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Abstract This study presents an improved method for
quantitative analysis of imidacloprid residues in wheat
grain using high performance liquid chromatography. The
study used chromatographic response (in terms of peak
height) as a quantitative tool for determination instead of
peak area. The peak height of imidacloprid showed a very
good linear correlation (R2 = 0.999) when compared with
absolute values at six different concentrations. The limit of
detection was found to be 0.01 pg/mL. The recovery of
imidacloprid residues in spiked wheat grain at three levels
(0.03, 0.05, and 0.1 pg/g) was in the range of 79%—-88%
with %RSD 5.72 at 0.05 ng/g (w/w) and between 87% and
93% with %RSD 3.55 at 0.1 pug/g (w/w). At 0.03 ng/g
(w/w) level, recovery was not within the recommended
range of 70%—110%. Therefore, the lowest limit of quan-
tification for this method was found to be 0.05 pg/g.
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Wheat is the staple food grain in many part of the world. It
is one of the cheapest sources of nutrition and protein in
much of the developing world. Wheat production is also
prone to losses due to insect pests (Masud and Parveen
1991). According to some estimates, pest attack may reduce
the production of wheat by 46% to 83% (Saltmarsh 2005).
In many part of the world, imidacloprid is routinely used to
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protect wheat from insect pest attack. Imidacloprid is
applied in multiple ways, e.g. in the form of seed treatment,
soil drench, or foliar spray (Mohapatra et al. 2011). The
mode of action of imidacloprid makes it different from
many of the other insecticides (Joshi et al. 2009), and is
considered an effective systemic insecticide. On applica-
tion, it translocates to various plant parts, and exerts
insecticidal action through effects on insect nervous system
which interferes with transmission of stimuli and hence loss
of activity and coordination (Bonmatin et al. 2003). The
application of any insecticide to food crop draws concerns
over food safety and requires a careful monitoring of the
residues. In parts of the world, where imidacloprid is used
without due regard to dosing and applications regimes and
operators are not adequately trained, there is a likelihood
that the residues may exceed the threshold limits. The study
of residues of imidacloprid in wheat grain is therefore
important from food safety point of view. High performance
liquid chromatography (HPLC) technique is highly relevant
for quantitative determination of imidacloprid residues.
Nobuko et al. (2003) reported determination of imidaclo-
prid in different agricultural products using HPLC. Simi-
larly, a quantitative analysis of imidacloprid in wheat-seed
and soil has been reported (Guiying et al. 2006). Similarly,
Samnani et al. (2011) have reported the quantitative deter-
mination of imidacloprid residues in soil and water samples.

The current study was carried out for developing a
method for quantitative analysis of imidacloprid in wheat
grain using HPLC.

Materials and Methods

Control wheat samples (free from imidacloprid) were
obtained from crop disease research institute, PARC,
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Karachi. All solvents (i.e. acetone, methanol, acetonitrile,
and dichloromethane) and other chemical reagents (i.e.
anhydrous sodium sulphate and graphitized charcoal),
purchased from Merck (Germany), were of analytical
grade. Acidic aluminum oxide pH (4.0-5.0) of Brockmann
activity 1 was procured from Fluka (Switzerland). The
standard of imidacloprid (analytical grade, purity 98.80%)
was purchased from accustandard, Inc (USA). Aluminum
oxide and charcoal were activated at 500°C for 3 h and at
300°C for 3 h respectively. Anhydrous sodium sulphate
was dried at 500°C for 4 h. Chromatography glass column
of 58 cm length and 2.4 cm id, filter papers (Whatman # 542),
and autoclavable micropipette (20 uL-200 pL)—Nichipet
Ex Plus were used. Some of the supporting laboratory
techniques, such as Bandelin Sonorex ultrasonic device, a
rotary evaporator Model BUCHI V-512 with chiller, cen-
trifuge machine Jouan-Inc (USA) Model # CR412 were
also used.

Four grams of control wheat grain free from imidaclo-
prid were spiked separately at three separate doses i.e.
0.01 pg, 0.05 pg and 0.1 pg of imidacloprid per gram
sample weight. The spiked samples were kept for 24 h
before extraction, for allowing time for insecticide pene-
tration into the samples. The extraction and cleanup were
undertaken as method described by Uddin et al. (2011). For
this, 4 g of ground wheat was placed in 50 mL centrifuging
tube and shaken vigorously after addition of 40 mL mix-
ture of acetone:methanol (1:1). The samples were centri-
fuged at 2,500 rpm for 3 min and supernatant was passed
through Whatman filter papers and collected in a separating
funnel. The extraction was repeated by addition of another
35 mL of solvent mixture and centrifuging step. The two
extracts were combined (approx 75 mL). Dichloromethane
(25 mL) was added in the flask followed by 200 mL of
2.5% (wl/v) sodium sulfate to remove any traces of mois-
ture. After vigorous shaking, dichloromethane (DCM) was
allowed to settle together with the analyte, and collected
into the glass column containing 25 g of anhydrous sodium
sulfate. Glass wool was used to stop sodium sulfate passing
into the separating solvent. This process was repeated twice
by adding 50 mL of DCM (in two equal portions). The
residual sodium sulfate was washed with another 10 mL
DCM. The collected moisture-free extract was concen-
trated to 1 mL-2 mL by rotary evaporation. The extract
was then transferred to a glass column—filled with 13 g
(12:1) of homogenized mixture of acidic aluminum and
activated charcoal between layers of sodium sulfate. The
extract was eluted through the column using 160 mL of
DCM and the elutent was concentrated to dryness on a
rotary evaporator. Finally, the residues were dissolved in
2 mL acetonitrile for further analysis.

All the samples were filtered through Millipore filter
paper (pore size 0.45 um) before they were injected in
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SHIMADZU HPLC equipped with UV-VIS Detector SPD-
10AV and two high pressure pumps LC-10AT. Beckman
C18 column (5 pm, 4.6 mm x 15 cm) was used as the
stationary phase. Acetonitrile and water, placed in separate
reservoir linked with two separate pumps, were used as
mobile phase. The pumps were programmed to mix and
pump the mobile phase at a ratio of 8:2 of acetonitrile:
water, at flow rate of 0.7 mL/min. Total run time for each
analysis was programmed for 10 min, mobile phase was
allowed to flow for 5 min at 1.0 mL/min flow rate after
each run to remove any traces of the analyte that may cause
artifacts in the next analysis.

Results and Discussion

In the present study, extraction and cleanup steps were
performed according to Uddin et al. 2011, with some
modifications in the cleanup step. Dry mixture of acidic
alumina and activated charcoal was introduced into glass
column with the help of aluminum foil instead of slurry
of that mixture in dichloromethane to reduce the amount
of DCM used in the cleanup step. For the quantitative
analysis of imidacloprid residues, HPLC linked with a UV
detector was used. HPLC has an advantage over GC in
terms of mild conditions for the determination of analytes.
During this study, different parameters were taken into
consideration for the best performance of the method (i.e.
different wavelengths and ratios of mobile-phase sol-
vents). Among all the studied wavelengths; 270 nm was
found to be the best for detection of imidacloprid in terms
of either peak area or height (Fig. 1). In this study, height
of the peak was considered more relevant in deriving
results instead of peak area as the quantitative means due
to interference of certain co-extractives in the sample
extracts. With the increasing ratios of acetonitrile in the
mobile phase, a continuous better height was obtained.
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Fig. 1 Response of imidacloprid standard (2 pg/mL) at different
wavelengths
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Table 1 Optimization of mobile phase to identify best ratio of ace-
tonitrile and water

Table 2 Percent recoveries and percent RSD at different fortification
levels

ACN: Pressure Retention Area  Height WO05*
water (MPA) time

5:5 12.3 3.37 40041 36.13 0.180
6:4 10.7 2.94 41293 4723 0.147
7:3 9.6 2.69 410.50 5520 0.120
8:2 8.2 2.54 41445 61.77 0.107
9:1 6.9 2.46 419.10 67.58  0.100
10:0 5.7 2.44 423.37 74.14  0.093

* Half width of the peak
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Fig. 2 Calibration between concentration (pug/mL) of imidacloprid
and respective chromatographic response (peak height)

However, at 90% and 100% acetonitrile as mobile phase,
imidacloprid peak overlapped the solvent-peak due to
shifting of retention time. Therefore, optimum height
producing mobile phase was found to be a mixture of 8:2
of acetonitrile: water) (Table 1). These results are in line
with the findings of Ishii et al. (1994).

A number of method validation tests were used for
determining the method performance. For this, six different
dilutions ranging from 0.01 pg/mL to 5.00 pg/mL were
prepared from a stock standard of imidacloprid. Plotting
peak height of each of dilution against concentration
showed a linear calibration with correlation coefficient of
0.999 (Fig. 2). This showed that peak height has a similar
trend to that of relevant peak areas, and therefore either can
be used for quantification purpose. Limit of detection
(LoD) of imidacloprid was determined in relation to noise
of the base line. As a result, LoD was found to be 0.01 pg/g
where peak height remained around three times higher.
Method performance was verified by spiking at three dif-
ferent levels (0.03 pg/g, 0.05 pg/g, and 0.1 pg/g). These
samples were prepared by transferring calculated volume
of the stock standard to each of the individual 4 gram
control samples of ground wheat (free from imidacloprid

Fortification levels Percent Average %RSD
(in pg/g) recoveries recovery

I I III
0.03 72 61 64 65.67 8.66
0.05 88 79 81 82.67 5.72
0.10 92 87 93 91.00 3.55

residues). Accordingly, 0.05 pg/g was identified as the
limit of quantification (LoQ) of this method. The recovery
results are reported in Table 2. For 0.03, 0.05 and 0.10 ng/g
spiked samples, recovery of between 61% and 72% with
%RSD 8.66, 79%—-88% with %RSD 5.72, and 87%-93%
with %RSD 3.55. A widely accepted criterion for the
acceptability of performance of an analytical method is its
capability of providing average recovery within the range
of 70%—-110% (Hill et al. 2005). From the results obtained
in this study, the recoveries of 0.10 pg/g and 0.05 pg/g are
therefore within the acceptable range.

In summary, this study has led to the development of a
relatively straightforward and reliable method for deter-
mination of imidacloprid residues in wheat grain.
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