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ABSTRACT 
 

This study was carried out to see the occurrence and level of pesticide residues in stored wheat grain 

samples. Wheat grains were collected from different godowns located in Faisalabad district. Weedicide 

residues in wheat grains were analyzed by using thin plate liquid chromatography and validated high 

performance liquid chromatography. On the basis of extent of inhibition of the Hill reaction, it was found 

that the level of atrazine was (0-0.028 ngkg
-1

) and the level of isopproturon was (0-0.024 ngkg
-1

) in test 

samples. The calculated values were below the Maximum Residue Limit (MEL) i.e. 100 ngkg
-1

 for atrazine 

and 2200 ngkg
-1

 for isoproturon. It was found that presence of herbicide residues in stored wheat was 

negligible. Further, on wheat grain samples placed in jars and treated with deltamethrin and cypermethrin 

@0.4 and 0.8% concentration. The persistency data was calculated after 1 hour, 7, 15 and 30 days of 

treatment. The grain protectants were continuously degraded with the passage of time and after the 30 days 

the amount of residues of the grain protectants was found to be very small. It was concluded that the use of 

the grain protectants in the powder form in combination with other botanicals on stored wheat samples is 

feasible to reduce the insect pest in stored grains. 

 

1.INTRODUCTION 
 

Wheat, Triticum aestivum L. is most important cereal crop worldwide. It is known as the ‘King of 

cereals’. About 681 MT of wheat is produced annually on 225 mha of total cultivated world 

production area (Rehman et al. 2013). Pakistan is 8
th
 largest country in wheat grain production. In 

Pakistan, it contributes 2.6% to GDP. Wheat grain production in current year is 24000 MT in 

Pakistan (Indexmundi, 2013). Various pesticides are widely being used during cropping period 

and grain storage to protect food commodity from pest attack. The production loss is about 40% 

without the use of pesticides (Riazuddin et al. 2011a). About 9% of grain losses are due to stored 

product insects in developed countries and more than 20% in the under developed countries 
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(Phillips and Throne 2010). 

 

 

 

Insecticides, herbicides and fungicide application play a vital role in modern crop production 

technology (Riazuddin et al. 2011b). Several grain protectants are used alone and in a 

combination to control stored grain pests. The grain protectants include fenitrothion, malathion, 

pirimifos methyl, cypermethrin, deltamethrin and diatomaceous earth (Daglish, 1998). No doubt, 

pesticide application can control every kind of pest but these chemicals leave certain residues in 

commodities (Cesnik et al., 2007; Anwar et al., 2011). The overuse of insecticides left residues in 

cereals grains. Presence of pesticide residues in food products has hazards to non-target mammals 

and our environment (Chitanat et al., 2008). When these residues enter in the food chain, they are 

results public health risks (Khan et al., 2007). To avoid potential hazards due to insecticide 

application, developed countries have established Maximum residue Levels (MRL‘s) of  

insecticides (Pang et al. 2009). However, pesticides should be selected on the basis of minimum 

mammalian toxicity to minimize the residual toxicity level in agricultural commodities 

(Riazuddin et al. 2011b). 
 

Weeds  reduce  the  grain  yield  (Najafi  and  Tollenaar  2005).  Weeds  should  be  managed  via 

integrated weed management systems to avoid grain yield loss (Mohler 2001). Use of fertilizer 

can reduce weed growth (O’Donovan et al. 2001). Herbicides have been used for weed control 

for more than 30 years (Zand et al., 2007). Nowadays, herbicides play an integral part in weed 

management (Rao 2000; Baghestani et al. 2005). But most of herbicides used cannot significantly 

control the weeds (Najafi and Ghadiri 2012). 
 

Atrazine is a triazine herbicide with chemical formula (6-chloro-N-ethyl-N´-(1-methylethyl)-

1,3,5-triazine-2,4-diamine). It was introduced in 1950 (Steinberg et al. 1995). It is topmost used 

weedicide which is applied in 70000-90000 tons per year (Steinberg et al. 1995). The European 

Union has banned atrazine in 2004 (European Commission 2004). About 1% of atrazine is mixed 

in underground water per year (Freeman et al. 2011) and it can move upto 1,000 km from the 

source in our ecosystem (Mast et al. 2007; Thurman and Cromwell 2000). It is endocrine disrup-

tor in mammals (Hayes et al. 2010) birds and rodents (Matsushita 2006; Friedman 2002). 
 

Isoproturon is a selective herbicide with chemical formula (3-(4-isopropylphenyl)-1,1-

dimethylurea). It is used to control broad-leaved weeds (Mamy et al. 2011; Sørensen et al. 2003). 

The degradation of isoproturon in soil is biological (Sørensen et al. 2003). Its laboratory half-life 

is (6-223) days (Alletto et al. 2006). 
 

Cypermethrin is a synthetic type II pyrethroid with chemical formula [(R,S)-alpha-cyano-3-

phenoxybenzyl (IRS)-cis, trans-3-(2,2-dichlorovinyl)-2,2-dimethyl cyclopropane carboxylate]. It 

is a derivative of Chrysanthemum indicum (Solati et al. 2010). Cypermethrin is a fourth-

generation insecticide (Elbetieha et al. 2001). It can cause severe adverse effects in invertebrates 

and vertebrates as well (Gowlan et al. 2002; Das and Mukherjee 2003). It is a neurotoxicant 

(Wolansky and Harril 2008). 

 

In order to determine the degree of pesticide residues in food commodity, a number of monitoring 

programs are implemented nowadays. To determine pesticide residues in stored cereal grains, use 

of gas chromatography technique (GC/MS) along with (ECD, FID) is becoming popular (Uddin 

et al. 2011). Guo-Fang et al. (2006) reported that about 405 of pesticides residues can be 
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measured by using GC/MS and LC–MSMS technique in agricultural commodities. Aldana-

madrid et al. (2008) analyzed 135 grain samples from different storage sites. It was found that  

 

 

residues of Malathion, chlorpyrifos, deltamethrin, cypermethrin, 4,4-DDE, 4,4-DDD and 4,4-

DDT were present in significant amounts in tested grains. 

 

In this study, we have investigated the presence and magnitude of pesticide residues in stored 

wheat grain samples collected from different godowns. The weedicides and grain protectants 

residues present in stored wheat will be determined by thin plate liquid chromatography and 

validated high performance liquid chromatography. 
 

2. MATERIALS AND METHODS 
 

2.1 Wheat Sampling 
 

Wheat grain samples of 1.00Kg were collected from various godowns of food department located 

in Faisalabad district. All collected samples were stored at 4
o
C for residual analysis of atrazine 

and isoproturon. 
 

 

2.2. Weedicide Residual Analysis 
 

 

Methods for the determination of weedicide residues are continually being revised and improved 

with new and conventional techniques. Following steps are involved in determination of 

weedicide residues. 

 

2.2.1 Extraction of Herbicide Residues from wheat Samples 
 

 

Many solvents like n-hexane, petroleum ether, methylene chloride and acetone or ethyl acetate 

have been used as extraction solvents in the past (Cairns et al., 1993). In the present study, 100g 

sub-sample was taken from each sample. These samples were put in the deep freezer to avoid 

herbicide degradation. Half of the sub-sample (50g) was taken to blend for 2-3 minutes in 20ml 

of distilled water. The mixture was left to stay for 15 min so that wheat grains become well 

soaked. Thereafter, 20g anhydrous Sodium sulphate was added to it so that it can absorb the 

remaining water, and 50ml of ethyl acetate was added to it and blended for 3 min. The solvent 

layer was filtered with whatman filter paper (42). Then this extract was transferred in to round 

bottom flask. Further, the sample volume was reduced up to 1ml using rotary evaporator. The 

final volume was evaporated in water bath (40oC) with nitrogen stream to dryness and the 

residues were re-dissolved in 0.5 ml (cyclohexane: ethyl acetate; 1:1 ratio) and Gel Permeation 

Chromatography technique was performed for cleaning up. Then the sample was analyzed with 

TLC technique by using photosynthetic inhibition method (Hill reaction). 

 

2.2.2 Gel Permeation Chromatography  
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Gel permeation chromatography has been widely used for the cleanup of various sample matrices, 

with several gel solvent systems. One of the most applicable gel is Bio Bead SX-3, its 

applicability has been tested for a large number of pesticide residues (Anderson and Ohlin, 1986). 

Gel permeation chromatography (9GPC) technique is used to separate the liqueid fraction when 

preparing fat, oils and plant extract for multi-residue pesticide analysis (Patterson, 1991). 

Samples containing high amount of fat or oil as well as coloring materials are often analyzed for 

pesticide residues, environmental contaminants or in toxicological studies. The cleanup of such 

samples can be carried out more efficiently, faster, simpler with gel permeation chromatography 

then applying the solvent partition. 

 

2.2.2.1  Filling of column 

 

A GPC column was washed and it was placed in the oven at 80
o
C for more than six hrs. About 6g 

of Bio Beads SX-3 was taken in a long neck cylinder and added 50ml mobile phase (ethyl acetate 

and cyclohexane in 1:1 ratio). The Bio Beads was left over in the cylinder for 4-5 hours. After 

5hrs, the Biod Beads swelled up from 7ml up to 24ml in the cylinder. Then a fFilling Bottle was 

washed and placed in the oven at 100
o
C for 2hrs to avoid moisture. Bio Beads along with ethyl 

acetate and cyclohexane was placed in the Filling Bottle and the Bottle got attached 
 

with nitrogen cylinder. Eventually, GPC column become filled with Bio Beads. The nitrogen gas 

was passed at a pressure of 2 bars from the Bottle. As the gas filled inside the bottle, it was 

started to move from Bottle into the column along with mobile phase. During the filling of 

column, the mobile phase was kept in continuous agitation so that all the Bio Beads moved from 

the Bottle into the GPC column. Care was taken during the transforming of Bio Beads along with 

mobile phase from Bottle into GPR column and there was no bubble formation in the column. 

The mobile phase passed from the column and was collected in the conical flask. 
 

2.2.2.2  Procedure for cleaning the oil from wheat samples 
 

Two small centrifuge tubes were taken. Pesticide was taken in on one tube and oil in the other. 

The flow rate of the mobile phase was maintained at 1.5 per minute. The reservoir of the GPC 

instrument was filled with mobile phase (ethyl acetate and cyclohexane in 1:1 ratio) up to 800ml. 

About 0.5ml of the mobile phase was collected with Hamilton micro syringe. The syringe was 

emptied in those glass vials, which contained the evaporated sample. The vials were allowed to 

shock in a mini-shaker. Then the entire sample was collected in Hamilton micro syringe. The 

syringe was injected in GPC column at the inject sport. The sample, which came first from the 

column into the oil tube tend to change its color from yellow to transparent. This transparent 

sample was collected in the pesticide tube up to 11ml. Then it was transferred into another vial. 

This oil free sample containing pesticide was poured under the nitrogen gas so that all the mobile 

phase got evaporated from the sample. The micro syringe was washed twice or thrice with 

acetone. Further 0.5ml of the mobile phase was collected in Hamilton micro syringe and added 

into another vial containing evaporated sample. The vial containing sample was allowed to shock 

in a small agitator or minishaker. Then the entire sample was collected in Hamilton micro syringe  

and injected into GPC column at the injector sport. The whole procedure was repeated using 

nitrogen gas in spite of pesticide. Same procedure was repeated for all samples. 
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2.2.3 Thin Layer chromatography (TLC) 
 

The technique (HPTLC) is capable of producing fast, high-resolution separation and quantitative 

results with accuracy and precision with those obtained by gas chromatography (GC) and high 

performance liquid chromatography (HPTLC). The commission on pesticide chemistry has 

concluded that TLC is useful in multiresidue determination and qualification of the most 

important classes of pesticides (Batora et al., 1981). 
 

2.2.3.1  Hill reaction Method 

2.2.3.1.1 Extraction of Chlorophyll Suspension 
 

Fresh wheat leaves (30 gram) were taken as test samples. These leaves were grounded in mortar 

and pestle until the mixture become completely homogenized. About 3ml glycerin and 15 ml 

distilled water was added into the mixture. This chlorophyll suspension was transferred in four-

layer gauze Knapsack over a conical flask. The suspension was pressed with hand through thin 

cloth to get chlorophyll from leaves, flask was wrapped with aluminum foil and the extract was 

stored in refrigerator. 
 

2.2.3.1.2 Preparation of reagent solutions 
 

Borax buffer solution 
 

Sodium borate solution was prepared by dissolving 9.5g of sodium borate in 500ml distilled 

water. The 350ml solution was mixed with 150ml 0.1 N HCL for making borax buffer solution 

and stored in refrigerator. 
 

DCPIP Solution 
 

200mg of 2.6-dichlorophenol-indophenol Na-salt was dissolved in 500ml borax buffer solution 

and stored in refrigerator. 
 

Detecting reagent 
 

Wheat (10ml) extract was mixed with 10ml of DCPIP solution and then added DCPIP solution 

drop-wise until the color of mixture became bluish green. This solution was enough for four 

plates of size 20x20cm. 

 

Methodology 
 

Ready-made Silica gel 60 glass plates 20x20cm with 0.25mm layer thickness was activated at 

105oC for 30 minutes. The plates taken out from the oven were fixed in spotting rack and spotted 

the plates with samples extract with authentic standards according to pre-written scheme. These 

plates were developed in a saturated tank with ethyl acetate. After developing the plate, the extra 

solvent was evaporated in fume hood; the plate was sprayed with reagent solution (DCPIP-

chlorophyll) and put under light (60W bulb) for 5 minutes for the maximum visibility of sports. 

Measurements of sport area were performed immediately as spots disappear within 10 minutes. 

The color of the spot was bluish against the greenish background. Quantitative analysis was made  
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comparing the average sport diameter of standard. Rf values of each compound was calculated 

and compared with the standard. The concentration of each compound was calculated by 

comparing the average spot are (horizontal and vertical area). 
 

2.2.4 High Performance Liquid Chromatography (HPLC) 
 

Today many sophisticated techniques are used to the determination of pesticide residue in 

vegetables, fruits, grains and water (Ritcher et al., 2001). Sample of wheat grains were analyzed 

by HPLC to compare the results f gas chromatography and thin layer chromatography following 

the methods of (Ohlin, 1986; Dekok and Hiemstra, 1992). 
 

One kg of wheat was collected in 8 jars having capacity of 1 ½ Kg. Deltamethrin and 

cypermethrin were sprayed in the concentration of 0.4 and 0.8% on wheat grains present in these 

jars. Pesticide solution @ 25ml/Kg was used for spraying the wheat grains in each jar. 
 

2.2.4.1  Preparation of mobile phase for HPLC 
 

Acetonotirile and water (80:20) mobile phase was used for detection of pyrethroid insecticides 

present in stored wheat grains. Mobile phase was filtered through 0.45µm filter paper with 

filtration assembly. After filtration, the mobile phase was sonicated for 15 minutes for complete 

eradication of air bubbles/dissolved oxygen from it. 
 

3. RESULTS AND DISCUSSION 
Part A 

3.1 Validation of Thin Layer Chromatographic (TLC) methods 
 

Validation is a pre-requisite of any reliable chromatographic analysis (Levison et al., 1997). 

Many chromatographic parameters have been proposed for inclusion in the validation process, 

such as linearity of the calibration curve, sensitivity and selectivity of solute detection, instrument 

precision, detection limit, quantification limit, recovery and ruggedness (Lee et al., 1995). Before 

analysis of the actual samples of wheat, TLS detection methods were validated and results are 

presented in (Table 1) and graphically represented in Figure 1. On the basis of validation of the 

TLC method, the Rf and MDQ values of this method were used to assess the presence of 

weedicide residues in stored wheat. 
 

Table 1: Rf and MDQ values of standard of weedicides by Hill raction through TLC method. 
 

Weedicides Rf value MDQ(ng) 

Atrazine 0.63 0.5 

Chlorbromuron 0.62 2.2 

Chlortoluron 0.53 2 

Isoprotron 0.42 2.2 

Linuron 0.61 2 

 

Rf values are mean of 5 replicates 

MDQ=maximum Detectable Quantity 

 

3.2 Behavior and Residual Analysis with TLC method 
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Linear response was observed between quantity of pesticide and average spot diameter 

(horizontal and vertical diameter) in TLC detection method. Wheat samples were extracted by 

ethyl acetate and analyzed by TLC-Hill reaction method, which was very sensitive for the 

detection of herbicide residues. The extract was spotted on silica gel plate, which was developed 

in mobile phase (efhylacetate) and spot visibility was determined after spraying chlorophyll-

dichlorophenol indophenols sodium reagent solution (10:5ml). Rf value and average spot 
 

diameter were measured and atrazine and isoproturon residues concentration in ppb were 

calculated comparing the standard regent spot diameter. 

 
Table 2: Weedicide residues (ppb) in stored wheat in relation to different godowns 

 

Weedicide    Weedicide residues in stored wheat(ppb)*    

     Sampling Sites (godowns)     

 1 2 3 4 5 6 7 8 9 10 11 12 Rf 

Atrazine 28.4 28.4 N.D 28.4 28.4 N.D 25.1 26.8 19 N.D 19 24 0.63 

              

Isoprotron N.D 18.0 N.D N.D N.D 15.5 18 N.D N.D 19.5 22 20.5 0.42 

              

 

*Values are the mean of 3 samples from different stored godowns 

 

The quantity of atrazine and isoproturon in wheat samples were calculated comparing the average 

spot diameter of standard spot of the atrazine and isoproturon on the same plate under same 

condition. The results have been shown in Table 2. 
 

3.3 Weedicide residues (ppb) in stored wheat in relation to different godowns 
 

The data presented in (Table 2) revealed that the residues of atrazine in wheat grains at 3,6 and 10 

sample sites (godowns) were not detected. The 3 sites (Godowns) 1, 2 and 4 contained the 

maximum amount of residues, which was 28.4 ng/g, where as the remaining sites contained the 

atrazine, residues ranging between 19.5 to 26.8 ng/g. It means that the range of atrazine residues 

was between 0 and 28.4 ng/g from all these sites in Faisalabad district. Thus, the values were 

below the maximum residue limit (MRL) which was 100 ngKg
-1

 for atrazine. The data (Table 3) 

further revealed that highest residues of isoproturon (24 ng/g) were detected from sample site 12. 

The residues of isoproturon in wheat grains collected from 1, 3, 4, 5, 8 and 9 sample sites 

(Godowns) were not detected, whereas the remaining sites contained the isoproturon residues 

(15.5-22 ng/g). It means that the range of isoproturon residues was between 0 and 24 ng/g. The 

results revealed that isoproturon residues w (0-24 ng/g) from all these sites in Faisalabad district. 

Thus, the values were far below the maximum residue limit (MRL) which was 2200 ngkg
-1

 for 

isoproturon. 

 

3.4 Statistical Analysis 
3.4.1. Weedicide residues in relation of different godowns 
 

The analysis of variance of data regarding variation between samples and between weedicides 

within wheat grains showed highly significant difference, i.e. F (11,23) = 250.42, p<0.00. 
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(DMRT at 5%) indicated the highest quantity of weedicide residues (23.19 and 22.26 ppb) 

insample site 2 and 12 which were statistically similar to each other. These sample sites were also 

statistically similar to sample site 7 (21.54) but were significantly different from sample site 11 

(20.48 ppb). The latter two were being statistically non-significant from each other. The sample 

sites 1 (14.19), 4 (14.21), 5 (13.42) and 8 (13.42) did not differ significantly from one another but 

were statistically different from the remaining sites. Sample sites 9 (9.47 ppb) and 10 (9.75) also 

did not differ statistically from each other. Sample site 6 showed statistically the lowest mean 

value of 7.75 ppb. No residues could however be dedicated in the sample site 3. 
 

Table 3: Mean values of weedicide residues in relation to different sample sites (godowns) 

 

Sample Site (godowns) Weedicide residues 

  

1 14.19 c 

  

2 23.19 a 

  

3 0.0000 f 

  

4 14.21 c 

  

5 13.42 c 

  

6 7.750 e 

  

7 21.54 ab 

  

8 13.42 c 

  

9 9.475 d 

  

10 9.750 d 

  

11 20.48 b 

  

12 22.26 a 

 

Means sharing same letters are not significantly different by DMR test at p<0.05. 

 

3.4.2 Weedicide residues in relation to interaction between Godowns x Weedicides  
 

The results given in (Table 5) revealed that nine sample sites (godowns) viz., 1, 5, 6, 7, 9, 12, 15, 

17 and 20 did not show presence of weedicide residues. Sample site (godowns) 2, 4, 8, 10 and 16 

showed the highest quantity of weedicide residues ranging between 28.39 and 26.48 ppb which 

did not differ significantly from one another but were statistically different from the remaining 

sample sites excepting sample site 14 (25.09 ppb) which was statistically similar to sample site 10 

(26.84) and 16 (26.84) on the higher side and sample site 23 (24.00 ppb) on the lower side. 
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Sample sites 23 (24.00) and 21 (22.00) were statistically at par with each other, the latter also 

being statistically similar to sample site 19 (19.5-0). Sample site 22 (18.95), 18 (18.95), 13 

(18.00), 3 (18.00) and 11 (15.50 ppb) were statistically at par with one another.Uddin et al. 

(2011) used capillary gas chromatography technique to test the residues of organochlorine, 

organophosphorus, pyrethroids and herbicides in fortified rice samples. Recovery was checked at 

0.1 and 0.5µ g/g. It was found that average recovery was 74%-111% and %RSD in the range of 

2.41–12.42. 
 

Table 4: Mean Value of Weedicide residues in relation to interaction between weedicide applied 

and sample sites (godowns) 

 

Weedicide x godowns Weedicide residues 

1 0.0000 h 

2 28.39 a 

3 18.00 fg 

4 28.39 a 

5 0.0000 h 

6 0.0000 h 

7 0.0000 h 

8 28.42 a 

9 0.0000 h 

10 26.84 ab 

11 15.50 g 

12 0.0000 h 

13 18.00 fg 

14 25.09 bc 

15 0.0000 h 

16 26.84 ab 

17 0.0000 h 

18 18.95 f 

19 19.50 ef 

20 0.0000 h 

21 22.00 de 

22 18.95 f 

23 24.00 cd 

24 20.53 ef 

 

Means sharing same letters are not significantly different by DMR test at p<0.05. 

 

Part B 
 

3.5 Cypermethrin and deltamethrin residues determination in stored grains 
 
This is a usual practice to apply parathyroid insecticides for the control of insect pests infesting 

wheat grain during storage. Residues of cypermethrin and deltamethrin were determined by 

applying these insecticides at 0.4 and 0.8% concentrations at different intervals i.e. 1, 7, 15 and 

30 day after spraying. For this purpose HPLC method was used. In the 1
st
 step the method applied 

was validated and used for the determination of residues present in wheat grains using reverse 
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phase system with UV detector. 
 

 

3.5.1 HPLC Standardization 
 

HPLC system was standardized to check the performance of column and detector, suitability of 

mobile phase on resolution and linearity and ruggedness of the instrument. To evaluate the above 

parameters, pesticide standard solutions were run. Data showed that the instrument, column, 

detector and conditions were suitable for the analysis of parathyroid residues in the wheat grains. 

Methanol/water and acetonotiril/water were used as mobile phase for validation of the instrument 
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as well as for the analysis of pesticide residues in the wheat grains. Chromatograms of standards 

are given in Figure 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Standard of Cypermethrin and Deltamethrin 

 

3.6 HPLC Analysis 
 

The cypermethrin and deltamethrin residues in wheat grains were determined by reverse-high 

performance liquid chromatography at fixed wavelength. 

 

3.6.1 Residues of cypermethrin (10 EC) and deltamethrin (50 EC) applied @ 0.4 and 0.8 % 

in stored wheat at different intervals after spraying 
 

The cypermethrin residues (Table 5) were observed at 1 hour after spraying were 157.27 ppb 

which continuously degraded to 102.27, 37.83 and 34.6 ppb on 7, 15 and 30 days, respectively, 

after the spraying of cypermethrin. Similarly, the maximum amount od deltamethrin residues 

were 101.04 ppb at thereafter 1 hour after spraying which degraded to 69.23, 31.95 and 25.33 

PPb by 7, 15 and 30 day of spray. 

 

The cypermethrin residues (Table 5) were observed 1 hour after spraying were 266.66 ppb, which 

continuously degraded to 133.45, 104.16 and 89.3 ppb by 7, 15 and 30 day, respectively, afer the 

spraying of cypermethrin on the stored wheat. Similarly, the maximum amount of deltamethrin 

residues were 162.47 ppb at 1 hour after spraying, which degraded to 111.64, 80.01 and 66.13 

ppb at 7, 15 and 30 day of spray. 

 

 

Riazuddin et al. (2011a) tested domestic stored wheat and imported wheat grains for residual 

analysis of organochlorine, organophosphorus and pyrethroids. It was found that about 22.5% of 

test samples in imported wheat were contaminated with organophosphorus (chlorpyrifos 0.073– 



International Journal of Advances in Biology (IJAB)  Vol 2. No .3, August  2015 

20 

 

0.230µg/g, malathion 0.0419 –0.1003µ g/g) and pyrethroids (cypermethrin 0.1404–0.2005µ g/g, 

permethrin 0.0140–0.0480µ g/g). In domestic wheat about 6.7% of test samples were found  

 

 

contaminated by pyrethroids (deltamethrin 0.0650–1.2903µ g/g). The average recovery range of 

fortified wheat samples was about (73.77%–100.17%) with RSD (2.21–9.27). 

 
Table 5: Residues of cypermethrin (10 EC) and deltamethrin (50 EC) applied @ 0.4 and 0.8% in 

stored wheat at different intervals after spraying 

 

 

Grain protectants  Sampling Interval (days)  

   Residues @ 0.4% (ppb)*  

 1(hr)  7 15 30 

Cypermethrin 157.27  102.27 37.83 34.60 

Deltamethrin 101.04  69.23 31.95 25.33 

   Residues @ 0.8% (ppb)*  

Cypermethrin 266.66  133.45 104.16 89.30 

Deltamethrin 162.47  111.64 80.01 66.13 

 

 

 

 

*Values are mean of three samples 

 

 

3.7 Statistical Analysis 
 

The analysis of data (Table 6) revealed that the results with regard to interval after spraying, 

residues of grain protectants and the two concentration applied were statistically significant. The 

interactions viz., interval after spraying x the two concentrations applied, residues of grain 

protectants x the two concentration applied were also statistically significant with mean values of 

0.4049, 0.2863, 0.5727, 0.2863, 0.5727, 0.4049 and 8090, respectively. 
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Table 6: Analysis of Variance with CRD 

 

K Value S.O.V.  df SS MS F Value Probability 

2 Interval after 3 103606.3 34535.45 17550.645 0.000** 

 spraying (A)      

        

4 Residues of 1 14463.65 14463.65 7350.3164 0.000** 

 grain       

 protectants       

 (B)       

        

6 (AB)  3 8559.283 2853.094 1449.9200 0.000** 

        

8 Factor C 1 38697.84 38697.84 19665.936 0.000** 

 (two    conc.      

 applied)       

        

10 (AC)  3 3902.371 1300.790 661.0513 0.000** 

        

12 (BC)  1 890.102 890.102 452.3428 0.000** 

        

14 (ABC)  3 1324.856 441.619 224.4271 0.000** 

        

-15 Error  32 62.968 1.968   

        

 Total  47 171507.4    

        

 

**Highly significant 

 

 3.7.1 Residues of grain protectants at different interval after spraying 
 

By using DMRT, overall mean values of cypermethrin and deltamethrin residues were found 

171.9, 104.1, 63.49 and 53.84 ng/g after 1 hour of spraying 7, 15 and 30 day of treatment which 

differed statistically from each another (Table 7). 
Table 7: Residues of grain protectants at different interval after spraying 

Number of observations utilized to calculate a mean = 12 
 

Interval after spraying Residues of grain protectants 

1 171.9 a 
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2 104.1 b 

3 63.49 c 

4 53.84 d 

 

Means followed by same letters do not differ significantly 

 

3.7.2 Residues of grain protectants in relation to interaction (Interval after spraying 

x Residues of grain Protectants) 
 

The residues of grain protectants and their interaction with intervals after spraying (Table 8) 

predicted that these were statistically different from one another. The maximum residues of 

cypermethrin and deltamethrin insecticides were observed in the first interaction after the 

treatment with the mean value of 212 ppb for cypermethrin and deltamethrin followed by 2, 3, 4, 

5, 7, 6 and 8 with mean values of 212, 131.8, 117.9, 90.43, 71, 61.95, 55.98 and 47.73 ppb, 

respectively which were statistically different from one another. 
 

Table 8:Residues of grain protectants in relation to interaction (Interval after spraying x Residues of grain 

protectants) 

 

Number of observations utilized to calculate a mean = 6 
 

Interval after spraying x Residues Residues of grain 

of grain protectants protectants 
  

1 212 a 

2 131.8 b 

3 117.9 c 

4 90.43 d 

5 71.00 e 

6 55.98 g 

7 61.95 f 

8 45.73 h 

 

Means followed by same letters do not differ significantly 
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3.7.3 Residues of grain protectants in relation to interaction (Interval after spraying 

x Two concentrations applied) 
 

The interaction between the intervals x two concentrations applied (Table 9) were statistically 

different from one another. The maximum residues of cypermethrin and deltamethrin were 

observed in the Table 2 interaction after the treatment with the mean value of 214.6 Ppb followed 

by 1
st
, 4

th
, 6

th
, 3

rd
, 8

th
, 5

th
 and 7

th
 with mean values of 129.2, 122.5, 92.08, 85.75, 77.72, 34.89 and 

29.97 ppb , respectively which were statistically different from one another. 
 

Table 9: Residues of grain protectants in relation to interaction (Interval after spraying x Two concentration 

applied) 

 

Number of observations utilized to calculate a mean = 6 

 

Interval  after  spraying  x  Two Residuesofgrain 

concentrations applied protectants 

1 129.2 b 

2 214.6 a 

3 85.75 e 

4 122.5 c 

5 34.89 g 

6 92.08 d 

7 29.97 h 

8 77.72 f 

 

Means followed by same letters do not differ significantly 

 

3.7.4 Residues of grain protectants in relation to interaction (Residues of grain 

protectants x Two concentrations applied) 
 

The overall mean values for interaction (Residues of grain protectants x Two concentrations 

applied) showed in (Table 10) that the results were statistically significant. The overall mean 

values indicated that the cypermethrin and deltamethrin insecticides and their residues with mean 

values of 148.4, 105.1, 82.99 and 56.89 were statistically different from one another. 
 

Table 10: Residues of grain protectants in relation to interaction (Interval after spraying x Residues of grain 

protectant x Two concentration applied) 

 

Number of observations utilized to calculate a mean = 12 

 

 Residues of grain protectants x Residues of grain protectants 

Two concentrations applied  

1 82.99 c 

2 148.4 a 

3 56.89 d 

4 105.1 b 
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Means followed by same letters do not differ significantly 

 

3.7.5 Residues of grain protectants in relation to interaction (Interval after spraying 

x Residues of grain protectants x Two concentrations applied) 
 

The overall mean values for interaction (Interval after spraying x Residues of grain protectant x 

Two concentrations applied) shown in (Table 11) that the results were statistically significant. 

The overall mean values indicated that the residues of grain protectants were 266.7, 162.5, 157.3, 

133.4, 111.6, 104.2, 89.30, 80.01, 69.23, 66.13, 37.83, 34.60, 31.95 and 25.33 ppb statistically 

different from one another. 

 

Kolberg et al. (2011) reported that validation of gas chromatography coupled to mass 

spectrometry (GC–MS (NCI–SIM)) for determination of 24 pesticides in wheat, white flour and 

bran can exactly calculate the linearity, limit of detention, limit of quantification, matrix effect 

 

and recovery percentage. It was found that the linear range in calibration curve was (1.0 to 100 µg 

L
-1

) for wheat and (2.0 to 200 µg L 
-1

) for flour and bran. The determination coefficient was (r
2
) ≥ 

0.99 for all pesticides. The recovery values were 70-120% with RSD <20% for majority of tested 

pesticides. 
 

Table 11: Residues of grain protectants and relation to interaction (Interval after spraying x Residues of 

grain protectants x Two concentration applied) 

 

Number of observations utilized to calculated a mean = 3 

 

Interval after spraying x Residues of grain protectants 

Residues  of  grain  protectants  x  

Two concentrations applied   

 1   157.3 c 

 2   266.7 a 

 3   101.0 g 

 4   162.5 b 

 5   102.3 fg 

 6   133.4 d 

 7   69.23 j 

 8   111.6 e 

 9   37.83 l 

 10   104.2 f 

 11   31.95 n 

 12   80.01 i 

 13   34.60 n 

 14   89.30 h 

 15   25.33 o 

 16   66.13 k 

 

Means followed by same letters do not differ significantly 
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CONCLUSION 
 

Since 1960s, grain protectants are being used for pest control in storage (Arthur, 1996). Grain 

protectants used must be safer to mammals. It must have low mammalian toxicity, easier in 

application. It must be broad spectrum towards stored grain insect pests. It must have low price 

that the economic viability should not be affected (Korunic et al. 2010). Pyrethroids are non-

persistent because their biomagnification in the food chain is negligiable. They act as negative 

temperature coefficient of toxicity (Polat et al. 2002). The grain protectants used in this 

experiment were continuously degraded with the passage of time. It was found that after the 30 

days the amount of residues of the grain protectants was found to be very small. It was concluded 

that the use of the grain protectants in the powder form in combination with other botanicals on 

stored wheat grains is feasible to reduce the use of phosphine against the insect pest in stored 

grains. 
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