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ABSTRACT
The use of quality pesticides has become indispensable for effective crop protection and 
environmental safety. In Punjab, four provincial Pesticide Quality Control Laboratories 
(PQCs) and Task Force keep check the quality and adulteration of the pesticides in the light 
of Agricultural Pesticides Ordinance (APO) 1971. In 2012-13, the consumption of pesticides 
decreased compared to past decades because of the extensive cultivation of Bt cotton and the 
more favorable climatic conditions. Recently, pesticide samples collected for quality assessment 
were observed under Pesticide Regulatory Programme (PRP) i.e. 9578 samples in 2016-17 
compared to 5935 samples in 2006-2007. The data of all the provincial labs were collected 
at Institute of Soil Chemistry and Environmental sciences, AARI, Faisalabad, Pakistan during 
2017. Results explored that the trend of unfit sample on an average is about 4.50% annually with 
some exceptions. The unfit ratio of multinational branded pesticide samples was much lower 
than generic pesticide samples. To make the Pesticide Quality Control Programme (PQCP) 
more effective, the provincial government has made Punjab Agricultural Pesticide Act 2012 after 
incorporating further amendments in APO 1971 which will be effective after 18th constitutional 
amendment. 
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INTRODUCTION
Pests are directly and indirectly reduced the crop yield 
in Pakistan. Now a days locust attack also threatens 
the Pakistan crop production and make it dire need to 
provide quality pesticides to farmers and other pest 
control department/agencies in Pakistan. Reduction in 
direct cereal crop yield from 10-50% and indirect 20-
80% is reported due to aphids (PARC, 2014) and 12% 
loss in cotton crops yield due to insect pests (NIAB, 
2019).
High temperature and humidity make the atmosphere 
very conducive for rapid multiplication of insect pests in 
tropical countries (Abhilash and Singh, 2009; Zulifqar 
et al., 2010; Jaworski and Hilszczański, 2013; Khaliq et 
al., 2014). Therefore, a number of different pesticides 
are applied to combat these pests in order to increase 
per acre crop yields (Nakano et al., 2004; Wanwimolruk 
et al., 2015; Rahman and Chima, 2018). The chemists 
have formulated pesticides of novel chemistries such 
as organochlorine (OC), organophosphates (OP), 
carbamates, pyrethroids, heterocyclic pesticides, 
nitro compounds and amides. The famers use these 
pesticides with recent induction of bio-pesticides 
(Carvalho, 2017) intensively and regularly as an 
effective tool of plant protection measures (Mavrikou 

et al., 2008; Sharifzadeh et al., 2018) and crop 
productivity. 
The use of adulterated or substandard pesticides not 
only results in reduction of  crop yield  but also help 
in developing resistance in that very pests against 
the applied chemistry of the pesticides (FAO, 2012). 
In nutshell, the action against the use and marketing 
of such substandard pesticides is the dire need of the 
current scenario for uplifting an agricultural country 
like Pakistan. Effective quality monitoring programme 
of pesticides products boost the national capability for 
better pest control, minimize the adverse effects on 
environment and adverse impact on human health. 
Moreover, the efficacy of applied pesticides is also 
influenced by active ingredient used, the procedures 
and the equipment used for the application in the 
field, and physical characteristics of formulation. The 
poor efficacy of the used pesticides adversely affects 
human health and environments. By emphasizing 
on human health specially personnel dealing directly 
with pesticide application and handling, the overall 
toxicity, adulteration and the type of inert materials 
of the pesticide formulations are of core importance 
(Vandrooge et al., 2001).
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Under certain legislative controls, all the regulatory 
authorities all around the world monitor the 
quality control and quality assurance of pesticide 
products, particularly active ingredient content and 
physiochemical properties of pesticide formulations 
in general for their effectiveness and stabilities (IAEA, 
2009).
The quality criteria outlined in the new procedure for the 
development of FAO Pesticide Specifications generally 
require collaboratively tested and validated methods 
approved by the Collaborative International Pesticides 
Analytical Council (CIPAC) or the Association of Official 
Analytical Chemists (AOAC, 2011). Pesticide Quality 
Control Programme (PQCP) is a multidisciplinary 
approach, involving pesticide testing laboratories 
(Research Wing), Agricultural extension, Pest warning 
and quality control of pesticides (Punjab), federal 
Department of Plant Protection and Law enforcing 
agencies including Judiciary. Documentation of 
analytical reports in the laboratories is quite essential to 
inline quality control programme. Consequently, large 
amounts of previous data must be processed, stored 
and traceable for evaluating quality control programme 
impact, at least at laboratory level (Marrella, 2009;  
Shoda et al., 2018) and to assure high crop yield, use 
of quality pesticide is indispensable input for plant 
protection purpose (Rahman and Chima, 2018).
Pesticide Quality Control Program in the Punjab started 
with the establishment of Plant Protection Directorate 
in 1970 at Faisalabad and Pesticide Quality Control 
Division for analysis and research on pesticide quality. 
To regulate the import, manufacturing, distribution 
and the use of these pesticides, the Govt. of Pakistan 
launched Agriculture Pesticides Ordinance 1971 and 
rules 1973 amended in 1997 (Anonymous, 1997). To 
make the PQCP more effective, further amendments 
were also made in APO 1971 by Govt. of Punjab and 
provincial government adopted it as Punjab Agricultural 
Pesticide Act 2012, effective after 18th constitutional 
amendment. Presently, four pesticide quality control 
laboratories are functioning under this Act to assess the 
quality of marketed pesticides in the Punjab. Objective 
of this paper is to describe how pesticide quality is 
controlled in Punjab by Government of Punjab through 
Quality Control Laboratories.

MATERIALS AND METHODS
Randomly taken pesticides samples were collected 
from the market, company’s ware houses and dry 
port of Punjab by Punjab Govt. nominated pesticide 
inspectors as per annual target and sent these to four 
Pesticide Quality Control laboratories for physical and 
chemical analysis. Study was conducted at Institute 

of Soil Chemistry and Environmental Sciences, AARI, 
Faisalabad during 2017.

Chemical analysis of active ingredient
Active ingredients were determined mostly through 
High Performance Liquid Chromatography (HPLC), 
Gas Chromatography (GC), UV Spectrophotometry 
and a few through chemical digestion and titration 
as described by the Ordinance (Anonymous, 1997) 
by using methods given in CIPAC, AOAC, FDA, 
Manufacturer method and In-house validated methods. 
For example, Clodinafop Propergyle was analyzed on 
HPLC by using CIPAC method 683.225/TC/M, Lambda 
Cyhalothrin was analyzed on GC by using CIPAC 
method 463/TC/M, Glyphoste was analyzed on HPLC 
by using AOAC method 996 (7.7.11), Mancozeb was 
analyzed by digestion/ titration method using CIPAC 
handbook 1 and Cartap was analyzed on UV-Vis 
Spectrophotometer etc.  

Tolerance limits
Fitness of pesticide sample on active ingredient (a.i.) 
content was evaluated according to the appropriate 
contents and tolerance limits described by Food and 
Agricultural Organization of the united nation (FAO, 
1999) and is given in Table 1.

Table 1. Content of active ingredient and tolerance limits
Declared content 
in g kg-1 or g L-1 at 
20±2°C

Tolerance

Up to 25

± 15%  of the declared content for 
homogeneous formulations (EC, SC, 
SL etc.) or ±25% for heterogeneous 
formulations (GR, WG etc.)

Above 25 up to100 ± 10% of the declared content
Above 100 up to 250 ± 6% of the declared content
Above 250 up to 500 ± 5% of the declared content
Above 500 ± 2.50

Physical analysis
For ensuring uniform distribution of pesticides and to 
restrict the content of unwanted and insoluble particles 
of sizes which could cause the blockage of sprayer 
nozzles or filter, the different physical properties of 
pesticide formulations were tested as described by 
Collaborate International Pesticides Analytical Council 
(CIPAC) and Food and Agriculture (FAO). Different 
physical properties like wet sieve test for wetable 
powders (WP), water dispersible granules (WDG/
WG), Aqueous capsule suspension (CS), dispersible 
concentrate (DC) water soluble tablets (ST), and water 
dispersible tablets (WT), and dry sieve test for dustable 
powders (DP) and granular formulation (GR), and 
emulsion stability test for emulsifiable concentrates 
(EC), were performed as described in CIPAC (Ashworth 
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et al., 1970). The criteria and tolerance limit set for wet 
sieve and dry sieve test is shown in Table 2.

Table 2. Criteria and tolerance limits for wet sieve and dry sieve
Name of test Tolerance criteria/fit criteria
Dry sieve test 
for DP dustable 
formulation (DD)
Dry sieve test 
for granules 
formulation

If material retained on 250 micron sieve 
(BS-60 mesh) is less than 5%. Formulation 
DP is rated fit &
If material passed through 250 micron 
sieve (BS-60 mesh) is less than 5%. 
formulation GR is rated fit

Wet sieve test for 
WP, WDG, DC, 
ST, WT etc. 

If material retained on 75 micron sieve 
(BS-120 mesh) is less than 2%, the tested 
formulation is rated fit

Emulsion stability test was performed to ensure that a 
sufficient amount of active ingredient is homogeneously 
dispersed in emulsion to give a satisfactory and 
effective mixture during spraying. The formulation (5 
ml) was diluted at 30± 2oC with 95 ml standard water D 
(hardness 342 mg/L, pH 6.0- 7.0, Ca: Mg = 80: 20) and 
was observed to comply with the following in Table 3.

Table 3. Emulsion stability test criteria tolerance limits for EC 
Time after 

dilution Limits of stability
0.h Initial emulsification Complete

0.5h Cream maximum 2%
2.0h Cream maximum 4%

Free oil Nil
24.0h Re emulsification Complete
24.5h Cream maximum Nil

Free oil Nil
Note: Test after 24 h was done only where results at 2h were in doubt, h = hour

RESULTS AND DISCUSSION
The import of pesticides in Pakistan has been shown 
in Table 4. The data showed an increasing trend in 
pesticide import, reaching maximum of 38227 tons in 
2009-10 and then decline in import of pesticides.

Table 4. Consumption of pesticides in Pakistan from 2006 - 2016

Year Quantity
(insecticides) Value

(Tons) (Rs. M)
2006-2007 29089 5848
2007-2008 27814 6330
2008-2009 28839 8981
2009-2010 38227 13473
2010-2011 36183 13178
2011-2012 32152 12255
2012-2013 17882 12772
2013-2014 23546 14058
2015-2016 (Mar-July) 15540 12089

This may be due to introduction of Bacillus 
thuringiensis in cotton plant against bollworms and 
cultivation of this newly introduced Bt cotton on more 
than 80% area under cotton crop (Bilal et al., 2012). 
The pesticide samples received and analyzed in the 
Pesticide Quality Control (PQC) Laboratories were of 

two categories. Category-I samples included all those 
samples which were collected through nominated 
inspectors of Agriculture Department under section 
17 while Category-II samples included all the samples 
collected under Section 20 through private purchaser 
or farmer (Anonymous, 1971).
The number of pesticides samples of category-I 
received from 2007-8 to 2016-17 were almost 8000 
samples for quality control analysis from all over 
the Punjab with increasing trend each year except 
2009-10. Figure 1 reveals that the highest number of 
samples (9578) were analysed last year in 2016-17, 
while minimum number of samples (4960) in 2009-10 
during the last 10 years. Based upon pesticide quality 
control analysis, the number of samples declared 
fit and unfit (Fig. 1). The criteria used for fitness of 
pesticide samples were same as described by FAO 
(FAO, 1999, 2006). The ratio of 4-5% unfit samples is 
quite parallel to the findings of FAO i.e. 5% calculated 
on the basis of FAO survey conducted in 25 countries 
in 2009. However, 5% chance of unfit pesticides is 
still questionable. This showed that tested pesticide 
products are still a critical problem in both industrialized 
and developing countries (FAO/WHO 2010).

In Pakistan, there would be a difference between 
survey reports regarding the substandard pesticides 
at country level and the results reported by the PQC 
laboratories at micro level i.e., at the Punjab level 
but the scenario of pesticide quality of the whole 
country might be different. However, the percentage 
of unfit samples decreased significantly when the 
anti-adulteration campaign was made more effective 
with the establishment of Task Force by Agriculture 
Department and it remained almost 4-5% on an 
average in the last 10 years depicted in Fig. 2. This is 
a very positive indication regarding the improvement 
and maintenance in quality control of pesticides. This 
might be due to joint efforts of Agriculture Department, 
Judiciary and law enforcing agencies involved in the 
campaign and it also reflected the commitment of 
Government of the Punjab to provide standard inputs 
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to the farmer community. As a result of this campaign, 
the existence of small groups involved in the pesticide 
business and, in marketing the substandard pesticides 
has become difficult. Only those companies have 
survived, which have their own quality control system 
to assure its quality before marketing the product 
(Faisal, 2017).

Substandard pesticides in the market may be due to 
some certain reasons like faulty formulation, most of 
the dealers are involved in using names and packing 
of registered companies, farmers, especially in 
remote districts, have easier access to sub-standard 
pesticides, some seasonal companies, which appear 
through massive advertisements and disappear after 
the sowing period selling substandard pesticides 
(Faisal, 2017) and improper storage conditions during 
transportation- and many others etc. (ADB, 1987). 
Comparing the rate of unfit samples in generic and 
branded pesticides, more number of pesticides 
samples was found unfit in generic rather than 
branded pesticides. The trend in generic and branded 
unfit samples during the years 2006-07 to 2016-17 
has been shown in Fig. 3. The rate of unfit samples 
under generic were found almost 2 to 3 times more 
than branded samples indicating better quality of the 
pesticide maintained by the multi-national companies. 

This may be due to fact that mostly products of 
multinational companies are registered as branded 
and these firms may not compromise on the quality of 

their product (ADB,1987). These companies assured 
the quality of their products for prescribed time by using 
high quality organic solvents, emulsifier, surfactants 
etc. as carrier/ inert material. This indicates that 
although the import of pesticide under generic scheme 
reduced its prices, but their quality is questionable to 
some extent.

CONCLUSION
By the joint efforts of PQCLs, Task Force of Agriculture 
Department, Judiciary and law enforcing agencies the 
percentage of unfitness of pesticides in Punjab has 
reduced up to 4.5% from 50% in 1984-85, 16% in 1993-
94. The lowest unfit percentage of pesticides (2.31%) 
was recorded in 2015-2016, followed by 4.50% in 3.31% 
in 2010-11. The agencies marketing branded pesticides 
assured better quality of their product as compared to 
the agencies marketing generic pesticides. Again, to 
make the PQCP more effective, further amendments in 
APO are needed being the provincial subject after 18th 
constitutional amendment.

REFERENCES
Abhilash, P.C. and N. Singh. 2009. Pesticide use 

and application: an Indian scenario. J. Hazard 
Mater. 165(1-3): 1-12.

Anonymous. 1997. Agricultural pesticides ordinance 
(amended up to 1997) and Rules 1973. Directorate 
General Agriculture (Ext. and AR), Punjab, Lahore.

Ashworth, R.D.B., J. Henriet and J.F. Lovett. 1970. 
CIPAC Handbook. Analysis of technical and 
formulated pesticides. Vol. I. Collaborative 
International Pesticides Analytical Council Limited. 
Plant Pathology Lab. Hatching Green, Harpenden, 
Hertfordshire, England. p. 875-983.

ADB. 1987. Handbook on the use of pesticides in Asia 
Pacific region. Manila, Philippines.

AOAC. 2011. Official Methods of Analysis: Agricultural 
Chemicals, Contaminants, Drugs. (Ed. K. Helrich) 
Association of Official Analytical Chemists, INC. 
Suite No. 400, 2200 Wilson Boulevard, Arlington, 
Virginia 22201 USA. p. 1-140.

Bilal, M.F., M.F. Saleem, M.A. Wahid, A. Shakeel and 
M. Maqbool. 2012. Adoption of BT Cotton: Threats 
and Challenges. Chilean Journal of Agri. Res. 72 
(3):419-428. 

Carvalho, F.P. 2017. Pesticides, environment, and food 
safety. Food and Energy Security, 6(2):48-60.

Faisal, A.G. 2017. Spurious pesticide sales need 
to be stopped. online: https://www.dawn.com/
news/1307204. Published in Dawn, Business & 
Finance weekly. 

FAO. 1999. Manual on the development and use of 
FAO specifications for plant protection products. 



J. Agric. Res. 2020, 58(3)

                                                                           Assessment of pesticides for quality control  

175

5th Ed. FAO plant production and protection paper 
No. 149. Food and Agriculture Organization of the 
United Nations. p. 17-19.

FAO. 2006. Manual on development and use of FAO 
and WHO specifications for pesticides, Rome.

FAO/WHO. 2010.  Joint meeting on pesticide 
management & 6th session of the FAO panel of 
experts on pesticide management. October 5-8, 
Geneva. p. 1-46.

FAO. 2012. Guidelines on Prevention and Management 
of Pesticide Resistance, September 2012, Rome.

IAEA. 2009.  Joint prepared Quality Control of Pesticide 
Product in Division of Nuclear Techniques in Food 
and Agriculture, July, Vienna. p. 1-241.

Jaworski, T. and J. Hilszczański. 2013. The effect of 
temperature and humidity changes on insects 
development their impact on forest ecosystems 
in the expected climate change. Forest Research 
Paper 74(4):345-355.

Khaliq, A., M. Javed, M. Sohail and M. Sagheer. 
2014. Environmental effects on insects and their 
population dynamics.  J. Entomology and Zoology 
Studies 2(2):1-7.

Marrella, A. 2009. Laboratory Quality Assurance 
and Quality Control Guidance Data Quality 
Assessment and Data Usability Evaluation 
Guidance Document.79 Elm Street, Hartford, CT 
06106. p. 1-135.

Mavrikou, S., K. Flampouri, G. Moschopoulou, O. 
Mangana, A. Michaelides and S. Kintzios. 2008. 
Assessment of organophosphate and carbamate 
pesticide residues in cigarette tobacco with a novel 
cell biosensor. Sensors. 8:2818-2832.

Nakano, Y., A. Miyazaki, T. Yoshida, K. Ono and T. 
Inoue. 2004. A study on pesticide runoff from 
paddy fields to a river in rural region 1: field survey 
of pesticide runoff in the Kozakura River, Japan. 
Water Research 38:3017-3022.

NIAB. 2019. Plant Protection Division. Online: http://
www.niab.org.pk/plantprotection_division.htm

PARC. 2014. Insect Pest Management Program. 
Online: http://parc.gov.pk/index.php/en/faqy/113-
narc/nimip/374-ipmp-achievements.

Rahman, S. and C.D. Chima. 2018. Determinants 
of Pesticide Use in Food Crop Production in 
Southeastern Nigeria. Agriculture 8(35):2-14.

Sharifzadeh, S.M., G. Abdollahzadeh, A.D. Christos 
and R. Rezaei. 2018.  Farmers’ Criteria for 
Pesticide Selection and Use in the Pest Control 
Process. Agriculture 8(24):2-16.

Shoda, M.E., H.L. Nowell, W.W. Stone, M.W. 
Sandstrom and L.M. Bexfield. 2018. Data Analysis 
Considerations for Pesticides Determined by 
National Water Quality Laboratory Schedule 
2437. National Water Quality Program Series 
Name 2018-5007 U.S. Deptt. of the Interior U.S. 
Geological Survey.

Vandrooge, H.L., C.N. Groeneveld and H.J. Schipper. 
2001. Data on Application frequency of pesticide 
for risk assessment purposes. Ann. Occup. Hyg. 
45(1001):95-101.

Wanwimolruk, S., O. Kanchanamayoon, K. Phopin 
and V. Prachayasittikul. 2015. Food safety in 
Thailand 2: Pesticide residues found in Chinese 
kale (Brassica oleracea), a commonly consumed 
vegetable in Asian countries. Sci. Total Environ. 
532:447-455.

Zulfiqar, M.A., M.A. Sabri, M.A. Raza, A. Hamza, A. 
Hayat and Ahsan. 2010. Effect of Temperature and 
Relative Humidity on the Population Dynamics of 
Some Insect Pests of Maize. Pak. Journal. Life 
Soc. Sci. 8(1):16-18.



J. Agric. Res. 2020, 58(3)

S. Hussain et al.

176

CONTRIBUTION OF AUTHORS

S. No. Author’s name Contribution Signatures

1. Sarfraz Hussain Supervised the research work

2. Muhammad Awais Khalid Supervised Lab analysis

3. Muhammad Javaid Ahmad Analyzed samples on GC

4. Ehsan ul Haq Analyzed samples on HPLC

5. Sarfraz Nawaz Analyzed samples on UV-Vis spectrophotometer

6. Ghulam Yaseen Analyzed sample on HPLC and physical analysis 
of samples

7. Safia Riaz Analysed data

8. Muhammad Arif Collected the samples

9. Khaliq ur Rehman Arshad Wrote up the manuscript

10. Zia Chishti Reviewed the paper


