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Abstract

In this study, a simple and sensitive method was developed for pre-concentration of spirotetramat (SPT) using the
ionic liquid-based dispersive liquid-liquid microextraction. After extracting of SPT into 1-butyl-3-
methylimidazolium hexafluorophosphate (ionic liquid), the insecticide was injected into HPLC system for
determining. Under the optimum conditions, the developed method provided a linearity in the range of 0.05-2.0
pg mL! with R? = 0.9987, and also enrichment factor was 250. The detection limit and relative standard deviation
of the developed method were 0.01 pg mL-!' and 2.7%, respectively. The proposed method was successfully
applied to the pre-concentration and determination of SPT in spiked water samples with mean recoveries 94.0-

96.0%.
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1. INTRODUCTION

Spirotetramat (SPT) [cis-3-(2,5 dimethlyphenyl)-
8-methoxy-2-oxo-1-azaspiro[4.5]dec-3-en-4-yl
ethyl carbonate] is a novel keto-enol and an
effective tetramic acid-based insecticide [1, 2],
that can be used in agricultural products and
various pest insects containing pyrethroids,
organophosphates, neonicotinoids, insect growth
regulators, and carbamates [3-5]. Selectively,
action of STP is in the insect nervous system by
inhibiting nicotinic acetylcholine receivers [6].
Also, when SPT operates as lipid biosynthesis
inhibitors, it can be decreased fecundity and
fertility until ingested orally by immature life
stage forms of sucking pests [7] and leading to
death of juvenile insects such as whiteflies,
aphids, psyllids, and scales within 2 to 10 days
after application [8]. Application of SPT is
identified with active over a broad temperature
range, has excellent photostability and good
residual activity and does not harm crops [7]. The
outcomes are given that SPT has highly favorable
toxicological and ecotoxicological profile [1].
Additionally, SPT is included in the description
for implement and risk evaluation purposes in
primary crops. Therefore, it is still necessary that
sensitive and selective methods to be developed
for the extraction and determination of SPT.

Ionic liquids (ILs) are salts composed of organic
cations and various anions with the melting point
lower than 100 °C. The application of ILs in

analytical chemistry, especially to separation
fields, is valuable because these solvents have
properties including negligible vapor pressure,
good thermal stability, tunable viscosity and
miscibility with water and organic solvents, as
well as good extractability for various organic
compounds. ILs have been used as
environmentally friendly solvents for green
chemistry, and they are good substitutes for
volatile and flammable organic solvents [9]. The
water miscibility of IL ions can be ordered. The
select of anion has the greatest effect on
controlling hydrophobicity [10]. Extra types of
reactions have been done in ILs [11]. The earliest
reports on ILs were the evaluation of the anions

properties of hexafluorophosphate ([PFe] ),
tetrafluoroborate ([BF4] ) [12], haloaluminate
([AICL] ) [13], bis(trifluoromethanesulfonyl)
imide ([NTf;] ) and perfluoroalkylphosphate
([FAP] ) [14]. It has been demonstrated that 1-
alkyl-3-methylimidazolium cation based on
([PFe] ) and ([BF4] ) exhibits similar properties
which are often still absorb moisture that caused
to change the physical and chemical properties of
the liquids [10, 15], while ([AICLs] ) is sensitive
to moisture and ([NTfz] ) or ([FAP]) less
moisture sensitive than the others [16]. Carda—
Broch et. al. demonstrated that 1-butyl-3-
methylimidazolium hexafluorophosphate [BMIM]
[PFe] is a typical example of a room temperature
IL forming a biphasic liquid system with water

*Corresponding Author: sheibani@iauyazd.ac.ir or alisheibani@ymail.com



F. Nourpishe et. al/ Ionic Liquid-Based Dispersive .... | 89

[17]. The unique properties of [BMIM][PF¢] was
reported by wusing in a wide range of
stoichiometric, as well as catalytic reactions [18].
Furthermore, imidazolium salts of [PFs] or
[BF4] are suited for liquid—liquid extraction and
microextraction processes [19, 20].

Dispersive liquid-liquid microextraction (DLLM
E) is a novel technique for extraction of analytes
from aqueous solutions. Assadi et. al
demonstrated that DLLME is a fast and simple
pre-concentration/microextraction technique for
analysis of various samples [21-23]. Recently,
Pastor-Belda et. al. evaluated pesticides in soils
by DLLME coupled with liquid chromatography
and tandem mass spectrometry [24]. The
combination of IL with DLLME provides the
additional advantages of producing directly the
analysis extracts by HPLC while avoiding the use
of toxic chlorinated solvents [25-27]. According
to the performed studies, HPLC can be more
practical interest for determination of SPT [28—
33]. As a result, following this strategy; a new
method using DLLME technique combined with
HPLC was developed for pre-concentration and
determination of SPT, in present work. Herein,
[BMIM][PF6] played the role of a extracting
solvent for the pre-concentration and extraction of
SPT from aqueous solutions and then, SPT
containing IL was injected into HPLC system for
measurement. Finally, the developed sample
preparation technique was applied for a selective
pre-concentration/extraction  of SPT  from
agricultural water samples. The novelty of the
present research deals with the analysis of SPT in
water samples with significant advantages such as
extraction time, enrichment factor, volume of
used IL (<80 pL), and fast determination by
HPLC. The developed microextraction procedure
was also simpler than conventional extraction
techniques.

2. EXPERIMENTAL

2.1. HPLC apparatus and conditions

The HPLC system (Waters model 600E, U.S.A)
used equipped with a helium degassing facility,
auto-injector (Rheodyne model, 71251 U.S.A)
with  10-uL loop, apBondapak Cis column
(Waters, Ireland) [300 x 3.9 mm id, 5.0 pm
particle size] and UV-Vis (2487 waters) detector.
The mobile phase consisted of 45:55 (%v/v)
acetonitrile in water was used in this study. The
prepared mobile phase was filtered using PTFE
membrane filter and Supor-450 (Model Waters
Corporation, U.S.A). It was pumped isocratically
at a flow rate of 1.0 mL min’!. The detector was
utilized at 240 nm. Samples were injected via a
model Millex-LCR (Ireland) syringe loading
sample injector (0.45 pm).

2.2. Materials and reagents

SPT (95%) was obtained from Aldrich
(Steinheim, Germany). Standard stock solution of
SPT (10 pug mL") was prepared by dissolving
appropriate amount of SPT in mixture (45:55
%v/v) of acetonitrile and water as solvent.
Acetonitrile and methanol solvents with HPLC
grade were purchased from Merck. [BMIM][PF¢]
was supplied from Aldrich. All materials used
were of analytical-reagent grade and also the
deionized water was used throughout the
experiments. Agricultural water samples were
collected from the local area of firoozabad of
Iran.

2.3. DLLME procedure

A 10.0 mL of deionized water containing 1 pg
mL" SPT (pH 8.0) was placed in a glass test tube
with conical bottom. 1.5 mL acetone (as disperser
solvent) containing 80 pL [BMIM][PFs] (as
extracting solvent) was injected quickly using a
syringe into a sample solution. A cloudy solution
was rapidly formed that must be stabled for a few
min. After centrifugation at 4000 rpm for 10 min,
the IL-rich phase was sedimented at the test tube.
Then, the upper aqueous phase was removed with
a syringe and IL phase was separated and
dissolved in 0.2 mL of acetonitrile. Finally, the
obtained mixture was injected into the HPLC
system for SPT measurement.

3. RESULT AND DISCUSSION

3.1. HPLC Optimization

Due to the chemically structure of SPT
particularly regarding its aromatic,
chromatography column and analysis conditions
should be investigated and optimized even though
its retention and separation is possible with
reverse phase column. The separation yield was
depended on the ability of a column to separate
the SPT. Intensity of SPT transitions at tested
pBondapak Cig column was higher than Nova-
Pak Ci3, Symmetry Cis, Finepak SIL Cis,
Reprosil Cig and Zorbax: Eclipse XDB (data not
shown). Thus, the pBondapak Cis column was
used to obtain the better separation. The typical
chromatogram of SPT in agriculture water as a
real sample (before and after spiking) using
pBondapak Cig column was shown in Fig. 1.
Modification of the mobile phase delivered to the
column and its proportion were found to be the
most important factor. In proposed method,
various mobile phase compositions (acetonitrile—
water and methanol-water) were investigated and
evaluated. Finally, SPT was well separated using
acetonitrile—water consisted of 45:55 (%v/v) in a
flow rate 1.0 mL min'.
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Fig. 1. Chromatogram of SPT in agriculture .v.vater as a
real sample, before (a) and after (b) spiking.

3.2. Optimization of the experimental parameters
for DLLME

The factors influencing the microextraction
efficiency of SPT including: extraction and
disperser solvent (type and volume), extraction
and centrifugation time, pH and the diluent
solvent volume were studied, and the optimized
experimental conditions were established.

3.2.1. Effect of the disperser solvent (type and
volume)

The disperser solvent should be miscible in both
water sample and extraction solvent. It also has to
disperse the extraction solvent in water sample.
These are important characteristics for choosing
the dispersive solvent. Furthermore, the
combination of dispersive and extraction solvent
has a key role on DLLME technique.

Acetone, acetonitrile and methanol have been
applied in the most reported procedures of
DLLME for different analytes. In this study,
results showed that acetone was the best disperser
solvent in developing the DLLME for SPT from
water samples.

Optimization of volume of the dispersing solvent
performed in further step. This factor can affect
on formation of dispersion process. In the
following, various volumes of acetone (0.5, 1.0,
1.5, 2.0 and 2.5 mL) containing extracting solvent
(80 pL) were added to aqueous sample. Then,
DLLME and determining with HPLC system
were made. The results showed significant
dependence of extraction on the dispersing
solvent volume. The best extraction efficiency
(recovery) was obtained for 1.5 mL of acetone.
The weak recoveries for lower dispersing solvent
volumes can be related to form of unstable
dispersion. Increasing solubility of [BMIM][PFs]
as the extracting solvent in high volumes (>1.5

mL) of acetone lead to reduce the recovery
results. Therefore, 1.5 mL was selected as the
optimum volume of acetone for obtaining the best
extraction recovery.

3.2.2. Extraction time

Extraction time is an effective factor for obtaining
a complete and fast extraction. Herein, extraction
time is defined as the time interval between the
injection of the mixture of disperser solvent and
extraction solvent into the aqueous solution and
starting to centrifuge. Short extraction time is a
significant advantage of DLLME technique. Fig.
2 showed the effect of extraction time over the
range of 1-5 min in the recovery results. It is seen
that transfer of SPT from aqueous phase into IL
phase reached equilibrium state quickly after 4
min, and then were constant. This time was short
and also enough for rapid and complete extraction
by IL-DLLME. Accordingly, extraction time 4-5
min was used for further experiments.
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Fig. 2. Effect of extraction time on extraction recovery
of SPT.

3.2.3. Centrifugation time

After optimizing the extraction time, the
centrifugation time was examined in the range of
2-12 min at 4000 rpm. During this process,
[BMIM][PFs] was deposited at the bottom of
conical test tube. The extraction efficiency
increased up to 10 min and then, the sedimented
phase had not obviously increasing. Hence, for
saving time of extraction process; 10 min was
selected as the optimum centrifugation time.

3.2.3. Volume of BMIM[PF 4] (extraction solvent)

The extracting solvents must have low solubility
in water and potential for extracting analytes.
[BMIM][PFs] has been used as an extracting
solvent in extraction process. Capability, water-
immiscibility, hydrophobicity and viscosity are
the main advantages of it for separation and pre-
concentration purposes [19, 20]. The volume of
[BMIM][PFs] as the extracting solvent (similar to
the volume of dispersion solvent) is another
important factor that should be optimized.
Various volumes of [BMIM][PFe¢] including:
20.0, 50.0, 80.0, 110.0, 140.0 puL of IL were



F. Nourpishe et. al/ Ionic Liquid-Based Dispersive .... | 91

added into 10.0 mL of sample solutions for the
extraction of SPT, according to the general
procedure and optimized conditions that were
obtained in previous steps. The dependence curve
(Fig. 3) with maximum recovery at 80 uL proved
the effect of extracting solvent volume on the
recovery of SPT. In smaller volumes than 80.0
puL, analyte transfer into extracting solvent was
not complete and since the larger volumes did not
lead to more extraction; therefore, 80.0 pL of
[BMIM][PF¢] was used in further experiments.
The low volume of extraction solvent in the
present work is an advantage that can increase the
enrichment factor.

bt o wiseit il 1l
Fig. 3. Effect of [BMIM][PF6] volume on extraction
recovery of SPT.

3.2.4. pH of the SPT solution

The optimum pH of SPT solution for the DLLME
procedure is based on the chemical nature of the
analyte. Since SPT is a basic compound, the
better recovery was expected at basic pH, at
which it is non-ionized. The effect of pH was
studied in range of 4-10 which exposed to the
extraction procedure at the same conditions.
According to the obtained results which
illustrated in Fig. 4, the highest SPT extraction
efficiency to interact and transfer to [BMIM][PFs]
phase was observed at pH 8.0. The low extraction
recoveries were probably due to formation a
ionized compound because of the reaction of
proton with pair electrons on SPT (in the acidic
pHs) and also the degradation of formed micelle
(in the basic pHs). Therefore, further studies were
performed at pH 8.0.

Fig. 4. Effect of pH on extraction recovery of SPT.

3.2.5. Effect of the volume of diluent solvent

The main criterion for selection of the diluent
solvent is compatibility with mobile phase for
injection into HPLC system and to obtain the
symmetric peaks. Different volumes of
acetonitrile (0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 mL)
containing IL-rich of SPT was injected into
HPLC system. According to the obtained results,
the maximum extraction efficiency (near to
100%) was achieved at 0.2 mL of acetonitrile.
Due to dilution, the extraction efficiency of
developed method for SPT analysis decreased in
the higher volumes of 0.2 mL. Therefore, this
volume was selected as the optimum value of
diluent solvent and also to reduce cost.

3.3. Analytical performance of the proposed
method

For validating of the proposed method: linearity,
accuracy, precision and limit of detection were
determined. Under the optimized conditions, the
calibration curve was drawn for extracting
different concentrations of SPT (0.05-2.0 pg mL~
1) from aqueous solutions into [BMIM][PF¢] and
injecting the SPT-containing IL into HPLC
system. The linear relationship between SPT
concentration and peak area (Y = 43786 X +
2198.1; X= SPT concentration as pg mL’') is
revealed whose correlation coefficient (R?) is
0.9987. In order to calculate the enrichment factor
and extraction recovery (%), equations (1) and (2)
were used:

— Csed
EF = =2 (1)

where EF, Csq and Cy are the enrichment factor,
the analyte concentration in sediment and aqueous
samples (initial), respectively. Cs.s Was calculated
from the calibration curve of insecticide standard
solution in the applicable concentration range.

R = SseaVsed 5 100 = EF x 24 x 100 (2)
COVaq Vaq

where R%, Ve, Vi, are the extraction recovery
(%), the volume of the sediment phase and the
volume of aqueous sample, respectively.

The enrichment factor was calculated based on
the equation (1) that was found to be 250. The
limit of detection (LOD) defined as 3Sy/m (S is
the standard deviation of the blank and m is the
slope of the calibration curve) that was calculated
to be 0.01 pg mL-!. The precision of method was
reported as relative standard deviation (RSD%), 5
replicate determinations of retention time and the
peak area were calculated and found to be 1.3 and
2.7%, respectively.

3.4. Measurement of SPT in real samples
The accuracy and applicability of proposed
method were evaluated to determine SPT in
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agricultural water. Water samples spiked with
SPT at concentration levels of 0.5 and 1.0 pg mL~
! were analyzed using the presented method for
analyte extraction and determination. For each
sample, analysis was repeated for five times. The
results were averaged and reported as mean +
standard deviations (SD). Recovery values were
calculated and listed in Table 1. Results indicated
that proposed IL-DLLME-HPLC for the pre-
concentration and quantification of SPT in tested
water samples were satisfactory (within 94.0—
96.0%).

Table 1. Analysis of SPT in a water sample using the
IL-DLLME-HPLC proposed method.

Added Found (%) Recovery

Sample (ugml)  (ugml) (%)

0.47 £0.03 94.0
0.96 £0.05 96.0

0
Agricultural ) 5
water (well) :00

Mean =+ standard deviation (n =3)

In addition, the accuracy and precision of the
proposed method were compared with to those of
other published methods used for the SPT
analysis in different samples (Table 2). According
to this Table, the proposed method presented the
satisfactory results that are better or comparable
to other reported methods [8, 29, 32-34]. The
method can be easily adopted for analysis of
spirotetramat in other matrices for pesticide
residue analysis.

4. CONCLUSION

This paper describes a new method for pre-
concentraton/extraction and quantification of
SPT. To achieve the goal of this work, an
integrative and multidisciplinary approach has
been successfully applied involving: using IL as
extracting solvent at DLLME (sample
preparation) and the development of HPLC for

analyte determining. The LOD and other aspects
of method performance were good. Regarding the
obtained results, the developed method in this
work could be considered as an alternative for the
analysis of water samples for SPT.
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