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Abstract: Imidacloprid is mainly used as seed treatment before sowing. Despite its moderate toxic effect, its
excessive use may lead to adverse effects on health. The present study was conducted to evaluate the
persistence of imidacloprid in wheat grains at 28±2°C and 18±1°C and also the time required for degradation of
imidacloprid residues in wheat grains down to MRL was determined. Liquid chromatographic technique with
UV detection was used with mobile phase (acetonitrile: water - 80:20) and analyses of imidacloprid were
monitored at 270nm with flow rate of 0.7mL min . The rate of degradation of imidacloprid in wheat grains was1

found to be dependent on initial concentration and temperature during storage. The half-lives of imidacloprid
were found to be 5.37±0.32, 4.93±0.16 and 4.63±0.24 days at 28°C and 8.60±0.49, 7.92±0.48 and 7.34±0.53 days
at 18°C at spike levels 5, 10 and 20 µg g  respectively.1
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INTRODUCTION

Wheat is an important cereal food crop all over the
world that is grown on around 15% of the total
agricultural land worldwide [1]. The health benefits of
wheat have indeed increased its demand as human food Fig. 1: Imidacloprid
and in turn encourage the growers all over the world for
its cultivation. Pakistan is the 8th largest wheat producer treatment of wheat-seed before sowing. It might be used
country in the world. The total annual production not to control the vector of Barley Yellow Dwarf Virus (BYDV)
only fulfills its domestic demand but also contributes for and in turn it may contribute up to 21% increase in the
export revenue therefore; it is considered to be the most wheat production [5]. In addition, this insecticide has a
important  strategic agricultural commodity of Pakistan. great potential to control Liposcelis species in stored
On the other hand, risk of pest attack is also associated wheat grains [6, 7]. By the classification of Environmental
with the wheat crop. Therefore, the growers generally use Protection Agency (EPA), imidacloprid is categorized as
different pesticides to protect the crop from weeds and class II pesticide on the basis of toxicity [8]. Despite
damage by microbes and insect pests [2]. It is therefore moderate mammalian toxicity, its residual levels in food
important to ensure that the consumption of wheat does might lead to serious physiological disorders [9]. In
not pose a risk to the consumer health. Despite serious accordance with the food standards set by the
concerns of residues contamination, wheat produce of WHO/FAO, MRL of IMI in wheat grain and flour are
different parts of the world has been found to exceed 0.05µg/g and 0.03µg/g respectively [10]. Such low MRLs
maximum residual limits (MRLs) of one or more pesticides pose an analytical challenge in terms of quantitative
[3, 4]. Imidacloprid (IMI) Fig. 1 is an important insecticide determination  of  IMI   in   wheat.   In   this    context,
for    its   effectiveness   against  pests  that  is  used  for some  studies  have  been  reported   for   their     residual
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quantification methods in wheat grains [11-13]. In recent Shimadzu CBM-102 communication Bus module.
years,  studies have  also  been   started   to     address Chromatographic data acquisition was performed on
the issue of imidacloprid persistence in different CLASS-GC10 software.
commodities. Banerjee reported the half-lives of
imidacloprid in different vegetables between 1.98 and 3.30 HPLC Condition: Analyses were carried out on a
days [14]. In another study, high performance liquid Beckman (Ireland) C18 column (5µm, 4.6mm x 15cm) using
chromatography technique was used for analysis of mobile phase 80:20 acetonitrile-water filtered with 0.45 µm
imidacloprid residues in okra and reported half-lives i.e. pore size filter millipore vacuum filter system and
0.85 and 0.96 days at 60g/ha and 120g/ha  IMI application degassed with an ultrasonic bath. Flow rate was 0.7 mL
levels, respectively [15]. Similarly, in relation to the min  and UV detector was operated at 270 nm for
persistence study, Bhattacherjee [16] suggested that a analysis.
time lapse  of  55  days  was  required  for  safe
consumption  of  mangoes  after  spraying  with IMI. Preparation of Imidacloprid Stock Standard Solution:
Some studies also reported the residual presence of Analytical  pure  grade   standard   of     imidacloprid
imidacloprid in cereal grains. A study was conducted to (99.9% pure) was purchased from Bayer CropScience,
investigate the rate of dissipation of imidacloprid in rice Monheim, Germany. Standard imidacloprid stock solution
with treatment 1g/1800cm  and the half-life was found less was prepared in HPLC grade acetonitrile, purchased from2

than 3 days [17]. The half-lives of Imidacloprid in rice Merck International, Germany. A stock solution at
straw, soil and water have also been monitored by HPLC 0.5mg/ml was prepared and diluted for further analysis
and were found to be 1.2-2.0 days, 5.6-15.3 days and throughout the study. This solution was stored at 4°C.
1.1-3.1  days in straw, water and soil, respectively [18].
The imidacloprid residues in the maize samples were Collection of Control Samples: Control wheat grain
found up to 33.6pg/g in France during 2000 and 2003. sample (3 Kg) was provided by the Cereal Crops Research
However, the average residual levels of imidacloprid were Institute, Nowshera (Khyber Pukhtoon Khwa province),
4.1 pg/g in leaves and stem, 2.1 pg/g in pollen and 6.6 Pakistan, where they had been grown under control
pg/g in panicles [19]. Amongst the agricultural condition without application of pesticides. These
commodities, studied for IMI degradation, there is a samples were sealed and stored in opaque polyethylene
general lack of information on wheat grains and the bags to bring them to the laboratory for subsequent
dissipation study of IMI in wheat grains has not been treatment and analysis. The study was conducted at Food
specifically addressed. Wu et al. [20] reported the Quality and Security Research Institute/ PARC in the
half-lives of imidacloprid 22.14 days and 13.08 days in dry month of June, 2013 just after the samples were collected.
flowers of chrysanthemum at 5°C and 20°C respectively
and highlighted the effect of temperature on the Experimental Design: The samples 100±0.1g (from 3Kg
dissipation of imidacloprid. But the role of temperature on stock) were weighed out in eighteen separate containers.
dissipation rate of IMI residues in wheat grains has not Half of them were used for study at ambient temperature
been taken under study. However the influence of (28±2°C) and the other half at 18±1°C. Each set of nine
temperature [21] on its degradation and photo containers was spiked in three replicates @ 5, 10 and
degradation [22] are significantly important. The 20µg/g of IMI (T1, T2 and T3, respectively) by adding
temperature of stored wheat grain in warehouses may 1mL, 2mL and 4mL of 0.5mg/ml imidacloprid stock
vary during storage due to change in weather. Therefore, solution, respectively. Before spiking, 50mL acetone was
the present study was designed to address this added into each container to achieve homogeneous
knowledge gap by investigating the persistence of distribution of IMI within the samples. The containers
imidacloprid residues in stored wheat grains in the dark at were shaken vigorously by hand and then kept open for
different temperatures. few hours (at ambient temperature) to completely

MATERIALS AND METHODS samples were stored at respective temperatures of 28±2°C

Instrumentation: Liquid chromatographic system dark to avoid the photo degradation of IMI. The wheat
equipped with Shimadzu model LC-10 AV solvent delivery samples spiked at 5, 10 and 20µg/g were quantitatively
pump, rheodyne manual injector fitted with 20µL loop, analyzed for IMI residues on 0, 1, 2, 5, 15 and 30 days after
SPD-10 AV Shimadzu UV visible detector, connected with treatments.

1

evaporate acetone. After complete drying, each set of

and 18±1°C. Both these set of samples were stored in the
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Analysis of IMI Residue in Wheat Sample: Using 100g of concentrated  to dryness on rotary evaporator. Finally,
each wheat grain sample, 20g was finely ground with a the residues were dissolved in 2ml acetonitrile and
mechanical hand grinder Straub Co. Model F No-4 (USA). subjected for analysis. Rotary samples were then filtered
Four grams of each sample (in triplicate) was placed in through a millipore filter paper (pore size 0.45µm) before
50mL centrifuge tubes. For preparation of samples, the injection in HPLC. The peak of imidacloprid was obtained
extraction and cleanup method described by Iqbal et al. at 3.11 min in each run but the instrument run-time was
[13], was followed. At first, 40ml mixture of acetone - programmed for 8 min that allows removing the
methanol (1:1) was added into each centrifuge tube for the co-extractive of the samples and eliminates the
extraction. These samples were centrifuged for 3 min at interferences for the next run Fig. 2. The same procedure
2500rpm through a centrifuge Model WSB-14, Hamilton was adopted for the residual determination of IMI on
laboratory glass Ltd and supernatant layer was passed day2, 5, 15 and 30. 
through whatman filter paper and collected into a
separating funnel. For further collection of leftover RESULTS AND DISCUSSION
residues 35ml of extraction mixture was further added into
centrifuge tube, centrifuged and finally supernatant was In the present study, efforts have been made to
collected into same separating funnel. Dichloromethane determine the IMI residue in stored wheat grains at 18°C
(25ml) was added to the extract into the separating funnel and 28°C, since temperature may vary due to change in
followed by 200ml of 2.5% (w/v) sodium sulfate solution. weather during storage period. Technique employed for
The extract was vigorously shaked and dichloromethane the dissipation study of IMI at different temperature
(DCM) along with imidacloprid residues was allowed to involves high performance liquid chromatography with
settle down at bottom of the separating funnel. The ultraviolet detection.
extract was collected in a glass column containing 25g of
anhydrous sodium sulfate supported by glass wool at the Method Validation: For performance-check of analysis,
bottom of column. Further 25ml of DCM was added into developed method was validated for linearity, accuracy,
separating funnel to repeat the step twice. Ten ml of DCM precision, detection and quantification limits.
was additionally added to clean up the walls of glass
column. The whole extract was allowed to elute from Linearity: Seven different dilutions in a range of 0.01µg/g
column and collected into 300mL conical flask. The to 2.00µg/g were prepared from a stock standard of
collected extract was concentrated to about 2ml using imidacloprid. The peak height of each of the dilution was
rotary evaporator Buchi, Model vac@R V-512 plotted against their respective concentrations. The
(Switzerland). The extract was thereafter transferred to a results of the study are depicted in Fig. 3 that exhibits a
glass column - filled with 13g of homogenized mixture of linear calibration between peak height and the
acidic aluminum (12 gm) and activated charcoal (1 gm) in concentration (R  0.998).
between the layers of sodium sulfate. The extract was
driven over column using 160ml of DCM and eluted Limit of Detection: The limit of detection (LoD) for this
volume was collected in a flask. The elute was thereafter study was found to be 0.01µg/g when peak height

Fig. 2: Representative chromatogram of IMI in wheat 0.05µg/g was found to be the limit of quantification (LoQ)
sample of this analytical method.

2

remained three times to the noise of the base line. 

Limit of Quantification: Method performance was also
checked by spiking wheat grains with imidacloprid at four
different levels i.e. 0.02, 0.04, 0.05 and 0.1µg/g. Table 1
depicts the percent recovery with relative standard
deviation (RSD) at different spike levels. A widely
accepted criterion for the acceptability of the performance
of analytical method is its capability of providing an
average recovery within the range of 70-110% [23].
Therefore, the recovery result of 0.10µg/g and 0.05µg/g
fell well within the acceptable range. It is evident that
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Table 1: Percent recoveries and percent RSD at different spike levels
Percent Recoveries
------------------------------------------------------------------

Spike levels (in µg/g) I II III Average Recovery %RSD
0.02 58.45 61.51 71.31 63.76 6.72
0.04 68.12 73.82 63.43 68.46 5.20
0.05 91.05 85.55 78.33 84.98 6.38
0.1 91.4 97.67 103.56 97.54 6.08

Table 2: Recoveries of IMI in wheat grains at 28°C and 18°C
% Rec % dec %RSD % Rec % dec %RSD

Day Concµg g ---------------------------28°C------------------------- --------------------------18°C-------------------------------1

1 5 4.52 9.73 7.18 4.50 9.93 10.24
2 3.80 24.0 8.27 3.91 21.80 10.72
5 3.11 37.80 9.95 3.28 34.33 14.57
15 1.88 62.40 19.88 2.42 51.53 15.54
30 0.89 82.27 19.86 1.49 70.27 18.83
1 10 8.90 11.03 4.62 9.12 8.83 3.98
2 8.12 18.83 6.29 8.11 10.10 5.13
5 6.36 36.40 8.34 6.60 34.00 6.85
15 3.20 68.03 14.55 4.71 52.90 6.68
30 1.09 89.13 17.24 3.12 68.87 9.00
1 20 17.84 10.80 4.11 18.17 9.13 2.97
2 16.13 19.33 3.90 16.72 16.40 2.21
5 .591 42.03 5.92 13.43 32.88 5.26
15 5.29 73.55 11.33 8.73 56.35 10.56
30 2.71 86.47 16.27 5.18 74.08 14.60

Accuracy and Precision: Accuracy and precision of
method were evaluated as the percent recovery and
percent relative standard deviation of IMI in wheat
sample. Recovery and RSD were found to be in the range
of 63.76-97.54% and 5.02-6.72%, respectively (Table 1).

Dissipation of Imidacloprid: Dissipation on IMI was
investigated by monitoring the change in concentration
of IMI in stored wheat grains with respect to time. It was
examined by spiking the IMI in wheat sample at three Fig. 3: A calibration line between concentration of
different concentration levels (i.e. 5, 10 and 20 µg g ), imidacloprid (0.01, 0.02, 0.05, 0.1, 0.5, 1.0 &1

storage at ambient temperature (28±2°C) and at 18±1°C 2.0µg/g) and their respective chromatographic
and was then analyzed from day1 to day30. The results response - Height
obtained at both temperatures for all spiking levels have
been compiled in Table 2. It was observed that recovered was slightly slower Fig. 5. The degradation of IMI in
concentration of IMI gradually decreases from day 1 to wheat grains followed the first order mechanism and the
day 30 at each spiking level at both temperatures. The half-lives of this insecticide were calculated. The rate of
concentration 0.89, 1.09 and 2.71 µg g  at 28°C and 1.49, degradation (K) and half-life (t ) values were determined1

3.12 and 5.18 µg g  at 18°C were recovered from 5, 10 and by employing the Hoskin's equation [24], given below1

20 µg g  spiked level on 30th day of analysis (Table 3);1

respectively. Results are graphically presented in Fig. 4,
showing three parabolic curves for each spiked K = 2.303 x slope
concentration (5, 10 and 20 µg g ), representing the t  = 0.693/K1

gradual decrease of IMI concentration in all cases. One of
the aspects of obtaining these results is to enlighten the Where K is the rate of degradation and t  is the half life.
dependence of temperature on degradation  rate  of  IMI. The slopes for degradation of IMI at 5, 10 and 20 µg g
In comparison with the study undertaken at 28°C, the rate were   calculated    which   were   found   to   be   0.056,
of  dissipation  of  IMI  in the stored wheat grains at 18°C 0.061 and 0.065 at 28°C and 0.035, 0.038 and 0.041 at 18°C,

1/2

1/2

1/2
1
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Fig. 4: Degradation of IMI at (a) 28°C and (b) 18°C

Fig. 5: Dissipation of IMI at 28°C and 18°C

Table 3: Rate of degradation and half-lives of IMI

K t1/2

---------------------- -------------------------------------

Conc. (µg g ) 28°C 18°C 28°C 18°C1

5 0.129 0.081 5.37±0.32 8.60±0.49

10 0.140 0.087 4.93±0.16 7.92±0.48

20 0.150 0.094 4.63±0.24 7.34±0.53

respectively. At 95% confidence level, the half-lives of
IMI in wheat grains were establish to be 5.37±0.32,
4.93±0.16 and 4.63±0.24 days at 28°C and 8.60±0.49,
7.92±0.48 and 7.34±0.53 days at 18°C, respectively. These
results were found to be in agreement with Karanasios et
al. 2012 who reported the dependence of half-life on the
initial concentration of pesticides [25]. A study showed
the half-life of IMI in between 1.33 and 5.78 days in wheat
and reported the effect of temperature as a main factor to
influence the degradation of IMI [26]. Correspondingly,
presented study ascertain that the degradation rate of IMI
in wheat grains was about 18% lower at 18°C, compared
to 28°C. Thus it was found that 84.96% of IMI had
degraded on 30th day at 28°C, while at 18°C the decrease
in residue levels could reach up to 70.00%. That is  why;

much  time is  required  for  wheat  grains  to     attain
MRL  level  of  IMI  at  18°C  than  at  28°C.  Although,
the current  recommended  temperature  for   wheat
storage in warehouses in developed countries is 10°C but
this may lead to longer persistence of IMI residues. The
study has also shown that if wheat grains contaminated
with 5µg g  IMI and stored at 18°C, will require1

approximately 28 more days (compared to storage at 28°C)
to allow sufficient degradation of the residues to bring
them  down  to  permissible  maximum  residual level of
0.05 µg g .1

CONCLUSIONS

This study aimed to investigate the half-lives of
imidacloprid at different residue levels in wheat grains
stored at two different storage temperatures (28°C and
18°C) in the absence of light. The half-lives of
imidacloprid at 28°C were found to be 5.37±0.32, 4.93±0.16
and 4.63±0.24 days at treatment 5µg g , 10µg g  and1 1

20µg g  respectively. At 18°C, half-lives were 8.60±0.49,1

7.92±0.48 and 7.34±0.53 days at 5, 10 and 20µg g ,1

respectively. The study has shown that the half-life of
IMI somewhat decreases at higher residue level and an
inverse relationship was found between storage
temperature and residue half-life. Therefore, it is
recommended for wheat grain storage at warehouses to
consider the aspect of temperature to ensure the rapid
degradation of imidacloprid in case of its exceeded
contamination level in wheat grains.
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