054 11655 649 27814 

2008-09 2820 11819 713 28839 

2009-10 3106 12913 695 38227 

2010-11 2689 11460 725 36183 

2011-12 2835 13595 815 32152 

2012-13 2879 13031 769 17882 

2013-14 2806 12769 774 23546 

2014-15 2961 13960 802 23157 

2015-16 2902 9917 582 17386 

2016-17 2489 10671 730 12806 

Source: Economic Survey of Pakistan, 2009-2017 

 

The prevailing situations reveal that the developing countries 

such as Pakistan may have the higher pesticides poisoning 

cases than reported due to misdiagnosis and absence of 

information (Tariq, 2005) and there are significant 

occupational exposures of pesticides despite their strict 

regulations. Here, the main objective of this review is to 

summarize the all possible uses, recent trend in consumption 

of pesticides, contamination levels and exposure of pesticides 

in Pakistan and to plan the future research on the basis of 

current knowledge in this area. 

Pesticides use: Historically, among different pesticides, 

dichloro-diphenyl-trichloroethane (DDT) is the first organo-

pesticide which was prepared in the laboratory as insecticide 

in 1874. DDT is a colorless and crystalline solid which has 

tendency to dissolve only in organic solvents. It accumulates 

in fats as bio-accumulative toxin and thus enters and remain 

in the food chain (Brevik et al., 1996). Due to its hazardous 

effects, it was banned in the European countries (i.e. Norway 

and Sweden) in 1970 and in the United Sates in 1972. A treaty 

was also signed among 170 countries known as Stockholm 

Convention on persistent organic pollutants (POPs) to resist 

the use of DDT (Lallanilla, 2017). Hydrocyanic acid, carbon 

bisulfide, arsenicals were first reported chemicals used as 

weedicide and fungicide after 1886 (Aktar et al., 2009) and 

their restrictions to use in technologically advanced countries 

were also reported in 1960 (NRC, 2000). Some hazardous 

pesticides were also restricted in the developing countries due 

to their poisonous impact but at the same time these toxic 

pesticides are being used in these countries 

(Sankararamakrishnan et al., 2005). In Pakistan, pesticides 

were standardized by the Federal Government through 

Department of Plant Protection (DPP) before 1971. However, 

the agricultural pesticide rules and agricultural pesticides 

ordinance (APO) were promulgated in 1971 and 1973 to 

regulate registration and standardization of pesticides as well 

as formulation, production, imports, sale, distribution, and 

their uses in the country (Mazari, 2005). 

Although, in Pakistan, the pesticide usage is not very high 

(Figure 1) as compared to total cultivated area, insecticides 

are extensively used in the cotton areas (Iqbal et al., 2001). 

Several reports show that pests attack have been reducing 

annul cotton yield by 30-40% but less reduction rate has 

observed in the genetically modified BT (Bacillus 

thuringiensis) cotton (Tariq, 2005; Malik and Ahsan, 2016). 

To avoid further loss in upcoming years, Government of 

Pakistan in collaboration with pesticides industries introduced 

an act of high use of pesticide in monoculture crop which 

eventually increased the cotton yield during year 2000-2001 

(Mazari, 2005; Tariq, 2005; Economic Survey of Pakistan, 

2005-6). According to the economic survey of Pakistan, 

significant relationships exist between the total cotton 

cultivated area vs its yield (R2 = 0.58) and total area under 

pesticide consumption (R2 = 0.52). However, a weak 

relationship exists between the total pesticide usage and total 

yield (R2 = 0.22). This weak relationship shows that the 

current usage of pesticide by the farmers was continued even 

after the resolution of the low yield issue. Farmers used higher 

doses of pesticide (8 to 13 sprays per season) than the 

recommendation (Tariq et al., 2004a). The use of different 

pesticides (i.e. cypermethrin, methamidophos, 

monocrotophos, and dimethorate) was increased many folds 

(19-725 fold) to control ballworm (Helicoverpa armigera) 

and whitefly (Bemisia tabaci) (Tariq et al., 2007). 

In addition, higher usage of pesticides or insecticides resulted 

in development of resistance in insect-pests against pesticides 

making the situation worst and challenging regarding human 

health and environmental protection. Results of several 

studies clearly revealed development of resistance in two 

major cotton pests, American bollworm and whitefly against 

the common pesticides at Central Cotton Research Institute 

(CCRI), Multan (Ahmad et al., 2002a, 2003, 2007). These 

heavy usages of pesticides were an indication of treadmill of 

pesticides according to the Ministry of Food and Agriculture, 

Pakistan. In 1983-1997, 5.0 to 10.0% cotton area of Punjab 

was applied with these pesticides (Tariq, 2005), but this 

consumption has been raised up to 80.0 to 90.0% in 2008 

(Khooharo et al., 2008). 

Pesticides contamination 

Surface water and ground water contamination: Green 

revolution had brought the fundamental application of 

pesticides to control the insect pests of plants (Palikhe, 2003). 

The harmful impacts of higher pesticides use have converted 

the advantages of chemistry to disadvantages due to its 

interference and inclusion in the food chain particularly in 

sources of drinking water (Tariq et al., 2003). Water, the 

fundamental requirement of living beings, is being severely 
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polluted due to several anthropogenic activities and natural 

processes (Hussain and Asi, 2008). The pesticides 

concentration in the water reaches up to dozens of mg/L and 

interlinked with the heavy watering and fertilization in the 

field. The vigorous plant growth attracting the competitors 

increase the pesticide requirements (Gurr, 2016). 

Pesticides contents in different types of water were found to 

be in following increasing order: cropland water > field ditch 

water > runoff > pond water > groundwater > river water > 

deep groundwater > sea water (Zhang et al., 2011). Pesticides 

contamination in surface water and ground water is controlled 

by point (municipal and industrial wastes) and nonpoint 

(erosion, seepage and runoff) sources (Tankiewicz et al., 

2010). The level or degree of contamination can be 

determined with three factors; (1) presence and levels of the 

pesticide, (2) mobility of pesticides in soil, and (3) the 

carrying agents of pesticides especially water in the field 

(Mensah et al., 2014; Anderson et al., 2018). 

Natural agents or nonpoint sources that support the pesticide 

contamination also harm the aquatic life by polluting the 

surface water including rivers, lakes, and sea. Toxicity, 

exposure time, amount, and their persistence in the surface 

waters have disturbed the aquatic food chains (Helfrich et al., 

2009). The accumulation of contamination in water and fish’s 

tissues causes the adverse effects on the human health due to 

consumption of aquatic products, particularly by people 

inhabiting and traveling to watershed lands (Lee et al., 2014). 

In Pakistan, some studies reported on pesticides 

contamination and/or presence of different pesticides 

(Table 3) in surface water (Parveen and Masud, 1988b; Ahad 

et al., 2006), shallow water (Ali and Jabbar, 1992; Tariq et al., 

2004a; Muhammad et al., 2015; Ali et al., 2016) and in fresh 

water sources (Mahmood et al., 2014b; Mahboob et al., 2014; 

Ali et al., 2016). Cotton areas of Sindh plains and 

southeastern Punjab were found to be the most affected ones 

(Ali and Jabbar, 1992; Tariq et al., 2004a; Memon et al., 

2016). 

Rawal Lake, which was became press news due to its fish 

killing disasters, is situated in the capital city of Pakistan 

(Islamabad) and its water is supplied and used in Rawalpindi 

city after some treatments. The water samples from this lake 

were analyzed by different research groups and found the 

presence of up to 4-time higher levels of residues of 

pyrethroids pesticides than the Environment- European 

Commission (EEC) standards for drinking water. The 

pesticide in the lake was intentionally thrown by some 

miscreant for catching the fish (Ahad et al., 2006). 

Table 4 shows the summary of water pollution data which is 

sorted out to show historical change in water resources. These 

findings show the pollutant capabilities and the presence of 

contaminations due to many factors including soil 

characteristics, shallow water tables, and intensive sprayings 

(Jabbar et al., 1993; Tariq et al., 2004a, b, 2006) and their 

infiltration through heavy and intensive water irrigation 

(Flury et al., 1994). Careless disposal of pesticides containers, 

point and nonpoint sources are the direct factors through 

which the aquatic environment is being contaminated (Ahad 

et al., 2000, 2001; Tariq et al., 2004a, 2006). 

Soil contamination: Soils provides a long-term storage 

compartment to pesticides with organic carbon due to its 

buffer and filter capacity, and degradation potential (Burauel 

and Bassmann, 2005). Pesticides in the soil expose through 

direct application in the field or through indirect means such 

as accidental leakage or spillage and run-off through plant 

surface, undergo the fates such as chemical, photochemical 

and microbial degradation, volatilization, adsorption, 

movement and uptakes by organisms (Bailey and White, 

1970; Rashid et al., 2010) (Figure 3).   

 

 
Figure 3. Fate of applied pesticides in soil, air and water 

 

Soil is known to have potential pathway of pesticides 

transport to pollute the food, air, plants and particularly water 

which ultimately affects the living organisms including 

human. These contaminations supported by soil properties 

including runoff, interflow, leaching, soil erosion, subsurface 

drainage and transportation of the pesticides with mineral 

nutrients move into plant and animal’s body to become 

constituents of food chain (Abrahams, 2002; Nakata et al., 

2002) (Figure 3). 

Pesticides in the soil have persistent behavior and degraded 

slowly by soil biota and thus become source of pollution 

(Stephenson and Solomon, 1993). The contamination sources 

are mainly linked with human activities such as insecticides 

use and other chlorinated chemicals applications, 

deforestation, industrial and domestic discharge that 

increased the soil erosion (Bhattacharya et al., 2003). 
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Table 3. Pesticides information, detected from different samples of surface and ground water and soil (modified from 

Tariq et al., 2007) 

Sr.# Common name IUPAC name Structural formula Case No. 

1 DDT 

(C14H9Cl5) 

1,1,1-Trichloro-2,2-bis(4-chlorophenyl) ethane 

 

50-29-3 

2 HCH, 

(C6H6Cl6) 

Benzene hexachloride 

 

608-73-1 

3 Endosulfan 

(C9H6Cl6O3S) 

6,7,8,9,10,10-Hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-

methano-2,4, 3-benzodioxathiepin 3-oxide 

 

115-29-7 

4 Heptachlor 

(C10H5Cl7) 

1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-

methanoindene 

 

76-44-8 

5 Cypermethrin 

(C22H19Cl2NO3) 

(RS)-α-cyano-3-phenoxybenzyl (1RS,3RS;1RS,3SR)-3-

(2,2-dichlorovinyl)-2,2-

dimethylcyclopropanecarboxylate  

52315-07-

8 

6 Fenvalerate 

(C25H22ClNO3) 

(αRS)-α-cyano-3-phenoxybenzyl (2RS)-2-(4-

chlorophenyl)-3-methylbutyrate 

 

51630-58-

1 

7 Dieldrin 

(C12H8Cl6O) 

1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-

octahydro-endo-1, 4-exo-5,8-dimethanonaphthalene 

 

60-57-1 

8 Endrin 

(C12H8Cl6O) 

1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-

octahydro-exo-1, 4-exo-5,8-dimethanonaphthalene 

 

72-20-8 

9 Aldrin 

(C12H8Cl6) 

(1R,4S,4aS,5S,8R,8aR)-1,2,3,4,10,10-hexachloro-

1,4,4a,5,8,8a-hexahydro-1, 4:5,8-dimethanonaphthalene 

 

309-00-2 

10 Dimethoate 

(C5H12NO3PS2) 

O, O-dimethyl S-methylcarbamoylmethyl 

phosphorodithioate 

 

60-51-5 

11 Diazinon 

C12H21N2O3PS) 

O, O-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl 

phosphorothioate 

 

333-41-5 
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Sr.# Common name IUPAC name Structural formula Case No. 

12 Imidacloprid 

(C9H10ClN5O2) 

(E)-1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-

ylideneamine 

 

138261-

41-3 

13 Carbofuran 

(C12H15NO3) 

2,3-dihydro-2,2-dimethylbenzofuran-7-yl 

methylcarbamate 

 

1563-66-2 

14 Parathion-methyle 

(C8H10NO5PS) 

O, O-dimethyl O-4-nitrophenyl phosphorothioate 

 

298-00-0 

15 Chlorpyrifos 

(C9H11Cl3NO3PS) 

O, O-diethyl O-3,5,6-trichloro-2-pyridyl 

phosphorothioate 

 

5598-13-0 

 

Table 4. Pesticides detected in surface waters and ground waters of different areas of Pakistan with their hazardous 

classes 

Location Year Detected Concentration 

(µg/L) 

CASRN Detection 

Technique 

LD50 Classes Reference 

mg/kg 

Coastal areas, 1990 DDT 2.7-9.2 50-29-3 GC (ECD) 113 II Bano and 

Siddique 

(1991) 

α-BHC 0.06-0.2 58-89-9 88 II 

Heptachlor 1.1-3.5 76-44-8 NA O 

Dieldrin 2.7-9.2 60-57-1 NA O 

Cropland (Faisalabad, Kala 

Shah Kaku, Samundri) 

1990 Aldrin 0.001-0.002 309-00-2 GC (ECD) NA O Ali and 

Jabbar 

(1992), 

Jabbar et al. 

(1993)  

Cyhalothrin 0.003-0.01 68085-85-8 144 II 

Cypermethrin 0.4 52315-07-8 250 II 

Dieldrin Traces-0.0002 60-57-1 NA O 

Dimethoate Traces-0.002 60-51-5 150 II 

DDT 0.0002-0.0006 50-29-3 113 II 

Endrin Traces 72-20-8 NA O 

Fenvalerate 0.3-0.6 51630-58-1 NA II 

Monocrotophos Traces 6923-22-4 87 Ib 

Deg Nullah, Lahore 1991 o,p′DDT 0.2-1.1 50-29-3 GC (ECD) 113 II Tehseen et 

al. (1994) p,p′-DDT 0.006-2.4 NA NA NA 

o,p′-DDD 0.2-2.0 NA NA NA 

p,p′-DDD 0.6-2.3 NA NA NA 

o,p′-DDE 0.002-0.3 NA NA NA 

p,p′-DDE 0.0008-0.8 NA NA NA 

HCB 0.0001-0.09 118-74-1 NA NA 

BHC Traces 58-89-9 88 II 

Swabi, Chota Lahore, 

Takhbai, Mardan (Mardan 

division) 

2000 Chlorpyrifos 0.0-0.03 5598-13-0 GC (ECD) >300 II Ahad et al. 

(2000) Dichlorvos 0.03-0.5 62-73-7 56 Ib 

Dimethoate 0.0-0.2 60-51-5 150 II 

Cotton growing area of 

Multan (Punjab) 

2001 Carbofuran 0.0-0.3 1563-66-2 GC (ECD) 8 Ib Ahad et al. 

(2001) Diazinon 0.0-0.03 333-41-5 300 II 

Dichlorvos 0.0-0.2 62-73-7 56 Ib 

Esfenvalerate 0.01-0.2 66230-04-4 87 II 

Lindane 0.0-0.1 58-89-9 88 II 

Haleji Lake, Thatta (Sindh) 1999 HCB 0.4-1.7 118-74-1 GC (ECD) NA NA Sanpera et 

al. (2002) HCH Traces 608-73-1 100 II 

DDT 0.0-6.5 50-29-3 113 II 

PCB Traces - NA NA 
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Location Year Detected Concentration 

(µg/L) 

CASRN Detection 

Technique 

LD50 Classes Reference 

mg/kg 

Bahawalnagar, D.G. Khan, 

Muzafargarh, Rajanpur 

2004 Bifenthrin 4.3 82657-04-3 GC (ECD) 55 II Tariq et al. 

(2004a) λ- Cyhalothrin 2.9 68085-85-8 144 II 

Carbofuran 23.1 1563-66-2 8 Ib 

Endosulfan 2.8 115-29-7 80 II 

Monocrotophos 8.3 6923-22-4 14 Ib 

Rawal Lake, Islamabad 

(Capital of Pakistan) 

2006 Azinophos-methyle 0.06-13.3 - GC (ECD) NA NA Ahad et al. 

(2006) Fenitrothion 0.08-8.3 122-14-5 503 II 

Parathion-methyle 0.02-2.7 298-00-0 13 Ia 

α-Cypermethrin 0.2-18.8 68085-85-8 144 II 

Samples collected from 

various water sources in 

different districts of Punjab 

2008 o,p′-DDD 0-0.8 NA HPLC NA NA Asi et al. 

(2008) o,p′-DDE 0-0.7 NA NA NA 

o,p′-DDT 0-0.9 50-29-3 113 II 

p,p′-DDE 0-0.2 NA NA NA 

p,p′-DDT 0-1.1 NA NA NA 

Water samples from nearby 

area of demolished DDT 

factory, Amangarh, 

Nowshera (KP) 

2009 p,p′-DDT 70-400 NA GC-14A NA NA Jan et al. 

(2009) 

Samples collected at different 

spots from Rawal Lake and 

Simly Lake, Islamabad 

2009 2,4-DDT 0.9-2.9 50-29-3 GC (ECD) 113 II Iram et al. 

(2009) 4,4-DDD 0.8-2.4 NA NA NA 

Alpha-HCH 0.8 608-73-1 100 II 

Azinphos-methyl 1.5-1.8 NA NA NA 

Diazinon 1.8-3.6 333-41-5 300 II 

Endosulfan 0.7-0.7 115-29-7 80 II 

Fenitrothion 2.1-2.3 122-14-5 503 II 

Southern Punjab 2012 Imidacloprid 0.6 138261-41-3 HPLC 450 II Baig et al. 

(2012) 

GC (ECD): Gas Chromatography-Electron Capture Detector, HPLC: High-Performance Liquid Chromatography, GC-14A: Gas 

Chromatography series 2014, LD50: Lethal dose per body weight (150 lb.) to infect 50% population, CASRN: Chemical Abstracts Service 

Registry Number, NA: Not available 
 

Several research studies have been conducted in Pakistan for 

detecting the pesticide in soils (Bano and Siddique, 1991; 

Jabbar et al., 1993; Tehseen et al., 1994; Sanpera et al., 2002; 

Tariq et al., 2006; Syed et al., 2013; Syed et al., 2014; Bajwa 

et al., 2016; Aamir et al., 2017). These studies have quite 

similar results as the findings of studies conducted by the 

researchers from the developed world (Masiá et al., 2015; 

Chakraborty et al., 2015; Sánchez-Osorio et al., 2017). 

Table 5 summarizes data regarding the different types of 

chlorinated pesticides (organochlorine) detected from the soil 

or sediments of different areas of Pakistan. 

In various studies of water and soil contamination, the 

buffering and degradation potential of different soil series 

were also calculated on the basis of half-lives of pesticides 

and soil organic carbon sorption coefficient (Koc) (Tariq et al., 

2004b; Marín-Benito et al., 2017). The Koc values of these 

studies are inconsistent with those of Wauchope et al. (1992) 

and Tomlin (1997). These variability and inconsistencies in 

the results could be due to several possible reasons such as 

changing and variable nature of soil organic matter (SOM) 

(Ahmad et al., 2001b; Spark and Swift, 2002), clay contents 

(Li et al., 2003; Sanchez-Martin et al., 2006), soil pH (Sheng 

et al., 2005). Solid-state CP/MAS 13C NMR (Cross-

Polarization Magic Angle Spinning Carbon-13 Nuclear 

Magnetic Resonance) was used to analyze the different soil 

samples (Ahmad et al., 2001a) to observe the relationship of 

Koc values of different pesticides with SOM, supposing its 

structural composition. 

The results showed a linear positive relationship between 

aromatic SOM and Koc values and further revealed that 

aromatic SOM has potential to bind the non-ionic pesticides 

(Spark and Swift, 2002). The binding ability of pesticides in 

soil also varies due to the clay contents in soil and soil pH 

(Sanchez-Martin et al., 2006; Sheng et al., 2005). 

Furthermore, persistence and hydrophobicity, the two basic 

properties of pesticides, have also been studied and found to 

control the accumulation of pesticides in various soil series of 

Pakistan depending on the charge density of organic cations 

and clay minerals (Tariq et al., 2004b, 2006; Sanchez-Martin 

et al., 2006). Results showed that if the solubility of pesticides 

is less than 1mg/L in water, octanol–water partition 

coefficient (Kow) is more than 1000 and half-life in soil is 

longer than 30 days then they have more accumulation 

potential in the aquatic biota and sediments (Tariq et al., 

2004b, 2006; Tariq, 2005). 



Khan, Shoukat, Cheema, Arif, Niazi, Azam, Bashir, Ashraf & Qadri 

 138 

Table 5. Pesticides detected in Pakistani soils/sediments with hazardous classes 
Location Year Detected Concentration 

(µg/L) 
CASRN Detection 

Technique 
LD50 Classes Reference 

Coastal areas, 1990 DDT 2.7-9.2 50-29-3 GC (ECD) 113 II Bano and 
Siddique 
(1991) 

DDE 0.06-0.2 NA NA II 
α-BHC 1.1-3.5 58-89-9 88 II 
Heptachlor 2.7-9.2 76-44-8 NA O 
Dieldrin 0.5-12.5 60-57-1 NA O 

Cropland soils (village 452, 
547, 550, 499, 498 GB, 
Faisalabad (Punjab) 

1990 Aldrin 0.002-0.01 309-00-2 GC (ECD) NA O Ali and 
Jabbar 
(1992), 
Jabbar et al. 
(1993) 

Cyhalothrin Traces-0.6 68085-85-8 144 II 
Cypermethrin Traces 52315-07-8 250 II 
Dielelrin 0.003-0.01 60-57-1 NA 150 O 
Dimethoate 0.4 60-51-5 113 II 
p,pV-DDT Traces-0.0002 50-29-3 NA NA 
o,p′-DDD Traces-0.002 NA NA NA 
p,p′-DDE Traces-0.002 NA NA II 
Endrin 0.0006-0.01 72-20-8 87 O 
Fenvalerate Traces 51630-58-1 14 II 
Monocrotophos 0.3-0.6 6923-22-4 NA Ib 
Prorenofos Traces NA NA NA 

Deg Nullah, Lahore (Punjab) 1991 o,p′-DDT 0.2-1.1 50-29-3 GC (ECD) 113 II Tehseen et 
al. (1994) p,p′-DDT 0.006-2.4 NA NA NA 

o,p′-DDD 0.2-1.9 NA NA NA 
p,p′-DDD 0.6-2.3 NA NA NA 
o,p′-DDE 0.002-0.3 NA NA NA 
p,p′-DDE 0.001-0.8 NA NA NA 
HCB 0.0001-0.09 NA NA NA 
BHC Traces 58-89-9 88 II 

Haleji Lake, Thatta 1999 HCB 0.4-1.7 NA GC (ECD) NA NA Sanpera et 
al. (2002) HCH Traces 608-73-1 100 II 

DDT 6.5 50-29-3 113 II 
PCB Traces NA NA NA 

Swat (KPK) 2009 Endosulfan 3.5-29.6 115-29-7 GC (ECD) 80 II Nafees et 
al. (2009) Cypermt 4.6-47.6 NA NA NA 

Samples collected from 
nearby areas of obsolete 
pesticides stores in KPK, 
Sindh and Punjab 

2009 2,4-DDD 84 NA GC (ECD) NA NA Ahad et al. 
(2009) 2,4-DDT 299 50-29-3 NA II 

4,4-DDE 62 NA 113 NA 
4,4-DDT 333 NA NA NA 
Dieldrin 3 60-57-1 NA O 
Endrin 5 72-20-8 NA O 
Heptachlor 43 76-44-8 NA O 

River Chenab (Punjab) 2011 HCHs 0-9.2 50-29-3 GC (ECD) 100 II Malik et al. 
(2011) DDT 0.2 608-73-1 113 II 

Heptachlor 0-41.6 76-44-8 NA O 
River Chenab (Punjab) 2011 HCHs 2.1-18.2 50-29-3 GC (ECD) 100 II Eqani et al. 

(2011) DDT 7.6-59.9 608-73-1 113 II 
Nawabshah (Sindh) 2011 Dichlorvos 0.04 62-73-7 GC (ECD) 56 Ib Anwar et al. 

(2011) Mevinphos 0.4 26718-65-0 4 Ia 
Dimethoate 0.6 60-51-5 150 II 
Fenitrothion 0.1 122-14-5 503 II 
Chlorpyrifos 0.5 5598-13-0 >300 II 
Endosulfan 0.5 115-29-7 80 II 

Industrial and cotton growing 
areas (Punjab) 

2013 ΣDDTs  40 50-29-3 GC (ECD) 113 II Syed et al. 
(2013) ΣHCHs 7.8 608-73-1 100 II 

α-Endosulfan 0.3 115-29-7 80 II 
Chlordanes 3.8 57-74-9 460 II 

Indus River catchment area 2016 p,p'-DDE 0.7 NA GC (MC) NA NA Bajwa et al. 
(2016) o,p'-DDE 0.5 NA NA NA 

o,p'-DDT 0.4 50-29-3 113 II 
b-HCH 0.3 608-73-1 100 II 

Sediments collected from 
Kabul River (KPK & Punjab) 

2017 ΣHCHs 5.9 50-29-3 GC (ECD) 100 II Aamir et al. 
(2017) ΣDDTs  3.9 608-73-1 113 II 

GC (ECD): Gas Chromatography-Electron Capture Detector, GC (MC): Gas Chromatography-Mass Spectrometry, LD50: Lethal Dose per 
body weight (150 lb.) to infect 50% population, CASRN: Chemical Abstracts Service Registry Number, NA: Not available 
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Table 6. Pesticides detected in Pakistani air with hazardous classes 
Location Year Detected Concentration 

(pg/m3) 

CASRN No Sample 

Collector 

LD50 Classes Reference 

mg/kg 

Faisalabad, Lahore, Sheikhupura, 

Cheechawatni, Mianchanu, 

Shahdra (Punjab) 

2013 ΣPCBs 34 - 390 NA PUF-PAS NA NA Syed et al. 

(2013) 

Nullah Aik and Palkhu tributaries 

of River Chenab (Punjab) 

2014 ΣPCBs 41 - 299 NA PUF-PAS NA NA Mahmood et 

al. (2014a) 

Chashma, Taunsa, Sukkar 

Barrage, Rahimyar Khan (Sindh 

and Punjab) 

2014 ΣDDT 108 - 744 50-29-3 PUF-PAS 113 II Sultana et al. 

(2014) Σchlordanes 2.0 - 43 57-74-9 460 II 

ΣEndosulfan 0.4 - 10 115-29-7 80 II 

 HCB 2.0 - 22 118-74-1 NA NA 

Heptachlor 1.0 - 20 76-44-8 NA O 

Four sites of Hyderabad city 

(Sindh) 

2014 ΣDDT 1850 - 90700 50-29-3 PUF-PAS 113 II Alamdar et 

al. (2014) ΣHCH 1500 - 97400 608-73-1 100 II 

ΣChlordane 91 - 188 57-74-9 460 II 

Heptachlor 54 - 620 76-44-8 NA O 

Taunsa, Kot Mithan, Guddu and 

Sukkur (Sindh and Punjab) 

2016 HCH 34 - 119 608-73-1 PUF-PAS 100 O Bajwa et al. 

(2016) ΣEndosulfan 87 115-29-7 80 II 

p’-p’DDE 65 - 515 NA NA NA 

Heptachlor 20 76-44-8 113 O 

p’-p’ DDT 14 - 205 NA NA NA 

PUF-PAS: Passive Air Samplers (PAS) using Polyurethane Foam (PUF), LD50: Lethal dose per body weight (150 lb.) to infect 50% 

population, CASRN: Chemical Abstracts Service Registry Number, NA: Not available 

 

On the basis of findings of above studies, an equation (1) 

could be formulated consisting of Kow and Koc values of 

different soil series from the developing countries such as 

Pakistan to observe the leaching potential of pesticides, in 

particular where experimental values are not accomplishable 

due to unavailability of analytical instruments and lack of 

funds (Tariq et al., 2004b). 

log Koc = 0.586 + 0.713 log Kow………….(1) 

After accumulation, persistence of pollutants is another 

important factor in toxicological point of view. Persistence of 

pesticides in soil is mainly controlled by the soil conditions, 

humidity, temperature and microbial activities in the soil 

(Tariq et al., 2006). Microbes play major role for 

bioremediation of pesticides and their intermediate products 

from soil (Bollag and Liu, 1990; Vidali, 2001). In cotton agro-

system, soil fertility, structure, pH, moisture, microbial 

density, temperate, redox potential and nature of pollutants 

control the soil microbial activity which plays an important 

role in pesticides degradation and providing important 

inorganic materials and organic metabolites to the plants 

(Asha and Sandeep, 2013). Furthermore, the indigenous or 

externally added microbes may further mineralize pesticides 

through their diverse enzymatic activities (Rodrigo et al., 

2014). Organic matter in the soil not only support the 

microbial community with nutrients but also provide the 

sorbed and porous sites as a niche to multiply their 

community and improve degradation rate (Xiong et al., 2017). 

Air contamination: According to the U.S. Environmental 

Protection Agency (USEPA, 2018), indoor and outdoor air 

quality directly affects the living organisms which can be 

measured by presence of pollutants, their concentrations and 

persistence in air. These pollutants may be settled down to 

Oceans and grounds, degraded by the presence of air humidity 

and radiations or dispersed into air. Pesticides pollution in the 

air vary due to their volatilization behavior and persistence. 

Most of the pesticides release into the air from tropical and 

subtropical regions (Wania and Mackay, 1995), and distribute 

on global scale due to their long-range transportation in 

atmosphere (Alegria et al., 2008; Park et al., 2011). 

Approximately 2.0% of the sprayed pesticide is volatilized to 

the atmosphere during application. This application loss 

which can be defined as the concentration of applied doses in 

non-target area is due to the spray drift in the field. The 

nozzles pore size can control droplets distribution within the 

target area to limit evaporation losses (Van-den-Berg et al., 

1999). Evaporation of pesticides is less affected by its physio-

chemical properties and more dependent on the formulation 

and application method, carrier (diluent) and the other 

environmental conditions including wind speed, temperature, 

relative humidity and radiation (FOCUS, 2008). 

Pesticides in the atmosphere have major two types of fates i.e. 

degradation and deposition. The volatilized pesticides go 

through the photochemical reactions and free radical 

reactions. The sun produces radiations having wavelength of 

290-400nm which supports pesticides to go for 

photochemical reactions. These radiations contain enough 

energy to breakdown the chemical bond of pesticides or excite 

the other molecules to react with these pesticides. In the free 

radical reactions, sun light produces unpaired and unstable 

electron through excitation of H2, O3, O2, or N2O. Unstable 

products react quickly with molecules in the air to form stable 

and less toxic compounds (Linde, 1994). The changing 
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environmental conditions support the deposition of pesticides 

all over global environment far away from their target areas. 

Through atmospheric transportation, tons of compounds have 

been observed in the ecosystems of cold polar region 

(McConnell et al., 1998). 

Several studies have been conducted to find the level of 

pesticides in the marine ecosystem which revealed that the 

marine water is the major recipients of these contamination 

(Goldberg et al., 1975; Strand and Hov, 1996). The high level 

of pesticides in oceans is due to wet and dry depositions, 

gaseous exchange between air and water and riverine inputs. 

The marine water becomes the source and sink of pesticides 

due to air exchanges. The transported pesticides sink in the 

deep oceans by absorbing on particles (Dachs et al., 2002; 

Lohmann et al., 2006) or oceans becomes the secondary 

source of contamination in the atmosphere because of gaseous 

exchange of seas to atmosphere (Zhong et al., 2014). 

A recent study reported the presence of organo-thiophosphate 

insecticides especially chlorpyrifos in air of Arctic region, 

which is due to long-range transportation of these chemicals 

from point and non-point sources (Anjum et al., 2017). Bajwa 

et al. (2016) observed the presence of organochlorine 

pesticides (OCPs) in air. The authors selected the four 

important ecological regions of River Indus such as Taunsa, 

Kot Mithan, Guddu and Sukkur for sampling (Table 6). It was 

found that the ∑DDTs concentration (147.4 pgm-3) was 

higher in the air than the concentration found from the most 

developed countries like UK and Spain ranged from 6 to 83 

pgm-3 however, this concentration had consistent nature with 

values observed by Sultana et al. (2014). The DDTs values 

were surveyed by ∑HCHs which ranged from 176 to 325 

pgm-3. The overall trend they observed was in following order 

∑DDTs > ∑HCHs > ∑endosulfan > ∑HCB > ∑Chlordane > 

∑Heptachlor. Sultana et al. (2014) conducted the same 

experiment at six selected locations near center of Indus Basin 

but observed different trend of OCPs as ΣDDTs> ΣHCHs> 

ΣChlordanes> ΣEndosulfans> HCB> Heptachlor. The total 

DDTs that they found from the ambient air samples were 

attributed 80.0% out of total OCPs and ranged from 108 to 

744 pgm-3. The total OCPs were ranged from 123 to 856 pgm-

3. The temperature differences between upstream and lower 

stream also affected the trend of OCPs from Head Panjnad > 

Sukkar > Dera Ismail Khan > Taunsa > Chashma > Rahimyar 

Khan (Table 5). In other studies, conducted by Alamdar et al. 

(2014) and Mahmood et al. (2014a) the concentration of 

DDTs and HCHs out of total OCPs were detected from four 

sites of Hyderabad city and Nullah Aik and Palkhu streams of 

Sialkot and Gujranwala districts, respectively. It was 

observed that DDTs and HCHs concentrations were about 

70.0% and 80.0% in samples in Hyderabad cities and 66.0% 

and 16.0% in samples in Nullah Aik and Palkhu streams. All 

previous observations show the extensive use of illegal 

pesticides in both up and down stream areas. These illegal 

pesticides contain persistent toxic substances which have the 

potential to cause cancer in near residential areas and harmful 

for natural biota and habitats. 

Pesticides enter into body after long- and short-term exposure 

from air during or after application. Delayed effect of 

pesticides occurs through inhalation of residual concentration 

or through the dose present on the surface of body or clothes, 

pesticides containers and spraying equipment. Increased 

exposure of pesticides through poor protective equipment and 

their usages, more frequency and diameter of spill through 

nozzles, and deposition on body and cloth cause the severe 

respiratory problems (Damalas and Eleftherohorinos, 2011; 

Cattani et al., 2001). 

Food contamination: Advancement in technology, for 

determining trace amounts of pesticides in the food, increases 

anxiety among the people about how much concentration of a 

pesticides they are consuming (Tucker, 2008). Strict 

government regulations, with reliable and precise analysis, 

have been implemented in the developed world about the 

toxic pesticides residues in food (Fong et al., 1999). A group 

of researchers from western Canada introduced a new 

production system named as pesticide free production (PFP) 

to produce crops on sustainable basis. In this system, the crops 

are produced following the organic and integrated pest 

management (IPM) approaches, without application of 

chemicals for pest control (Magnusson and Cranfield, 2005). 

From sowing to harvesting, crop plants or soil may not be 

treated with any type of pesticides, with the exception of 

recommended fertilizers, because the active ingredients of 

pesticides may accumulate as residues in the soil and enter in 

the food chain and cause severe health issues (Magnusson and 

Cranfield, 2005). 

According to FAO, approximately 80.0% of food produced in 

the developing countries comes from the previous cultivated 

lands which increases the chances of the pesticides exposure 

in the agriculture land particularly for higher crop production 

(WHO, 2017). Residual contents of pesticides in plant body 

mainly comes from soil and water routes. Plants take up 

nutrients from the soil and transport them only through water 

within the plant body. Several researchers have found the soil 

residual pesticides in the plant body. The residues that enter 

in the plant body expectedly present in three forms as (i) 

freely extractable form, (ii) bounded extractable form, and 

(iii) unextractable bounded form while the later ultimately 

becomes the part of plant’s constituents and transfers to the 

end consumers of the plant constituents (Bhat and Gómez-

López, 2014). 

The presence of pesticide residues in milk, feed, cottonseed, 

different vegetables, fruits, and fresh meal has been reported 

throughout the Pakistan (Cheema and Shah, 1987; Masud and 

Farhat, 1985; Masud and Hasan, 1992; Parveen and Masud, 

1988a, b; Munshi et al., 2004; Saqib et al., 2005; Hassan et 

al., 2014; Yaqub et al., 2017). Table 7 shows the presence of 

OCPs in majority of the samples with higher concentrations 

than the residual safe limits for the end consumers. 
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Table 7. Pesticide poisoning in Pakistani people (modified from Tariq et al. 2007) 
Affectees Affected (%) Exposure Pesticides Effects Reference 
Hospital patients, Karachi 
(Sindh) 

100 Accidental, 
suicidal 

Organophosphates 15 deaths out of total 53 registered cases Jamil et al. 
(1977) 

Farm-workers  60 -70 Occupational Methyl-parathion Limbs, feeling dizziness, chest pressure, 
change in defecation and eye tearing 

Shihab (1976), 
Baker et al. 
(1978) 

Spray-men and persons 
associated with job during 
malaria control program 

40 Occupational Parathion 5 died and 2800 affected. Severe depressions 
of red blood and cell cholinesterase activity 
appeared 

Shihab (1976), 
Baker et al. 
(1978) 

Villagers (adults and 
children) Talagang, Chakwal 
(Punjab) 

80 Accidental Endrin Among 194 affected persons, 70 % was 
children and 10 % affected persons was died 

Jabbar (1992) 

Cotton picker   Non-
occupational 

General Nausea, abdominal pain, headache, cough, 
throat irritation, eye irritation, diarrhea, 
unusual tiredness, wheezing and dizziness 

Baloch (1985), 
Khwaja (2001) 

25 hospital patients (9 
females and 16 males) 
(Baluchistan) 

100 Non-
occupational 

DDT 
DDE 
HCH 

Blood and fat concentration of pesticides in 
the patients were significantly higher 
amongst 21 blood samples and 20 fat tissues 
of the patients 

Krawinkel et al. 
(1989) 

Male and female cotton 
pickers, Multan (Punjab) 

100 Non-
occupational 

General Amongst 88 females, 1 had a sufficiently low 
AchE level, 74% had moderate pesticide 
poisoning while 1/4 of the sample had 
dangerous level AchE levels (50-87.5%). 
Whereas, the comparative figures for 33 
males were 12, 51, and 36% respectively 

Masud and Baig 
(1992) 

Hospital patients, Karachi 
(Sindh) 

100 Non-
occupational 

General Low AChE level Naqvi and Jahan 
(1999), Azmi et 
al. (2005) 

Fruit and vegetable farm-
station workers, Gadap, 
Karachi (Sindh) 

100 Occupational Cypermethrin, 
Deltamethrin 
Polytrin-C 
Diazinon 
Monocrotophos 
DDT 
DDE 

Significant increase in enzyme level of GOT, 
GPT and ALP. Suffering hepatitis, dyspnea 
and burning sensation in urine 

Azmi et al. 
(2006) 

Population of Khawara 
valley in Nowshehra (KPK) 

Not specified   Spilled of obsolete 
pesticides in 1995 

Intestinal, eye and lung diseases; especially 
amongst the children 

Environmental 
News Service 
(1998) 

Female cotton pickers, 
Multan (Punjab) 

18 (22% for 
married whereas 
9% for 
unmarried) 

Occupational General Amongst 38 females, 42.86% had AChE 
level at alarming situation while 52.63% 
participants were in dangerous condition. 
Whereas the effect on reproductive hormones 
(LH and FSH) was recorded major in 
married women as compared to unmarried 

Ahmad et al. 
(2004) 

Female cotton pickers, 
Khairpur (Sindh) 

18 (22% for 
married whereas 
9% for 
unmarried) 

Occupational/ 
non-
occupational 

Methamatophos 
Baythroids 
Cypermethrin 
Endone, Aldrin 

Amongst 34 female workers, a significant 
increase was recorded in reproductive 
hormones (LH and FSH, PG and estradiol) 
both in cotton pickers and non-pickers 

Rizwan et al. 
(2005) 

Male industrial workers of 
pesticide manufacturing 
industry, Multan (Punjab). 

NA Occupational NA A significant genotoxic basis on significant 
(Pb0.001) decrease in the level of SChE in 
35 industrial workers 

Bhalli et al. 
(2006) 

Factory areas in Lahore, 
Multan (Punjab), Karachi 
(Sindh) 

29% small and 
8% medium 
industrial workers 

Occupational Endosulfan 
Imidacloprid 
Thiodicarb 
Carbofuran 
Methamidophos 

Serum AST, ALT, Creatinine GGT, 
Malondialdehyde, Total antioxidant, and 
CRP significantly higher 

Khan et al. 
(2010) 

Village (Chak No. 105) 
(Punjab) 

NA Non-
occupational 

Chlorfenapyr 70 lives infected to food poisoning and 11 
members of same family died 

Mohiuddin et al. 
(2016) 

Hospital patients, Karachi 
(Sindh) 

8% mortality rate Non-
occupational 

Organophosphate Acute respiratory distress syndrome to 
aspiration pneumonia. 

Mohiuddin et al. 
(2016) 

Male, female and children 
from three different farm 
locations, Vehari (Punjab) 

NA Occupational Endosulfan 
Aldrin 
Dieldrin 
pp-DDT 

Farm workers contained 1.13 ngmL−1 pp-
DDT, 0.92 ngmL−1 aldrin, 0.68 ngmL−1 
dieldrin and 1.96 ngmL−1 endosulfan in their 
blood samples. 

Saeed et al. 
(2017) 

AChE: Acetyl cholinesterase level, KPK: Khyber Pakhtunkhwa (former North-West Frontier Province (NWFP) of Pakistan), SChE: Serum cholinesterase, 
GPT: Glutamate pyruvate transaminase, GOT: Glutamate oxaloacetate transaminase, ALP: Alkaline phosphatase, LH: Luteinizing hormone, FSH: Follicle-



Khan, Shoukat, Cheema, Arif, Niazi, Azam, Bashir, Ashraf & Qadri 

 142 

stimulating hormone, PG: Progesterone, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, GGT: Gamma glutamyltransferase, CRP: C-
reactive protein, NA: Not available 

Although vegetables and fruits have various residual level of 

pesticides which may be due to different climatic conditions 

of the zone (hot, humid, and cold) or due to the variation in 

plant species, MRL (maximum residue limit) can be defined 

as tolerant level to store residues in the food commodities, as 

already set by the USEPA. The MRL of the food impacts the 

acceptable daily intake (ADI) of residues per kilogram body 

weight (kBW) in a day. United States and European Union 

have set the ADI as 1.75 and 0.3 mg/kg/BW/day, respectively 

to reduce its impact on the human health (Gillam, 2017). 

Various fruits samples were collected to see year-wise 

distribution of contamination with the MRL. Substantial 

reduction has been noted in fruits varieties particularly in 

citrus and apple which was supposed to be due to awareness 

in the growers about regularity in use of pesticides. The higher 

values of bifenthrin, cypermethrin, cyhalothrin and 

endosulfan were also observed in citrus fruits; however, their 

presence was not justified scientifically (Parveen et al., 2004). 

Irrigation is supposed as a common practice and a faster way 

to contaminate food through soil and water particularly in 

Pakistan. More than 50.0% of the collected fruits and 

vegetables were found to have higher level of contamination 

than the permissible level and MRL due to the presence of 

higher residues of dieldrin, DDT, methamidophos, and 

diazinon. The fruits samples collected from Nawab Shah, 

Karachi and Hyderabad regions were found to be 8.0%, 

36.0% and 12.5% contaminated, respectively. The meat 

samples that were collected from Faisalabad and Karachi 

regions were 100.0% contaminated and all these samples 

were found to contain residual level 100 times higher than 

MRL (Faheem et al., 2015). 

The contamination of recent stockpiled pesticides is very high 

with their persistent nature in different environmental 

matrices and crucially needs a comprehensive study about the 

surveillance, risk assessments, residual limits, and monitoring 

of these pesticides. However, the polices of Pakistan related 

to the food items are around 40 years old and lacking 

regularity in measurement, this reflects the high level of 

pesticide residues in 105 food items (Syed et al., 2014). 

Pesticides exposure to human: Some of the pesticides such 

as triazines, tetrachloro-p-dioxin (TCDD), 1,1,1-trichloro-

2,2-bis-(p-chlorophenyl)-ethane (DDT), butylated 

hydroxyanisole (BHA), Di-(2-ethylhexyl)- phthalate 

(DEHP), poly- chlorinated biphenyls (PCBs), tributyltin 

(TBT) were found to be still in use even after these were 

banned by the regulating authorities in Pakistan (Ejaz et al., 

2004; Khwaja et al., 2013). Additionally, misuse of pesticides 

in Pakistan is very high due to the less literacy rate and 

awareness to their safe uses (Tariq et al., 2004a). According 

to the report of Sustainable Development Policy Institute 

(SDPI), the pesticide exposure is more dangerous for the 

women in the cotton field (Jabbar and Mallick, 1994). The 

main reason behind this fact is that traditionally more than 

90.0% of cotton picking in the field is done by women 

workers in Pakistan (Khwaja, 2001; Ahmad et al., 2004; 

Rizwan et al., 2005). Furthermore, health issues and different 

symptoms observed in cotton-picking women include (but not 

limited to) nausea (12.0%), skin irritation (27.0%), 

gastroenteritis (10.0%) and headache (26.0%) (Jabbar and 

Mallick, 1994). 

In October, 2006, dengue virus caused 44 deaths and 732 

severe fevers out of 4659 cases in Pakistan (Xinhua, 2006). 

The Government announced to spray deltamethrin to control 

this vector born disease in populated areas without preventive 

measures. This dengue control activity significantly increased 

the cases of respiratory disorders (i.e. more than 20.0% than 

previous hospital records) (Special Report, 2006; Orme and 

Kegley, 2006). Moderate persistence of deltamethrin in 

atmosphere was observed especially in Lahore and Faisalabad 

due to the hazy environmental conditions of these regions at 

the time (having 400–600 μg/m3 suspended particulate matter 

at 13-20°C) (Shahid, 2007). 

Krawinkel et al. (1989) collected 20 and 21 samples of fat 

tissues and blood respectively from the hospital of Quetta city 

to observe the pesticides level especially organochlorine (i.e. 

HCH, DDT and DDE). It was reported that the concentrations 

of DDT had association with the level of DDE and both 

samples of fat tissues and blood had high concentration of 

DDE/DDT. Seed et al. (2017) collected 56 blood samples 

from different cultivated areas of Vehari and found significant 

concentration of pp-DDT, aldrin, dieldrin and endosulfan 

from blood samples. Parveen and Masud (2001) collected 75 

samples of blood from cotton cultivated areas of Multan and 

found 85% of the blood samples containing organophosphate 

(OP), synthetic pyrethroids (SP) and organochlorines (OC). 

Pesticides such as DDT and its metabolites, profenofos, 

fenpropathrin, monocrotophos and cyhalothrin were found 

more frequently in different blood samples. Ilyas et al. (2003) 

collected 116 blood samples of spray men, pesticide dealers 

and common men and found the same trend. Higher 

concentration of pesticides also causes the neurological 

disturbance to impair the nerve functions and affect equally at 

the central nerves and peripheral nerves system (Hong et al., 

2007). 

Higher concentration of acetyl-cholinesterase enzyme 

(AChE) 50.0 to 88.0% per quarter of sample) was found in 88 

blood samples of cotton picker females which was probably 

due to the higher use of organophosphate and/or OCPs 

(Masud and Baig, 1992). The same AChE was also observed 

in the blood samples of urban male and female groups from 

Karachi, Pakistan. In this study, correlation between 

organophosphate pesticides and AChE was not significant 

(Naqvi and Jahan, 1999; Azmi et al., 2005). 
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Results of several previous studies showed residues of 

endocrine disrupting organochlorine pesticide in the blood 

samples of the residents of Punjab, Baluchistan and Sindh 

provinces of Pakistan (Table 7), where higher rates of cancer 

were observed during 1994-2002 (Krawinkel et al., 1989; 

Naqvi and Jahan, 1999; Parveen and Masud, 2001). Ahmad et 

al., (2002b) reported that pesticide poisoning center, Nishtar 

Hospital, Multan, Pakistan registered 578 patients and 370 

patients were found the victim of poisoning (i.e. OP, OC) 

exposure (27.0% females and 73.0% males). The toxic effects 

of these pesticides on the reproductive hormones [i.e. follicle 

stimulation hormone (FSH), luteinizing hormone (LH), 

progesterone (PG)] and estradiol with AChE’s level in the 

blood plasma were evaluated in cotton picker women. 

Considerable differences were observed in FSH and LH of 

married workers than the unmarried; however, overall effect 

on these hormones was negligible. Results of this study were 

found to be consistent with that of Larsen et al. (1998) who 

observed that short exposure of these pesticides did not likely 

affect the reproductive hormones and serum quality. Rizwan 

et al. (2005) also conducted the similar research in Khairpur 

District, Sindh, Pakistan and correlated endocrine disruption 

with pesticides (i.e. cypermethrin, methamatophos, endone 

and baythroids). 

Exposure and effects of polytrin-C, monocrotophos, 

cypermethrin, diazinon, deltamethrin, DDE and DDT were 

reported in workers blood from 14 different fruit and 

vegetable farms in Gadap, Karachi, Pakistan. The residual 

effect was also observed on the enzyme secretions i.e. 

glutamate pyruvate transaminase (GPT), alkaline phosphatase 

(ALP) and glutamate oxaloacetate transaminase (GOT). High 

level of these enzymes was detected in 78 blood samples out 

of 247 samples which may be due to mutation in genetic 

expression to detoxify the pesticides (Azmi et al., 2006). To 

assess the effect of pesticides on genetic materials, Bhalli et 

al., (2006) monitored the micronucleus assay, serum 

cholinesterase (SChE), liver enzymes and some 

hematological parameters as biomarkers in group of 35 male 

labor in the pesticide industry in Multan, Pakistan and found 

significant reduction in the level of SChE in the labor group 

suggesting genotoxic effect of pesticides. 

Conclusions and future recommendations: Extensive use of 

pesticides for agricultural production is a major 

environmental and health issue in the farming community of 

Pakistan. Most of the farmers use a mixture of chemical 

pesticides for the better control of different insect pests and 

diseases. Major portion of the used pesticides is highly or 

moderately toxic (70.0%) to the biological system. Careless 

use and handling of these toxic pesticides result in 

contamination of all three kinds of environmental matrices 

including air, water and land. Through all these matrices, 

directly or indirectly, these pesticides enter into food chain 

and human body and cause a number of health issues in 

human beings. 

The sole reliance of farmers on chemical pesticides, poor 

knowledge and limited access of farmers to training facilities, 

and improper handlings are the major factors leading to the 

presence of higher pesticides residues in agricultural 

commodities and thus higher risk of their exposure to the end 

users (i.e. human). Strict government regulations on 

pesticides production, distribution, and easy access of farming 

community to training facilities and effective extension 

services are required for improving farmers’ knowledge on 

use and proper handlings of pesticides. This will help to 

reduce the risk of exposure and subsequently mitigate the 

adverse effects of pesticides on environmental health. 

Alternate pests controlling substances such as biopesticides 

(i.e. natural or microbes-based products) or allelopathic plant 

extracts (i.e. allelochemicals) must be explored and developed 

for possible use in crop production. 

Although some data on use, contamination and exposure of 

pesticides in Pakistan are available, research studies are too 

limited to know the real picture of the subject matter. On the 

basis of previous studies, we suggest that considerable efforts 

must be made to examine the current status of pesticides 

contamination and related health issues in Pakistan. Studies 

must be conducted to precisely determine the current use, 

contamination level and exposure of pesticides in Pakistan. In 

addition, substantial research work must be done to develop 

new, eco-friendly and cost-effective methodologies and 

explore suitable ways to remove these pollutants from the 

contaminated environments. 

 

Acknowledgment: Authors are thankful to the Higher 

Education Commission of Pakistan for providing financial 

support for this study through project number NRPU-7730. 

 

REFERENCES 

 

Aamir, M., S. Khan, L. Niu, S. Zhu and A. Khan. 2017. 

Occurrence, enantiomeric signature and ecotoxicological 

risk assessment of HCH isomers and DDT metabolites in 

the sediments of Kabul River, Pakistan. Environ. 

Geochem. Health. 39:779-790. 

Abrahams, P.W. 2002. Soils: Their implications to human 

health. Sci. Total Environ. 291:1-32. 

Ahad, K., A. Mohammad, F. Mehboob, A. Sattar and I. 

Ahmad. 2006. Pesticide residues in Rawal Lake, 

Islamabad, Pakistan. Bull. Environ. Contam. Toxicol. 

76:463-470. 

Ahad, K., T. Anwar, I. Ahmad, A. Mohammad, S. Tahir, S. 

Aziz and U.K. Baloch. 2000. Determination of 

insecticide residues in groundwater of Mardan Division, 

NWFP, Pakistan: A case study. Water SA-Pretoria 

26:409-412. 

Ahad. K., Y. Hayat, I. Ahmad and M.H. Soomro. 2001. 

Capillary chromatographic determination of pesticides 



Khan, Shoukat, Cheema, Arif, Niazi, Azam, Bashir, Ashraf & Qadri 

 144 

residues in groundwater of Multan Division. Nucleus 

38:145-149. 

Ahmad, M., M.I. Arif and I. Denholm. 2003. High resistance 

of field populations of the cotton Aphid Aphis gossypii 

Glover (Homoptera: Aphididae) to pyrethroid 

insecticides in Pakistan. J. Econ. Entomol. 96:875-878. 

Ahmad, M., M.I. Arif and M. Ahmad. 2007. Occurrence of 

insecticide resistance in field populations of Spodoptera 

litura (Lepidoptera: Noctuidae) in Pakistan. Crop Prot. 

26:809-817. 

Ahmad, M., M.I. Arif, Z. Ahmad and I. Denholm. 2002a. 

Cotton whitefly (Bemisia tabaci) resistance to 

organophosphate and pyrethroid insecticides in Pakistan. 

Pest Manag. Sci. 58:203-208. 

Ahmad, R., K. Ahad, R. Iqbal and A. Muhammad. 2002b. 

Acute poisoning due to commercial pesticides in Multan. 

Pak. J. Med. Sci. 18:227-231. 

Ahmad, R., M.K. Baloach, A. Ahmad, R. Rauf, H. Siddiqui 

and M.Y. Khokar. 2004. Evaluation of toxicity due to 

commercial pesticides in female workers. Pak. J. Med. 

Sci. 20:392-396. 

Ahmad, R., R.S. Kookana, A.M. Alston and J.O. Skjemstad. 

2001a. The nature of soil organic matter affects sorption 

of pesticides. Relationships with carbon chemistry as 

determined by l3C PMAS NMR spectroscopy. Environ. 

Sci. Technol. 35:878-88. 

Ahmad, R., R.S. Kookana, A.M. Alston and R.H. Bromilow. 

2001b. Differences in sorption behaviour of carbaryl and 

phosalone in soils from Australia, Pakistan, and the 

United Kingdom. Aust. J.  Soil Res. 39:893-908. 

Aktar, W., D. Sengupta and A. Chowdhury. 2009. Impact of 

pesticides use in agriculture: Their benefits and hazards. 

Interdiscip. Toxicol. 2:1-2. 

Alamdar, A., J.H. Syed, R.N. Malik, A. Katsoyiannis, J. Liu, 

J. Li and K.C. Jones. 2014. Organochlorine pesticides in 

surface soils from obsolete pesticide dumping ground in 

Hyderabad City, Pakistan: Contamination levels and 

their potential for air–soil exchange. Sci. Total Environ. 

470:733-741. 

Alavanja, M.C. 2009. Introduction: Pesticides use and 

exposure, extensive worldwide. Rev. Environ. Health 

24:303-310. 

Alegria, H.A., F. Wong, L.M. Jantunen, T.F. Bidleman, M.S. 

Figueroa, G.G. Bouchot, V.C. Moreno, S.M. 

Waliszewski and R. Infanzon. 2008. Organochlorine 

pesticides and PCBs in air of Southern Mexico (2002–

2004). Atmos. Environ. 42:8810-8818. 

Ali, M. and A. Jabbar. 1992. Effect of pesticides and 

fertilizers on shallow groundwater quality. Final 

technical Report (Jan. 1990–Sep. 1991). Government of 

Pakistan, Islamabad. Pakistan Council of Research in 

Water Resources. 

Ali, U., A. Bajwa, M.J.I. Chaudhry, A. Mahmood, J.H. Syed, 

J. Li, G. Zhang, K.C. Jones and R.N. Malik. 2016. 

Significance of black carbon in the sediment–water 

partitioning of organochlorine pesticides (OCPs) in the 

Indus River, Pakistan. Ecotoxicol. Environ. Saf.  

126:177-185. 

Anderson, J., A. Gitter, R. Lacey and R. Karthikeyan. 2018. 

Transport, fate, and toxicity of selected public health 

insecticides in waterways. Toxicol. Environ. Chem. 1-15. 

Anjum, M.M., N. Ali and S. Iqbal. 2017. Pesticides and 

environmental health: A review. Toxicol Environ. Chem. 

5:555671. 

Asha, L.P. and R.S. Sandeep. 2013. Review on 

bioremediation-potential tool for removing 

environmental pollution. Int. J. Basic Applied Sci. 3:21-

33. 

Asi, M.R., A. Hussain and S.T. Muhmood. 2008. Solid phase 

extraction of pesticide residues in water samples: DDT 

and its metabolites. Int. J. Environ. Res.  2:43-48 

Attaullah, M., M.J. Yousuf, S. Shaukat, A.B. Munshi, S. 

Khawaja and S.I. Anjum. 2016. Polychlorinated biphenyl 

residues and etiology of cancer: A case-control study in 

the residents of Karachi City. J. Biodivers. Environ. Sci. 

9:212-221. 

Azmi, M.A., S.N.H. Naqvi and M.A. Azmi. 2005. Pesticide 

residue in the blood of rural population from Gadap, 

Karachi and related health hazards. J. Exp. Zoolog. 

8:343-351. 

Azmi, M.A., S.N.H. Naqvi, M.A. Azmi, and M. Aslam. 2006. 

Effect of pesticide residues on health and different 

enzyme levels in the blood of farm workers from Gadap 

(rural area) Karachi-Pakistan. Chemosphere 64:1739-

1744. 

Bailey, G.W. and J.L. 1970. White factors influencing the 

adsorption, desorption, and movement of pesticides in 

soil. In Single Pesticide Volume: The Triazine 

Herbicides 29-92. 

Bajwa, A., U. Ali, A. Mahmood, M.J.I. Chaudhry, J.H. Syed, 

J. Li and R.N. Malik. 2016. Organochlorine pesticides 

(OCPs) in the Indus River catchment area, Pakistan: 

Status, soil-air exchange and black carbon mediated 

distribution. Chemosphere 152:292-300. 

Baker, E.L.J., R.D. Dobbin, M. Zack, J.W. Miles, L. 

Alderman and S. Miller S. 1978. Epidemic malathion 

poisoning in Pakistan malaria workers. Lancet 1:31-34. 

Baloch, U.K. 1985. Problems associated with the use of 

chemicals by agricultural workers. Basic Life Sci. 34:63-

78. 

Bano, A. and S.A. Siddique. 1991. Chlorinated hydrocarbons 

in the sediments from the coastal waters of Karachi 

(Pakistan). Pak. J. Sci. Ind. Res. 34:70-74. 

Banuri, T. 1998. Pakistan: Environmental impact of cotton 

production and trade. Mimeographed, IISD, Canada. 

Bashir, M.H., Zahid, M., Khan, M.A., Shahid, M., Khan, A.K. 

and L. Amrao. 2018. Pesticides toxicity for Neoseiulus 



Exposure of pesticides 

 145 

barkeri (Acari: Phytoseiidae) and non-target organisms. 

Pak. J. Agri. Sci. 55:63-71. 

Bhalli, J.A., Q.M. Khan, M.A. Haq, A.M. Khalid and A. 

Nasim. 2006. Cytogenetic analysis of Pakistani 

individuals occupationally exposed to pesticides in a 

pesticide production industry. Mutagenesis 21:143-148. 

Bhat, R. and V.M. Gómez-López. 2014. Practical food safety: 

Contemporary issues and future directions. John Wiley & 

Sons 145-165 

Bhattacharya, B., S.K. Sarkar and N. Mukherjee. 2003. 

Organochlorine pesticide residues in sediments of a 

tropical mangrove estuary, India: Implications for 

Monitoring. Environ. Int. 29:587-592. 

Bollag, J.M. and S.Y. Liu. 1990. Biological transformation 

processes of pesticides. In: Cheng HH, Editor. Pesticides 

in the soil environment: Processes, impacts, and 

modelling. Madison, Wisconsin: Soil Sci. Soc. Am. J. 

169-211. 

Bolognesi, C. and G. Morasso. 2000. Genotoxicity of 

pesticides: Potential risk for consumers. Trends Food Sci. 

Technol.11:182-187. 

Bourguet, D. and T. Guillemaud. 2016. The hidden and 

external costs of pesticide use. In Sustainable Agriculture 

Reviews 19:35-120. 

Brevik, E.M., M. Grande, J. Knutzen, A. Polder and J.U. 

Skaare. 1996. DDT contamination of fish and sediments 

from lake Orsjøen, Southern Norway: Comparison of 

data from 1975 and 1994. Chemosphere 33:2189-2200. 

Burauel, P. and F. Bassmann. 2005. Soils as filter and buffer 

for pesticides-experimental concepts to understand soil 

functions. Environ. Pollut. 133:11-16. 

Cattani, M., K. Cena, J. Edwards and D. Pisaniello. 2001. 

Potential dermal and inhalation exposure to chlorpyrifos 

in Australian pesticide workers. Ann. Occup. Hyg. 

45:299-308. 

Chakraborty, P., G. Zhang, J. Li, A. Sivakumar and K.C. 

Jones. 2015. Occurrence and sources of selected 

organochlorine pesticides in the soil of seven major 

Indian cities: Assessment of air-soil exchange. Environ. 

Pollut. 204:74-80. 

Dachs, J., R. Lohmann, W.A. Ockenden, L. Méjanelle, S.J. 

Eisenreich and K.C. Jones. 2002. Oceanic 

biogeochemical controls on global dynamics of persistent 

organic pollutants. Environ. Sci. Technol. 36:4229-4237. 

Damalas, C.A. and I.G. Eleftherohorinos. 2011. Pesticide 

exposure, safety issues, and risk assessment indicators. 

Int. J. Environ. Res. 8:1402-1419. 

Damalas, C.A. and M. Khan. 2017. Pesticide Use in 

Vegetable Crops in Pakistan: Insights Through an 

Ordered Probit Model. Crop Prot. 99:59-64. 

Economic survey of Pakistan. Finance division, government 

of Pakistan, Islamabad. 2005-6. 

[http://www.finance.gov.pk/survey/sur_chap_05-06/02-

Agriculture.PDF]. 

Economic survey of Pakistan. Finance division, government 

of Pakistan, Islamabad. 2009-10 

[http://www.finance.gov.pk/publications/YearBook2009

_10.pdf]. 

Economic survey of Pakistan. Finance division, government 

of Pakistan, Islamabad. 2014-15 

[http://www.finance.gov.pk/survey/chapters_15/highlig

hts.pdf]. 

Economic survey of Pakistan. Finance division, government 

of Pakistan, Islamabad. 2015-16 

[http://www.irispunjab.gov.pk/Economic%20SurveysN

ew/Economic%20Survey%202015-16.pdf]. 

Ejaz, S., W. Akram, C.W. Lim, J.J. Lee and I. Hussain. 2004. 

Endocrine disrupting pesticides: A leading cause of 

cancer among rural people in Pakistan. Exp. Oncol. 

26:98-105. 

Environmental News Service. 1998. Pesticide dump sickens 

Pakistan residents. 

[http://www.poptel.org.uk/panap/pm/nfa-

pm7.htm#Dump]. 

Eqani, S.A.M.A.S., R.N. Malik and A. Mohammad. 2011. 

The level and distribution of selected organochlorine 

pesticides in sediments from River Chenab, Pakistan. 

Environ. Geochem. Health. 33:33-47. 

Faheem, N., A. Sajjad, Z. Mehmood, F. Iqbal, Q. Mahmood, 

S. Munsif and A. Waseem. 2015. The pesticide exposure 

through fruits and meat in Pakistan. Fresen. Environ. 

Bull. 24:4555-4566. 

Flury, M., H. Fluhler, W.A. Jury and J. Leuenberger. 1994. 

Susceptibility of soils to preferential flow of water: A 

field study. Water Resour. Res. 30:1945-1954. 

FOCUS Working Group. 2008. Pesticides in air: 

Considerations for exposure assessment. European 

Union, Brussels. 327. 

Fong, W.G., H.A. Moye, J.N. Seiber and J.P. Toth. 1999. 

Pesticide residues in food. Methods, Techniques and 

Regulations 374. 

Foster, J.B. and F. Magdoff. 1998. Liebig, marx, and the 

depletion of soil dertility: Relevance for today's 

agriculture. Mon. Rev. 50:32. 

Gavrilescu, M. 2005. Fate of pesticides in the environment 

and its bioremediation. Eng. Life Sci. 5:497-526. 

Gilbert, M., M.Z. Virani, R.T. Watson, J.L. Oaks, P.C. 

Benson and A.A. Khan. 2002. Breeding and mortality of 

oriental white-backed vulture Gyps bengalensis in 

Punjab Province, Pakistan. Bird Conserv. Int. 12:311-

326. 

Gillam, C. 2017. Tests show Monsanto weed killer in 

cheerios, other popular foods. Huff Post. 

[https://www.huffingtonpost.com/carey-gillam/tests-

show-monsanto-weed_b_12950444.html] 

Goldberg, E.D., W.R.P. Bourne, E.A. Boucher and A. 

Preston. 1975. Synthetic organohalides in the sea. Proc. 

R. Soc. Lond., B, Biol. Sci. 189:277-289. 



Khan, Shoukat, Cheema, Arif, Niazi, Azam, Bashir, Ashraf & Qadri 

 146 

Gurr, G.M., J. Liu, A.C. Johnson, D.N. Woruba, G. Kirchhof, 

R. Fujinuma and R. Akkinapally. 2016. Pests, diseases 

and crop protection practices in the smallholder sweet 

potato production system of the highlands of Papua New 

Guinea. Peer J. 2703. 

Hakeem, K.R., J. Akhtar and M. Sabir. 2016. Soil science: 

agricultural and environmental prospectives. Springer, 

International Publishing AG Switzerland 199-230. 

Hassan, U.A., A.B. Tabinda, M. Abbas, and A. M. Khan. 

2014. Organochlorine and pyrethroid pesticides analysis 

in dairy milk samples collected from cotton growing belt 

of Punjab, Pakistan. Pak. J. Agri. Sci. 51:321-325. 

Helfrich, L.A., D.L. Weigmann, P.A. Hipkins and E.R. 

Stinson. 2009. Pesticides and aquatic animals: A guide to 

reducing impacts on aquatic systems. 

Hong, S.Y., J.R Hong, H.W. Gil, J.O Yang, E.Y. Lee and D. 

Jeong. 2007. Effects of repeated pesticide exposure on 

the peripheral and central nervous systems. Toxicol. 

Environ. Chem. 595-601 

Hussain, A. and M.R. Asi. 2008. Pesticides as water 

pollutants. Groundwater for sustainable development 

problems. Perspectives and Challenges 1: 95. 

Hussain, S., T. Masud and K. Ahad. 2002. Determination of 

pesticides residues in selected varieties of mango. Pak. J. 

Nutr.1:41-42. 

Ilyas, M., A. Rashid, K. Mahmood, S. Hussain, K.R. Arshad, 

Z. Chishti and I.H. Mehmood. 2003. Assessment of 

human exposure to pesticide-A survey. Pak. J. Soil Sci. 

22. 

 Iqbal, Z., A. Hussain, A. Latif, M.R. Asi and J.A. Chaudhary. 

2001. Impact of pesticide applications in cotton agro-

ecosystem and soil bioactivity studies: Microbial 

populations. J. Biol. Sci. 1:640-644. 

Iqbal, Z., S.M. Alam, A. Hussain, M.R. Asi and J.A. 

Chaudhary. 2001. Effect of repeated use of pesticides on 

soil dehydrogenase activity in cotton fields. Pak. J. Soil 

Sci. 19:51-57. 

Iram, S., I. Ahmad, K. Ahad, A. Muhammad and S. Anjum. 

2009. Analysis of pesticides residues of Rawal and Simly 

lakes. Pak. J. Bot. 41:1981-1987. 

Jabbar, A. 1992. Pesticide poisoning in humans. J. Pak. Med. 

Assoc. 42:251-252. 

Jabbar, A. and S. Mallick. 1994. Pesticides and environment 

situation in Islamabad, Pakistan: Sustainable 

Development Policy Institute. 

Jabbar, A., S.Z. Masud, Z. Parveen and M. Ali. 1993. 

Pesticide residues in cropland soils and shallow 

groundwater in Punjab Pakistan. Bull. Environ. Contam. 

Toxicol. 51:268-273. 

Jamil, H., A. Kundi, S. Akhtar and N. Sultana. 1977. Organo-

phosphorus insecticide poisoning-review of 53 cases. J. 

Pak. Med. Assoc. 27:361-363. 

Jan, M.R., J. Shah, M.A. Khawaja and K. Gul. 2009. DDT 

residue in soil and water in and around abandoned DDT 

manufacturing factory. Environ. Monit. Assess. 155:31-

38. 

Khan, D.A., I. Hashmi, W. Mahjabeen and T.A. Naqvi. 2010. 

Monitoring health implications of pesticide exposure in 

factory workers in Pakistan. Environ. Monit. Assess. 

168:231-240. 

Khan, M., H.Z. Mahmood and C.A. Damalas. 2015. Pesticide 

use and risk perceptions among farmers in the cotton belt 

of Punjab, Pakistan. Crop Prot. 67:184-190 

Khooharo, A.A., R.A. Memon and M.U. Mallah. 2008. An 

empirical analysis of pesticide marketing in Pakistan. 

Pak. Econ. Soc. Rev. 57-74. 

Khwaja, M.A. 2001. Impact of pesticides on environment and 

health. SDPI Research News Bulletin 8. 

Khwaja, S., R. Mushtaq, R. Mushtaq, M. Yousuf, M. 

Attaullah, F. Tabbassum and R. Faiz. 2013. Monitoring 

of biochemical effects of organochlorine pesticides on 

human health. Health 5:1342. 

Koizumi, T., H. Hasegawa and K. Napat. 2017. Pesticides 

usage behavior and health impact of Thai’s farmers under 

good agricultural practices system. 69:43-48. 

Krawinkel, M.B., G. Plehn, H. Kruse and A.M. Kasi. 1989. 

Organochlorine residues in Baluchistan Pakistan blood 

and fat concentrations in humans. Bull. Environ. Contam. 

Toxicol. 43:821-826. 

Lallanilla, M. 2017. History and impacts of the pesticide 

DDT. The Spruce. [https://www.thespruce.com/what-is-

ddt-history-impacts-1708897] 

Larsen, S.B., A. Giwarcmen, M. Spano and J.P. Bonde. 1998. 

A longitudinal study of serum quality in pesticides 

spraying danish farmers. Reprod. Toxicol. 12:581-589. 

Lee, S.H., J.S. Ra, J.W. Choi, B.J. Yim, M.S. Jung and S.D. 

Kim. 2014. Human health risks associated with dietary 

exposure to persistent organic pollutants (POPs) in river 

water in Korea. Sci. Total Environ. 470:1362-1369. 

Li, H., G. Sheng, B.J. Teppen, C.T. Johnston and S.A. Boyd. 

2003. Sorption and desorption of pesticides by clay 

minerals and humic acid-clay complexes. Soil Sci. Soc. 

Am. J. 67:122-131. 

Linde, C.D. 1994. Physico-chemical properties and 

environmental fate of pesticides. 

Lohmann, R., E. Jurado, M.E. Pilson and J. Dachs. 2006. 

Oceanic deep-water formation as a sink of persistent 

organic pollutants. Geophys. Res. Lett. 33. 

Magnusson, E. and J.A.L. Cranfield. 2005. Consumer 

demand for pesticide free food products in Canada: A 

profit analysis. Can. J. Agr. Econ. 53:67-81. 

Mahboob, S., K.A. Al-Ghanim, F. Al-Misned and Z. Ahmed. 

2014. Determination of pesticide residues in muscle of 

Cyprinus carpio from river Ravi. Toxicol. Environ. 

Chem. 96:799-807. 

Mahmood, A., R.N. Malik, J. Li and G. Zhang. 2014a. Human 

health risk assessment and dietary intake of 

organochlorine pesticides through air, soil and food crops 



Exposure of pesticides 

 147 

(wheat and rice) along two tributaries of river Chenab, 

Pakistan. Food Chem. Toxicol. 71:17-25. 

Mahmood, A., R.N. Malik, J. Li and G. Zhang. 2014b. Levels, 

Distribution pattern and ecological risk assessment of 

organochlorines pesticides (OCPs) in water and 

sediments from two tributaries of the Chenab river, 

Pakistan. Ecotoxicol. 23:1713-1721. 

Malik, R.N., S. Rauf, A. Mohammad, and K. Ahad. 2011. 

Organochlorine residual concentrations in cattle egret 

from the Punjab Province, Pakistan. Environ. Monit. 

Assess. 173:325-341. 

Malik, T.H. and M.Z. Ahsan. 2016. Review of the cotton 

market in Pakistan and its future prospects. OCL 

23(6):606. 

Marín-Benito, J.M., E. Herrero-Hernández, M.S. Rodríguez-

Cruz, Arienzo and M.J. Sánchez-Martín. 2017. Study of 

processes influencing bioavailability of pesticides in 

wood-soil systems: Effect of different factors. 

Ecotoxicol. Environ. Saf. 139:454-462. 

Masiá, A., K. Vásquez, J. Campo and Y. Picó.2015. 

Assessment of two extraction methods to determine 

pesticides in soils, sediments and sludges. Application to 

The Túria River Basin. J. Chromatogr. A 1378:9-31. 

Masud, S.Z. and M.H. Baig. 1992. Annual report of tropical 

agricultural research institute, Karachi. Pakistan 

Agricultural Research Council. 

Masud, S.Z. and N. Hasan. 1992. Pesticide residues in 

foodstuffs in Pakistan: Organochlorine, 

organophosphorus and pyrethroid insecticides in fruits 

and vegetables. Pak. J. Sci. Ind. Res. 35:499-504. 

Masud, S.Z. and N. Hasan. 1995. Study of fruits and 

vegetables in NWFP Islamabad and Balochistan for 

organochlorine, organophosphorus and pyrethroid 

pesticide residues. Pak. J. Sci. Ind. Res. 38:74-80. 

Masud, S.Z. and S. Farhat. 1985. Pesticide residues in 

foodstuffs in Pakistan organochlorine pesticides in fruits 

and vegetables. Pak. J. Sci. Ind. Res. 28: 417-422. 

Mazari, R.B. 2005. Country report on international code of 

conduct on the distribution and use of pesticides. 

Department of Plant Protection, Ministry of Food, 

Agriculture & Livestock Government of Pakistan. 2005. 

McConnell, L.L., J.S. LeNoir, S. Datta and J.N. Seiber. 1998. 

Wet deposition of current‐use pesticides in the Sierra 

Nevada mountain range, California, USA. Environ. 

Toxicol. Chem. 17:1908-1916. 

McGuire, S. 2016. World cancer report 2014. Geneva, 

Switzerland: World Health Organization, International 

agency for research on cancer, WHO Press, 2015. Adv. 

Nutr. 7. 

Mehmood, A., A. Mahmood, S.A.M.A.S. Eqani, M. Ishtiaq, 

A. Ashraf, N. Bibi and G. Zhang. 2017. A review on 

emerging persistent organic pollutants: Current scenario 

in Pakistan. Hum. Ecol. Risk Assess. 23: 1-13. 

Memon, A.H., G.M. Lund, N.A. Channa, S.A. Shah, M. 

Younis and F. Buriro. 2016. Contaminants exposure and 

impacts on drinking water of Johi subdivision of Sindh, 

Pakistan. Adv. Sci. Lett. 4:78-83. 

Mensah, P.K., C.G. Palmer and W.J. Muller. 2014. Lethal and 

sublethal effects of pesticides on aquatic organisms: The 

case of a freshwater shrimp exposure to roundup. In 

pesticides-toxic aspects. InTech. 

Mohiuddin, H., R. Siddiqi and P. Aijaz. 2016. Pesticide 

poisoning in Pakistan: The need for public health 

reforms. Public Health 141:185. 

Muhammad, A.M., T. Zhonghua, A.S. Dawood and B. Earl. 

2015. Evaluation of local groundwater vulnerability 

based on drastic index method in Lahore, Pakistan. 

Geofís. Int. 54:67-81. 

Munshi, A.B., S.B. Detlef, R. Schneider and R. Zuberi. 2004. 

Organochlorine concentrations in various fish from 

different locations at Karachi coast. Mar. Pollut. Bull. 

49:597-601. 

Nakata, H., M. Kawazoe, K. Arizono, S. Abe, T. Kitano and 

H. Shimada. 2002. Organochlorine pesticides and 

polychlorinated biphenyl residues in foodstuffs and 

human tissues from China: Status of contamination, 

historical trend, and human dietary exposure. Arch. 

Environ. Contam. Toxicol. 43:473-480. 

Naqvi, S.N.H. and M. Jahan. 1999. Pesticide residues in 

serum and blood samples of the people of Karachi. J. 

Environ. Biol. 20:241-244. 

NRC. 2000. Toxicological effects of methyl mercury. NAS 

Press Washington. 

Oaks, J.L., M. Gilbert, M.Z. Virani, R.T. Watson, C.U. 

Meteyer and B.A. Rideout. 2004. Diclofenac residues as 

the cause of vulture population decline in Pakistan. Nat. 

Res. 427:630-633. 

Orme, S. and S. Kegley. 2006. Deltamethrin information. 

PAN pesticide database. North America San Francisco, 

CA. Pesticide Action Network. 

Palikhe, B.R. 2003. Pesticides as water pollutants. AGRIS 

FAO. 

Park, J.S., S.K. Shin, W.I. Kim and B.H. Kim. 2011. Residual 

levels and identify possible sources of organochlorine 

pesticides in Korea atmosphere. Atmos. Environ. 

45:7496-7502. 

Parveen, Z. and S.Z, Masud. 1987. Organochlorine pesticide 

residues in cattle feed samples in Karachi Pakistan. Pak. 

J. Sci. Ind. Res. 30:513-516. 

Parveen, Z. and S.Z. Masud. 1988a. Monitoring of fresh milk 

for organochlorine pesticide residues in Karachi. Pak. J. 

Sci. Ind. Res. 31:49-52. 

Parveen, Z. and S.Z. Masud. 1988b. Organochlorine pesticide 

residues in cattle drinking water. Pak. J. Sci. Ind. Res. 

31:53-6. 



Khan, Shoukat, Cheema, Arif, Niazi, Azam, Bashir, Ashraf & Qadri 

 148 

Parveen, Z. and S.Z. Masud. 2001. Studies of pesticide 
residues in human blood. Pak. J. Sci. Ind. Res. 44:137-
141. 

Parveen, Z., I.A.K. Afridi, S.Z. Masud and M.M.H. Baig. 
1996. Monitoring of multiple pesticides residues in 
cotton seeds during three crop seasons. Pak. J. Sci. Ind. 
Res. 39:146-149. 

Parveen, Z., M.I. Khuhro and N. Rafiq. 2005. Monitoring of 
pesticide residues in vegetables (2000–2003) in Karachi, 
Pakistan. Bull. Environ. Contam. Toxicol. 74:170-176. 

Parveen, Z., M.I. Khuhro, N. Rafiq and N. Kausar. 2004. 
Evaluation of multiple pesticide residues in apple and 
citrus fruits, 1999-2001. Bull. Environ. Contam. Toxicol. 
73:312-318. 

PPSGDP. 2002. Environmental assessment and water quality 
monitoring program. Irrigation and Power Department, 
Government of the Punjab. Pakistan Technical Report 
54. 

Randhawa, M.A., Q.U.Z. Abid, F.M. Anjum, A.S. 
Chaudhary, M.W. Sajid, and A.A. Khalil. 2016. Organo-
chlorine pesticide residues in okra and brinjal collected 
from peri-urban areas of big cities of Punjab Pakistan. 
Pak. J. Agri. Sci. 53:425-430. 

Rashid, A., S. Nawaz, H. Barker, I. Ahmad and M. Ashraf. 
2010. Development of a simple extraction and clean-up 
procedure for determination of organochlorine pesticides 
in soil using Gas Chromatography–Tandem Mass 
Spectrometry. J. Chromatogr. A 1217:933-2939. 

Report, D.C.A. 2015. Fate of pesticides in agricultural soils. 
Department of Agroecology, Aarhus University. 
(http://dca.au.dk/fileadmin/DJF/DCA/Forside/DCArapp
ort62.pdf) 

Rizwan, S., I. Ahmad, M. Ashraf, S. Aziz, T. Yasmine and A. 
Sattar. 2005. Advance effect of pesticides on 
reproduction hormones of women cotton pickers. Pak. J. 
Biol. Sci. 8:1588-1591. 

Rodrigo, M.A., N. Oturan and M.A. Oturan. 2014. 
Electrochemically assisted remediation of pesticides in 
soils and water: A review. Chem. Rev. 114(17):8720-
8745. 

Saeed, M.F., M. Shaheen, I. Ahmad, A. Zakir, M. Nadeem, 
A.A. Chishti and C.A. Damalas. 2017. Pesticide 
exposure in the local community of Vehari District in 
Pakistan: An assessment of knowledge and residues in 
human blood. Sci. Total Environ. 587:137-144. 

Sanchez-Martin, M.J., M.S. Rodriguez-Cruz, M.S. Andrades 
and M. Sanchez-Camazano. 2006. Efficiency of different 
clay minerals modified with a cationic surfactant in the 
adsorption of pesticides: Influence of clay type and 
pesticide hydrophobicity. Appl. Clay. Sci. 31: 216-228. 

Sánchez-Osorio, J.L., J.V. Macías-Zamora, N. Ramírez-
Álvarez and T.F. Bidleman. 2017. Organochlorine 
pesticides in residential soils and sediments within two 
main agricultural areas of Northwest Mexico: 
Concentrations, enantiomer compositions and potential 
sources. Chemosphere 173:275-287. 

Sankararamakrishnan, N., A.K. Sharma and R. Sanghi. 2005. 
Organochlorine and organophosphorous pesticide 
residues in ground water and surface waters of Kanpur, 
Uttar Pradesh, India. Environ. Int. 31:113-120. 

Sanpera, C., X. Ruiz, G.A. Llorente, L. Jover and R. Jabeen. 
2002. Persistent organochlorine compounds in sediment 
and biota from the Haleji Lake: A wildlife sanctuary in 
South Pakistan. Bull. Environ. Contam. Toxicol. 68:237-
244. 

Saqib, T.A., S.N. Naqvi, P.A. Siddiqui and M.A. Azmi. 2005. 
Detection of pesticide residues in muscles, liver and fat 
of 3 species of Labeo found in Kalri and Haleji Lakes. J. 
Environ. Biol. 26:433-438. 

Shahid, M.A.K. 2007. A Comprehensive investigation of 
solid aerosols using XRPD and AAS. Ph. D. Thesis, 
University of the Punjab, Lahore, Pakistan. 

Sheng, G., Y. Yang, M. Huang and K. Yang. 2005. Influence 
of pH on pesticide sorption by soil containing wheat 
residue-derived char. Environ. Pollut. 134:457-463. 

Shihab, K. 1976. Malathion poisoning among spray men. 
Bull. Endem. Dis. 17:69-72. 

Soth, J., C. Grasser, R. Salerno and P. Thalmann. 1999. The 
impact of cotton on freshwater resources and ecosystems: 
A preliminary synthesis. WWF Background Paper. 

Spark, K.M. and R.S. Swift. 2002. Effect of soil composition 
and dissolved organic matter on pesticide sorption. Sci. 
Total Environ. 298:147-161. 

Special Report. 2006. Editorial: The dengue scares. The news 
international. Pakistan: Jang Group. 

Stephenson, G. A. and K.R. Solomon. 1993. Pesticides and 
the environment. department of environmental biology. 
University of Guelph, Guelph, Ontario, Canada. 

Stewart, B.W.K.P. and Wild, C. P. 2017. World cancer report 
2014. Health. 

Strand, A. and O. Hov. 1996. A model strategy for the 
simulation of chlorinated hydrocarbon distributions in 
the global environment. Water Air Soil Pollut. 86:283-
316. 

Sultana, J., J.H. Syed, A. Mahmood, U. Ali, M.Y.A. Rehman, 
R.N. Malik and G. Zhang. 2014. Investigation of 
organochlorine pesticides from the Indus Basin, 
Pakistan: Sources, air–soil exchange fluxes and risk 
assessment. Sci. Total Environ. 497:113-122. 

Syed, J.H., A. Alamdar, A. Mohammad, K. Ahad, Z. Shabir, 
H. Ahmed, A.M. Ali, S.G.A.S. Sani, H. Bokhari, K.D. 
Gallagher, I. Ahmad and S.A.M.A.S. Eqani. 2014. 
Pesticide residues in fruits and vegetables from Pakistan: 
A review of the occurrence and associated human health 
risks. Environ. Sci. Pollut. Res. Int. 21:13367–13393 

Syed, J.H., R.N. Malik and A. Muhammad. 2014. 
Organochlorine pesticides in surface soils and sediments 
from obsolete pesticides dumping site near Lahore City, 
Pakistan: Contamination status and their distribution. 
Chem. Ecol. 30:87-96. 

Syed, J.H., R.N. Malik, D. Liu, Y. Xu, Y. Wang, J. Li, G. 
Zhang and K.C. Jones. 2013. Organochlorine pesticides 



Exposure of pesticides 

 149 

in air and soil and estimated air–soil exchange in Punjab, 
Pakistan. Sci. Total Environ. 444:491-497. 

Syed, J.H., R.N. Malik, J. Li, C. Chaemfa, G. Zhang and K.C. 
Jones. 2014. Status, distribution and ecological risk of 
organochlorines (OCs) in the surface sediments from the 
Ravi river, Pakistan. Sci. Total Environ. 472:204-211. 

Tankiewicz, M., J. Fenik and M. Biziuk. 2010. Determination 
of organophosphorus and organonitrogen pesticides in 
water samples. Trends Anal. Chem. 29:1050-1063. 

Tariq, M.I. 2005. Leaching and degradation of cotton 
pesticides on different soil series of cotton growing areas 
of unjab, Pakistan in Lysimeters. Unpublished Ph. D. 
thesis, University of the Punjab, Lahore, Pakistan. 

Tariq, M.I., I. Hussain and S. Afzal. 2003. Policy measures 
for the management of water pollution in Pakistan. Pak. 
J. Earth Environ. Sci. 3:11-15. 

Tariq, M.I., S. Afzal and I. Hussain. 2004a. Pesticides in 
shallow water table areas of Bahawalnagar, Muzafargarh, 
D. G. Khan and Rajan Pur Districts of Punjab, Pakistan. 
Environ. Int. 30:471-9. 

Tariq, M.I., S. Afzal and I. Hussain. 2004b. Adsorption of 
pesticides by Salorthids and Camborthids of Punjab, 
Pakistan. Toxicol. Environ. Chem. 86:247-264. 

Tariq, M.I., S. Afzal and I. Hussain. 2006. Degradation and 
persistence of cotton pesticides in sandy loam soils from 
Punjab, Pakistan. Environ. Res. 100:184-196. 

Tariq, M.I., S. Afzal, I. Hussain and N. Sultana. 2007. 
Pesticides exposure in Pakistan: A review. Environ. Int. 
33:1107-22. 

Technical bulletin. 2000. Directorate of pest warning and 
quality control of pesticides, Punjab. 

Tehseen, W.M., L.G. Hansen, S.G. Wood and M. Hanif. 
1994. Assessment of chemical contaminants in water and 
sediment samples from Degh Nala in the Province of 
Punjab, Pakistan. Arch. Environ. Contam. Toxicol. 
26:79-89. 

Tomlin, C.D.S. 1997. The pesticide manual 11th. British Crop 
Prot. Council. 

Tucker, A.J. 2008. Pesticide residues in food-quantifying risk 
and protecting the consumer. Trends Food Sci. 
Technol.19:49-55. 

USEPA. 2018. Pesticides' Impact on Indoor Air Quality. U.S. 
Environmental Protection Agency. 

Van-den-Berg, F., R. Kubiak, W.G. Benjey, M.S. Majewski, 
S.R. Yates, G.L. Reeves, J.H. Smelt and A.M.A. Van-
der-Linden. 1999. Emission of pesticides into the air. In 
fate of pesticides in the atmosphere: Implications for 
environmental risk assessment. Springer Netherlands 
195-218. 

Vidali, M. 2001. Bioremediation. An overview. Pure Appl. 
Chem. 73:1163-1172. 

Waheed, S., C. Halsall, A.J. Sweetman, K.C. Jones and R.N. 
Malik. 2017. Pesticides contaminated dust exposure, risk 
diagnosis and exposure markers in occupational and 
residential settings of Lahore, Pakistan. Environ. 
Toxicol. Pharmacol. 56:375-382. 

Wania, F. and D. Mackay. 1995. A global distribution model 
for persistent organic chemicals. Sci. Total Environ. 
160:211-232. 

Wauchope, R.D., T.M. Buttler, A.G. Hornsby, P.W.N. 
Augustijn-Beckers and J.P. Burt.1992. The 
SCS/ARS/CES pesticide properties database for 
environmental decision making. Rev. Environ. Contam. 
Toxicol. 123:1-164. 

WHO. 2009. The WHO recommended classification of 
pesticides by hazard and guidelines to classification. 
Geneva, World Health Organization. 
[http://www.who.int/ipcs/publications/pesticides_hazard
/en/. Accessed 16 Dec 2016] 

WHO. 2017. Pesticide residues in food: Fact sheet. 
[http://www.who.int/mediacentre/factsheets/pesticide-
residues-food/en/] 

WHO/UNEP, W.G. 1990. Public health impact of pesticides 
used in agriculture. Geneva: World Health Organ. 
Geneva: World Health Organization. 

Xinhua. 2006. Dengue death toll rises to 44 in Pakistan. 
People's Daily Online. 
[http://english.peopledaily.com.cn/200611/16/eng20061
116_321981.html]. 

Xiong, B., Y. Zhang, Y. Hou, H.P.H. Arp, B.J. Reid and C. 
Cai. 2017. Enhanced biodegradation of PAHs in 
historically contaminated soil by M. gilvum inoculated 
biochar. Chemosphere 182:316-324. 

Yadav, I.C., N.L. Devi, J.H. Syed, Z. Cheng, J. Li, G. Zhang 
and K.C. Jones. 2015. Current status of persistent organic 
pesticides residues in air, water, and soil, and their 
possible effect on neighbouring countries: A 
comprehensive review of India. Sci. Total Environ. 
511:123-137. 

Yaqub, G., K. Iqbal, Z. Sadiq, and A. Hamid. 2017. Rapid 
determination of residual pesticides and polyaromatic 
hydrocarbons in different environmental samples by 
HPLC. Pak. J. Agri. Sci. 54:355-361. 

Zhang, W., F. Jiang and J. Ou. 2011. Global pesticide 
consumption and pollution: With China as a focus. 
Proceedings of the International Academy of Ecology 
and Environmental Sciences 1:125. 

Zhong, G., J. Tang, Z. Xie, A. Moeller, Z. Zhao, R. Sturm, Y. 
Chen, C. Tian, X. Pan, W. Qin and G. Zhang. 2014. 
Selected current‐use and historic-use pesticides in air and 
seawater of the Bohai and Yellow Seas, China. J. 
Geophys. Res. Atmos. 119:1073-1086. 

 
 
 
[Received 27 Apr 2018; Accepted 13 December-2019; 
Published (online) 16 Nov 2019] 
 


