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ABSTRACT

A new method based on matrix solid-phase dispersion (MSPD) coupled with liquid chromatography tan-
dem mass spectrometry has been developed for the determination ofimidacloprid in rice. The molecularly
imprinted polymers were synthesized and applied as the dispersant of MSPD for selective extraction of
imidacloprid from rice, while interferences originated from sample matrices were eliminated simulta-
neously. The satisfactory recovery of imidacloprid was obtained by the optimized extraction conditions:
1:2 as the ratio of sample to MIPs; 8 min as the dispersion time; 20% aqueous methanol as washing
solvent and methanol as elution solvent. Under the optimal conditions, the linearity of imidacloprid in
rice sample was achieved in the range of 10-1000 ng/g, and limit of detection was 2.4 ng/g. The relative
standard deviations of intra- and inter-day tests ranging from 4.5% to 5.9% and from 4.8% to 7.1% are
obtained, respectively. The proposed method was applied to the determination of imidacloprid in eight
rice samples with recoveries in the range of 83.8-92.5%.

© 2012 Published by Elsevier B.V.

1. Introduction

Imidacloprid [1-(6-chloro-3-pyridylmethyl)-N-ni-
troimidazolidin-2-ylideneamine] (Fig. 1) is a systemic
nitroguanidine insecticide that belongs to the neonicotinoid
family [1]. Because of the extensive application of imidacloprid
in agriculture to control insect pests, such as Colorado potato
beetles, aphids, termites and thrips [2], its residue may occur in
foods, including grains, fruits and vegetables, and therefore, pose a
potential hazard for consumers [3]. In order to guarantee consumer
safety, the maximum residue limit (MRL) of imidacloprid in rice
established by China is 50ng/g [4]. It is imperative to develop
a reliable analytical method for analyzing imidacloprid in food
samples.

The most frequently reported method for determination of imi-
dacloprid is based on liquid chromatography (LC) coupled with UV
[5,6], diode array detector [7,8] or mass spectrometry (MS) [9,10].
Before LC analysis, sample preparation plays an essential role in the
analysis of imidacloprid. The traditional method is liquid-liquid
extraction (LLE) [7]. However, this technique is time consuming,
laborious, and requires large volumes of organic solvent. Solid
phase extraction (SPE) was also used for cleanup and preconcen-
tration of imidacloprid in complex samples [1]. Compared with
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LLE, SPE usually has the advantages of simplicity, speed, and less
consumption of organic solvents [11]. However, solvent extraction
must be used before SPE when analyzing solid samples.

In recent years, a promising technique, in witch extraction and
clean-up are performed in one step, matrix solid-phase disper-
sion (MSPD) was obtained extensive application [12,13]. It involves
direct mechanical blending of sample with a solid support, and
subsequent elution of the analytes with solvent. The technique
could save analysis time and organic solvent employed. However,
because the common dispersant in MSPD (C18, C8, silica, florisil,
etc.) usually lack selectivity, and are easily subjected to interfer-
ence by non-target substances with similar characteristics [14-16],
so further improving the selectivity of MSPD is still a strategy to be
mentioned.

Molecularly imprinted polymers (MIPs) are crosslinked poly-
mers with specific binding sites for a particular analyte. These
binding sites are tailor-made in situ by the copolymerization of
crosslinking monomers and functional monomers in the presence
of the print molecule, called the template. After polymerization,
the template is removed from the polymer. This leaves recognition
sites that, in terms of size, shape and functionality, are complemen-
tary to the print molecule. So, ideally, the resulting MIPs selectively
rebinds the template in preference to other related structures [17].
The synthesis technique is simple, cheap and the polymers obtained
exhibit high selectivity, excellent mechanical strength, and durabil-
ity to heat, acid and base conditions. These properties allow MIPs
to be used in various fields, such as chromatographic separation,
SPE, chemical sensors and catalysis [18-21].
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Fig. 1. The structure of imidacloprid.

If the MIPs used as MSPD sorbent, the resulting extraction
method (MIP-MSPD), will not only have fast extraction charac-
teristic, but also have selectivity for the guest molecule [22]. In
this paper, the MIP-MSPD method was used for fast and selective
extraction of imidacloprid from rice. The parameters affecting the
performance of MSPD were evaluated in order to achieve optimal
recovery and reduce non-specific interactions. The imidacloprid
extracted from rice was determined by LC-MS/MS. Under the opti-
mal conditions, good recovery and precision with low detection
limit were obtained.

2. Materials and methods
2.1. Reagents and samples

The standard of imidacloprid was purchased from National
Institute for the Control of Pharmaceutical and Biological Prod-
ucts (Beijing, China). Ethylene glycol dimethacrylate (EGDMA) was
purchased from Sigma-Aldrich (St. Louis, MO, USA). Methacrylic
acid (MAA) and azobisisbutyronitrile (AIBN) were obtained from
Guangfu (Tianjin, China). Chromatographic grade acetonitrile was
obtained from Fisher (Pittsburgh, PA, USA). Methanol and acetic
acid were purchased from Kermel Chemical Reagent (Tianjin,
China). The water used was purified with a Milli-Q water purifi-
cation system from Millipore (Billerica, MA, USA).

The stock solution of imidacloprid (1.0 mg/mL) was prepared in
methanol and stored in a refrigerator at 4°C and found to be stable
for one month. The working solution was prepared daily by diluting
the stock solution with water or chromatographic mobile phase.

Rice samples were randomly obtained from the local market in
Harbin (China). Two kinds of rice samples, round shaped rice and
long rice were analyzed in this study. The samples were stored at
room temperature in the dark. One sample was checked to be free
of imidacloprid, and it was used as blank rice for calibration and
validation purposes.

2.2. Preparation of MIPs

For preparation of the MIPs, 1 mmol imidacloprid was dis-
solved in 5 mL of acetonitrile. Then 4.0 mmol MAA was added and
incubated for 1h. The cross-linker, EGDMA (20.0 mmol), and the
initiator AIBN (0.05 g) were then added. The solution was degassed
with nitrogen for 5 min under sonication. Then, the tube was sealed
and polymerization took place at 60 °C in water bath for 24 h. The
obtained polymer was ground and sieved. In order to extract the
template, the polymer was subjected to Soxhlet extraction with
methanol:acetic acid (9:1, v/v), until no imidacloprid could be
detected by LC analysis. Finally, the polymer was dried in an oven
overnight, and stored at room temperature. The non-imprinted
polymers (NIPs) were prepared and processed similarly as above,
except that the template molecule imidacloprid was not added.

2.3. MIP-MSPD procedure

The rice sample (0.5 g) was placed into a glass mortar and gen-
tly blended with 1g of MIPs for 8 min using a pestle, to obtain
homogeneous mixture. The homogenized sample was loaded into a
cartridge. The cartridge was rinsed with 5.0 mL 20% methanol aque-
ous solution and then eluted with 8.0 mL methanol at the flow rate
of 1.0 mL/min. The eluent was evaporated to dryness under nitro-
gen gas at 40°C, and the residue was reconstituted with 1.0 mL of
LC mobile phase for further LC-MS/MS analysis.

2.4. LC-MS/MS analysis

An Agilent 1100 liquid chromatograph (Palo Alto, CA, USA)
consisting of a solvent degassing unit, a quaternary pump, an
autosampler and a thermostatted column compartment was cou-
pled to a MS system. Separation of the imidacloprid was achieved
on a Hypersil ODS column (250 mm x 4.6 mm L.D., 5 wm) which was
obtained from Elite (Dalian, China). The mobile phase was a mix-
ture of 0.1% acetic acid aqueous solution and acetonitrile (75:25,
v/v). The flow rate of the mobile phase was 1 mL/min. The column
temperature was kept at 25 °C and the injection volume was 10 L.

An API 3000 triple quadrupole mass spectrometer (Applied
Biosystems, Concord, ON, Canada) equipped with electrospray ion-
ization (ESI) source was used. Analyst 1.4.2 software (Applied
Biosystems) was used for the control of equipment, data acqui-
sition, and analysis. The ESI-MS/MS detection was performed in
positive ion mode. The source dependent parameters were opti-
mized by introducing the analyte into the mass spectrometer
through direct infusion via a syringe pump (Harvard Apparatus,
Holliston, MA, USA) at a flow rate of 10 pLmin~!. The instrument
was operated with the ion spray voltage set at 4500V and the heater
gas temperature at 480 °C. Additionally, we used a nebulizer gas of
21 psi, a heater gas of 24 psi, a curtain gas of 20 psi, and a collision
gas of 6 psi. All gases used were nitrogen. The declustering potential
and collision energy were 62 and 22 V, respectively. The dwell time
for each transition was 200 ms. The data acquisition was performed
in the multiple reaction monitoring (MRM) mode.

All extraction and chromatographic analysis were performed
three times.

3. Results and discussion
3.1. MS detection

The most sensitive transition in MRM mode was selected for
quantification in the screening method. A minimum of three identi-
fication points are required to meet the identification performance
criteria defined by the EU Commission for quantitative mass spec-
trometric detection. Using LC-MS/MS to monitor one precursor
ion and two daughter ions ‘earns’ four identification points (1 for
the parent ion and 1.5 for each daughter ion) and therefore fulfils
these criteria. The fragment at m/z 256.1 corresponding to [M+H]*
was selected as precursor ion. After fragmentation, imidacloprid
exhibited the product ions at m/z 209.3 and 175.2 correspond-
ing to [M+H-HNO;|*, [M+H-NO,—Cl]*. These transitions were
used for the identification of imidacloprid. The ion transition m/z
256.1 — 209.3 was used for quantification of imidacloprid.

3.2. Binding study

The binding experiment was carried out by adding 20.0 mg MIPs
or NIPs in a glass tube containing 2.0 mL of imidacloprid stock
solution with concentrations varying from 0.05 to 0.5 mmol/L. The
solution was incubated for 24h at room temperature to obtain
the maximum binding of imidacloprid to polymers, and then the
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Fig. 2. Binding isotherms (a) and Scatchard plot analysis of the binding of imidaclo-
prid onto the MIPs (b) and NIPs (c).

suspension was separated and analyzed by HPLC. The amount of
imidacloprid bound to the polymers was obtained by subtracting
the free concentration from initial concentration of imidacloprid
added to the mixture.

As can be seen from Fig. 2a, the amount of imidacloprid bound
to the MIPs and NIPs at equilibrium increased with the increas-
ing of initial concentration of imidacloprid. However, the amount
of imidacloprid bound to the MIPs was higher than that bound to
the NIPs. This suggests that the imprinted cavities of the MIPs may
cause the high affinity binding of the template to the polymer.

The Scatchard plot is a graphical method of analyzing equilib-
rium ligand binding data. It is used to determine the number of

ligand-binding sites on a receptor, whether these sites show coop-
erative interactions, whether more than one class of site exists,
and the respective affinities of each site. The experimental param-
eters used for a Scatchard plot are the free ligand concentration
and the average number of ligand molecules bound to a receptor,
at a particular ligand concentration at equilibrium. In recent years,
the Scatchard plot was widely used for evaluating the interaction
between template molecules and MIPs [23,24].

To estimate the binding properties of the MIPs and NIPs, static
adsorption experiments were employed and the data were further
processed with Scatchard analysis according to the equation:

g_Qmax—Q
C~  Kq

where Q is the amount of imidacloprid bound to the polymers
at equilibrium; C is the free imidacloprid concentration at equi-
librium; Ky is the dissociation constant and Qmax is the apparent
maximum binding amount. The values of K4 and Qmax can be cal-
culated from the slope and intercept of the linear line plotted in Q/C
versus Q.

The scatchard analysis was applied by replotting the binding
isotherm in the format of Q/C versus Q. As can be seen from
Fig. 2b, the Scatchard plot for MIPs was not a single linear curve,
and consisted of two linear parts with different slopes. It sug-
gests that there exist two classes of heterogeneous binding sites in
respect to the affinity for imidacloprid in MIPs. The linear regres-
sion equation for the left part of the curve in the Fig. 2b was
Q/C=-0.00667Q+0.02667. The K4 and Qmax were calculated to
be 149.9 pmol/L and 4.0 wmol/g of dry polymer, respectively. The
linear regression equation for the right part of this curve was
Q/C=-0.00168Q+0.0164. The K4 and Qmax were calculated to be
595.2 pmol/L and 9.8 wmol/g of dry polymer, respectively. The
binding of imidacloprid to the NIPs was also analyzed by Scatchard
method (Fig. 2c). It revealed homogeneous binding sites with Ky
and Qmax values of 555.6 wmol/L and 4.2 mol/g, respectively.

3.3. Optimization of the MSPD procedure

In the previous studies, many applications of MSPD have been
developed by using octadecylsiloxane [25], silica gel [26], graphitic
fiber [27], Florisil [28] or alumina [29] as dispersant for analysis
of fish, milk, urine, plant, egg and hair samples. In addition, alu-
mina has been used as MSPD dispersant for extraction of pesticides,
such as organophosphorus insecticides (malathion and parathion-
methyl) and an organochlorine pesticide (3-endosulfan) [30], and
eight pesticides (penoxsulam, tricyclazole, propanil, azoxystrobin,
molinate, profoxydim, cyhalofop-butyl, deltamethrin) and 3,4-
dichloroaniline, the main metabolite of propanil [31] from rice.

However, due to the fact that these sorbents are usually nonse-
lective, further purification of the extracts is often still required to
remove co-extracts before further analysis [32]. In this paper, the
MIP was used as dispersant for selective extraction of imidacloprid
from rice. Other parameters affecting the performance of the MSPD,
such as the best ratio of sample to MIPs, dispersion time, washing
and elution solvents were investigated. When one parameter was
changed, the other parameters were fixed at their optimal values.

In MSPD, a critical parameter is the ratio between matrix and
dispersing material. The ratio (sample:sorbent) normally used in
different studies ranges from 1:1 to 1:4 [33]. The best ratio guar-
antees that the sample is totally homogenized and dispersed in
the sorbent. In this study, ratios of 1:1, 1:2, 1:3 and 1:4 (sample:
MIP) were evaluated, using 0.5 g of sample (Fig. 1’a in supplemen-
tary material). Ratios 1:2, 1:3 and 1:4 presented better recovery. In
this work, 1.0 g MIP was chosen because it saves material.

In the dispersion procedure, the sample needs to be com-
pletely dispersed in the sorbent [34]. However, the homogenization
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process of the sample with the sorbent is laborious. The dispersion
times of 2, 4, 6, 8 and 10 min were evaluated (Fig. 1’b in supple-
mentary material). Eight minutes were used in this study, because
the satisfactory recovery was obtained with saving time.

In order to reduce the non-specific adsorption and improve the
selective binding of the imidacloprid, it is necessary to apply a wash
step prior to elution of the target analyte [35]. Different percent of
methanol aqueous solutions were used as the washing solutions.
There was almost no difference in the imidacloprid recoveries for
MIPs and NIPs after washing when the percent of methanol in the
washing solutions were in the range of 5-10% (Fig. 1’c in sup-
plementary material). With increased methanol in the washing
solution, the recovery of imidacloprid decreased precipitously in
the NIPs cartridge. When washing with 20% methanol, the recovery
of imidacloprid in the NIPs cartridge was reduced to 42.7%, while
the recovery with MIPs was 89.5%, indicating stronger retention of
imidacloprid by the MIPs than the NIPs. In this study, 20% aqueous
methanol was used as washing solvent.

Different elution solutions, 80% aqueous methanol, methanol
and 1.0% acetic acid methanol solution were evaluated in order to
get the highest imidacloprid recovery. The volume was 8 mL, and
the flow rate was set at 1.0 mL/min. The satisfactory recoveries of
imidacloprid (86.0-92.4%) were obtained by the three elution solu-
tions. In the study, methanol was selected, because its composition
was simple and it also facilitated subsequent evaporation.

3.4. Matrix effect

Many investigations into analytical troubleshooting encoun-
tered with LC-MS/MS detection have focused on the problems
which arise due to matrix effect, and in particular ion suppres-
sion. The phenomenon of ion suppression results in reduction of
signal intensity and consequently inferior performance of the ana-
lytical method with regard to sensitivity, precision and accuracy.
The cause of ion suppression is a change in the spray droplet solu-
tion properties in the MS ion source. This is due to co-extracted
non-volatile or less volatile interferences. It was demonstrated that
matrix effect could be minimized or eliminated by adopting selec-
tive extraction methods [36].

In order to validate the selectivity of MIP, C18 was also used as
the dispersant of MSPD for extraction of imidacloprid from rice. The
extraction conditions was optimized for obtaining the satisfactory
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Fig. 3. The investigation of matrix effect by comparison of peak areas obtained by
determining imidacloprid which were dissolved in LC mobile phase (a) or blank rice
sample extracts after cleanup by MSPD with MIPs (b) or C18 (c) sorbent.

imidacloprid recovery and reducing the amount of co-extractives
when using C18 as sorbent, for example: 1:2 as the ratio of sample
to C18 (0.5g rice sample and 1.0g C18); 7min as the dispersion
time; 6 mL 10% aqueous methanol as washing solvent and 8 mL
methanol as elution solvent.

The peak areas obtained by determining imidacloprid which
were dissolved in LC mobile phase or blank rice sample extracts
after clean-up by MSPD with MIPs or C18 sorbent were compared
in order to investigate the matrix effect. As can be seen from Fig. 3,
significantion suppression was observed for the imidacloprid when
the sample was cleaned-up by MSPD with C18 as sorbent. In con-
trast, slight ion suppression was observed for the imidacloprid
when the sample was cleaned-up by MSPD with MIP as sorbent. It
proved that the selectivity of the MIP-MSPD method is satisfactory.

3.5. Analytical performance

The specificity of the method was checked by analyzing different
blank rice samples. No interfering peaks and false positive results
were observed in the blank chromatograms (Fig.4), which indicated
that the selectivity of the method is good.
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Fig. 4. LC-MS/MS extracted ion chromatograms obtained by the analysis of the blank (a) and spiked rice sample (b), the spiking level for imidacloprid is 8.0 ng/g.
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Table 1

Analytical performance of the method.
Linearity range LOD LOQ Intra-day precision (RSD, n=6) Inter-day precision (RSD, n=6) Recovery
10-1000 ng/g 2.4nglg 8.0ng/g 4.5-5.9% 4.8-7.1% 85.2-91.5%

The analytical performance parameters of the method are
shown in Table 1. The linearity of imidacloprid which was inves-
tigated by analyzing spiked rice sample was achieved in the range
of 10-1000ng/g with correlation coefficient of 0.997. Limit of
detection (LOD) and limit of quantification (LOQ), defined as the
concentration corresponding to a signal equal to three and ten
times the standard deviation of the blank, were 2.4 and 8.0 ng/g,
respectively. These values were lower than the MRL established by
China (50 ng/g).

Precision was evaluated by measuring relative standard devia-
tions (RSDs) of intra- and inter-day tests. The intra-day precision
was performed by analyzing spiked rice sample six times in 1 day
at three different fortified concentrations of 10, 100 and 500 ng/g.
The inter-day precision was performed over 6 days by analyzing
spiked rice sample at three different fortified concentrations of 10,
100 and 500 ng/g. RSDs of intra- and inter-day tests ranging from
4.5% to 5.9% and from 4.8% to 7.1% were obtained, respectively. In
all three fortified levels, recoveries of the imidacloprid were in the
range of 85.2-91.5%.

In order to validate the feasibility of the method to analyze imi-
dacloprid, the proposed method was applied for analyzing eight
rice samples obtained from different market. In these samples,
four samples are round shaped rice and four samples are long rice.
No imidacloprid residue at detectable levels was found in these
samples. The recovery study was then carried out by spiking rice
samples with the imidacloprid standard at level of 200 ng/g. The
imidacloprid recoveries obtained for different rice samples are not
very significantly different and all in the range of 83.8-92.5%.

4. Conclusions

In conclusion, we have developed a novel MIP-
MSPD-LC-MS/MS method for the selective extraction, separation
and determination of imidacloprid in rice. This method combines
efficient enrichment and eliminating impurities for MIP-MSPD
procedure, highly effective separation for LC analytical method,
and high sensitivity for MS detection. The extraction and clean-up
of analyte were carried out in a single step without additional
purification. The simple and rapid extraction method provides
good repeatability and reproducibility range, high extraction
efficiency and short time compared to other methods. Therefore,
the proposed analytical protocol is a promising trend that could be
exploited in complex sample analysis.
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