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Abstract In this paper, a new version of liquid–liquid
microextraction based on heat-induced homogeneous liquid–
liquid microextraction has been developed for the extraction
and preconcentration of some neonicotinoid insecticides from
fruit juice and vegetable samples followed by their determina-
tion by high-performance liquid chromatography–diode array
detection. In this method, cyclohexyl amine is dissolved in an
aqueous solution thermostated at 0 °C. Then, the solution is
transferred into a heated water bath. During heating, the solu-
bility of cyclohexyl amine in water is decreased and the pro-
duced tiny droplets of the extraction solvent (cyclohexyl
amine) are dispersed in whole parts of the solution. The ob-
tained cloudy solution is centrifuged. Finally, an aliquot of the
extractant is taken and injected into the separation system for
analysis. Various parameters affecting the extraction efficien-
cy such as volume of extraction solvent, temperature, salt
addition, and centrifuging rate and time were evaluated.
Under the optimum conditions, enrichment factors were ob-
tained in the range of 180–235. The linear ranges of the cali-
bration curves were wide. Limits of detection were in the
ranges of 0.38–1.31 and 0.19–0.69 ng mL−1, in vegetable
samples and fruit juices, respectively. Limits of quantification
were in the ranges of 1.23–4.09 and 0.64–1.15 ng mL−1 in the
mentioned samples. Finally, the proposed method was applied

to analyze the target analytes in different fruit juice and veg-
etable samples.

Keywords Liquid–liquidmicroextraction . Neonicotinoid
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Abbreviations
AALLME Air-assisted liquid–liquid microextraction
DES Deep eutectic solvent
DLLME Dispersive liquid–liquid microextraction
HF–LPME Hollow fiber liquid-phase microextraction
IL Ionic liquid
LLE Liquid–liquid extraction
SPE Solid phase extraction
SDME Single drop microextraction

Introduction

In recent decades, food production quality and the conscious-
ness of health and safety in world have increased. On the other
hand, use of insecticides in agriculture is necessary to prevent
or control of fruit diseases or weeds (Wang et al. 2012;
Amadeo et al. 1996). Neonicotinoid insecticides are one of
the most growing insecticides which are active against numer-
ous sucking and biting pests and insects (Shuaihua et al.
2012). These insecticides have developed rapidly since the
first advent of imidacloprid in 1991 (Farajzadeh et al. 2015).
Neonicotinoids include cyano-substituted (acetamiprid and
thiacloprid) and nitro-substituted (dinotefuran, nitenpyram,
thiamethoxam, imidacloprid, and clothianidin) compounds
(Pavle et al. 2015). Due to wide spreading of neonicotinoids
on agricultural land, there are of great notifications to serious
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risks for the health and safety of the consumers. The amended
European Union legislation has set the maximum residue
limits (MRLs) for neonicotinoid insecticides in different agri-
cultural products. Their MRLs for fruits, vegetables, and ce-
reals are between 0.1 and 1.0 mg kg−1 (Commission Directive
2007). Neonicotinoid insecticides are not suitable for direct
analysis using gas chromatography (GC) due to their high
polarity and low volatility (Wang et al. 2012). Therefore,
high-performance liquid chromatography (HPLC) equipped
with different detectors such as diode array (Serenella et al.
2008; Garrido Frenich et al. 2000), ultraviolet (Rosales-
Conrado et al. 2002; Carabias Martinez et al. 1992), mass
spectrometry (Gbylik-Sikorska et al. 2015), and fluorimetry
(Antonio et al. 1999; Garcia et al. 2007) is preferred for them.
Although HPLC is a selective and sensitive method, due to
low concentration of neonicotinoids in different samples and
the complexity of sample matrices, a sample preparation is
still required. Sample preparation is an essential step to sepa-
rate the target analytes from complexmatrices and concentrate
them to obtain high selectivity and sensitivity (Huahua et al.
2009). Liquid–liquid extraction (LLE) (Liu et al. 2010) and
solid phase extraction (SPE) (Fang et al. 2012) are the most
commonly used sample preparation techniques. These proce-
dures are expensive and time-consuming and require large
volumes of hazardous organic solvents. To avoid these diffi-
culties, solid phase microextraction (SPME) (Tsoutsi et al.
2006; Xianlei et al. 2012; Dimitra and Triantafyllos 2001)
has been developed. Although SPME does not use an extrac-
tion solvent, it is time-consuming and labor-intensive.
Recently, several improved liquid phase microextraction
(LPME) techniques having high extraction efficiencies were
reported. LPME is a miniaturized sample preparation method
which was firstly introduced in 1996 (Liu and Dasgupta
1996). This method is a preconcentration method in which
the analytes are extracted from an aqueous solution into mi-
croliter level of an organic solvent. Different modes of LPME
including single drop microextraction (SDME) (Yogesh and
Dhananjay Kumar 2010), hollow fiber-liquid phase
microextraction (HF-LPME) (Cai et al. 2016), dispersive liq-
uid–liquid microextraction (DLLME) (Farajzadeh et al.
2009a, b), solidification of floating organic drop
microextraction (SFODME) (Pelit and Yengin 2014) air-
assisted liquid-liquid microextraction (AALLME)
(Farajzadeh and Afshar Mogaddam 2012), etc. have been re-
ported. A major development in sample preparation involves
quick, easy, cheap, effective, rugged, and safe approach
(QuEChERS) for insecticide residue analysis from different
samples. This method is a simple and straightforward sample
preparation technique suitable for neonicotinoid insecticides
from food and agricultural products (Dankyi et al. 2015; Jiao
et al. 2016). However, its major disadvantage is the low en-
richment factor (EF) that can be achieved (Koesukwiwat et al.
2010). Another extraction procedure, namely homogeneous

liquid–liquid extraction (HLLE), extracts the desired analyte
existing in the homogeneous aqueous solution into a water-
miscible organic phase which then is separated by one phase
separation phenomenon. Temperature or salt addition has
been already studied for phase separation (Murata et al.
1972; Farajzadeh et al. 2016). However, the HLLE method
mentioned above usually require a large amount of hazardous
and volatile organic solvents. In addition, a large amount of
sample is often required and its handling can be time-
consuming besides being tedious, although the methods are
often effective. Therefore, there is a trend towards less organic
solvent consumption, rapidity, simplicity, and miniaturization
of the extraction methods. Subsequently, homogeneous liq-
uid–liquid microextraction (HLLME) has been developed in
recent years (Yazdanfar et al. 2014).

The main goal of this study was to develop a new sample
preparation method by performing a heat-induced HLLME
method. The extraction capability of the developed method
is evaluated using neonicotinoid insecticides as model
analytes from different samples. It is noted that the mentioned
insecticides are frequently used in agricultural activities in
Iran. Therefore, their residues may be found in vegetables
and fruit juices. In this method, initially, an organic solvent
is dissolved in an aqueous sample solution to achieve a homo-
geneous solution at low temperature. Then, the solution is
heated in a water bath. By this action, the extraction solvent
is regenerated and dispersed in whole parts of the solution.
During this stage, the target analytes are extracted into the
extraction solvent. To the best of our knowledge, this is the
first report on the performing of a heat-induced HLLME tech-
nique. It is noted that the former temperature-induced
HLLME methods have been carried out by cooling. To
achieve high extraction efficiency, different parameters will
be studied and optimized.

Experimental

Chemicals and Reagents

The studied insecticides including acetamiprid,
imidacloprid, and thiamethoxam with purity higher than
98% were kindly provided by GYAH Corporation
(Karadj, Iran). Analytical-grade sodium chloride, 1,2-
dibromoethane (1,2-DBE), chloroform, and cyclohexyl
amine were obta ined from Merck (Darmstadt ,
Germany). HPLC-grade water and acetonitrile (ACN)
were purchased from Chemlab (Zedelgem, Belgium). A
stock solution of insecticides (100 mg L−1 of each an-
alyte) was prepared by dissolving a specific amount of
each insecticide in ACN. Working solutions were pre-
pared daily by appropriate dilutions of the stock solu-
tion with HPLC-grade water.
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Samples

The vegetable samples including beet, cucumber, potato, and
tomato were purchased from a local store (Tabriz, Iran). The
samples were squeezed by a juice extractor (JE600T,
Kenwood, England). The obtained juices were centrifuged at
2191×g for 6 min, and then, the supernatants were diluted at a
ratio of 1:4 with HPLC-grade water and then subjected to the
proposed procedure. The fruit juice samples including apple,
grape, and sour cherry from different brands were purchased
from local supermarkets (Tabriz, Iran). All fruit juices were
diluted at a ratio of 1:2 with HPLC-grade water and exposed
to the proposed microextraction method.

Apparatus

Quantitative analysis of the selected insecticides was per-
formed on a Hewlett–Packard 1090–II liquid chromatograph
(Palo Alto, CA, USA) equipped with a diode array detector
(DAD). An Alltech Alltima analytical C18 column
(150 × 4.6 mm id, 5 μm particle size) (Fisher Scientific,
Massachusetts, USA) was used for the separation. The selec-
tivity and sensitivity of HPLC-DAD depend on mobile phase
composition and its flow rate (Meyer 1994). Optimization of
these parameters was performed by direct injection of the
target analytes at a concentration of 100 mg L−1 (each ana-
lyte). For this purpose, ACN and water compositions were
altered at the ratios of 35:65, 30:70, 25:75, and 20:80, v/v.
The obtained results showed that better resolution factor was
obtained at the ratio of 25:75, v/v, ACN/water. Flow rate of the
selected mobile phase was studied at the range of 0.7–
1.3 mL min−1, and suitable result was obtained at
1 mL min−1. Therefore, the mobile phase was ACN/water
(25:75, v/v) mixture delivered at a flow rate of 1 mL min−1.
Monitoring of the analytes was done at 271 nm for
imidacloprid, 253 nm for thiamethoxam, and 244 nm for
acetamiprid. Data acquisition and processing were done using
ChemStation software. A D-7200 centrifuge from Hettich
(Kirchlengern, Germany) was used in the sample preparation.

Microextraction Procedure

In 5 mL HPLC-grade water spiked with 100 ng mL−1 of each
analyte or sample solution (see BSamples^ Section), 1.00 g
NaCl (20%, w/v) was dissolved into a 15-mL glass test tube
with conical bottom. The solution was placed into an ice bath
for 2 min, and then 89 μL cyclohexyl amine (as the extraction
solvent) was added. By manual shaking, a homogeneous so-
lution was formed. After that, the tube was transferred into a
water bath thermostated at 70 °C for 3 min. During this step,
the solubility of cyclohexyl amine into water was decreased
and a cloudy solution due to formation of the fine droplets of
cyclohexyl amine was obtained. Subsequently, the cloudy

solution was centrifuged at 1610×g for 5 min, and the aqueous
phase was removed by a 5-mL syringe. The organic phase
collected at the bottom of the tube was 20 ± 1 μL. Finally,
10μL of the extractant was taken and injected into the HPLC–
DAD system for analysis.

Calculation of EF and ER

EF was calculated as the ratio of the target analyte concentra-
tion in the collected organic phase (Ccoll) to its initial concen-
tration in aqueous solution (C0) (Farajzadeh et al. 2016):

EF ¼ Ccoll

C0
ð1Þ

Extraction recovery (ER) is defined as the percentage of the
total amount of analyte that is extracted into the collected
organic phase. The following equation was used for ER cal-
culation (Zhang et al. 2012).

ER% ¼ ncoll
n0

� 100 ¼ Ccoll�Vcoll

C0�Vaq

� 100

¼ EF� Vcoll

Vaq
� 100 ð2Þ

where Vcoll and Vaq represent the volumes of the collected
organic phase and the aqueous solution, respectively. Also,
ncoll and n0 are the amount of analyte in the collected organic
phase and the initial aqueous solution, respectively.

Results and Discussion

To obtain the optimum experimental conditions of the pro-
posed method, some important variables that can affect effi-
ciency of the method including type and volume of extraction
solvent, ionic strength, and extraction temperature and time
should be optimized. The peak areas were employed as the
responses in the optimization of the procedure.

Selection of Extraction Solvent Type

The selection of an extraction solvent is an important param-
eter in the extraction efficiency of the developed method. The
properties of extraction solvent should meet the following
requirements: (1) immiscible with water, (2) low toxicity, (3)
good solubility for the analytes, and (4) good chromatographic
behavior. On the other hand, considering this fact that the
developed method is a heat-induced HLLE method and dis-
persion of the extraction solvent is performed in an elevated
temperature, the main parameter in the selection of the extrac-
tion solvent is decreasing extraction solvent solubility in the
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aqueous phase by temperature increasing. Therefore, based on
the mentioned requirements and preliminary experiments,
three different extractants including chloroform, 1,2-DBE,
and cyclohexyl amine were tested as the extraction solvents.
In all experiments, the temperature of the aqueous solution
containing 25 ng mL−1 of each analyte was adjusted at 0 °C,
and then 26μL of 1,2-DBE, 70μL of chloroform, and 145 μL
of cyclohexyl amine were added, separately. Different vol-
umes for various solvents were used to obtain a similar vol-
ume (20 ± 1) for the collected phase. It is mentioned that the
solvents have different solubilities in water, and it is necessary
that different initial volumes of them are used to obtain the
same volume for the collected phase. By manual shaking, the
homogenous solutions were obtained. Then, the solutions
were heated at 40 °C in a water bath for 3 min. By this action,
the solubility of the used extraction solvents was decreased
and the extraction solvents were dispersed as tiny droplets in
whole parts of the solution. Figure 1 shows the variations of
ER vs. extraction solvent type. According to the obtained data,
cyclohexyl amine is the most effective extraction solvent and
gives the highest extraction efficiencies for the target analytes
among the tested solvents. Then, it was selected as the extrac-
tion solvent in the subsequent experiments.

Study of Extraction Solvent Volume

The volume of extraction solvent is an essential parameter in
all LPMEmethods which is effective on the analytical signals.
Generally, the extraction solvent volume is selected as small
as possible in order to attain the high EFs and the least toxicity
hazards for the environment. On the other hand, the collected
organic phase volume after performing the method should be
enough for the subsequent analysis. In order to select the ex-
traction solvent volume, different volumes of cyclohexyl

amine (120, 135, 145, 160, and 170 μL) were subjected to
the same extraction procedure. The obtained results indicated
that the analytical signals increased with decreasing the ex-
traction solvent volume in the tested range. However, the vol-
ume of the collected organic phase decreased from 45 to
13μLwith reducing the volume of the extraction solvent from
170 to 120 μL. As a result, at low volumes of the extraction
solvent, high analytical signals are attainable. But, it is re-
markable that in the case of 120 μL cyclohexyl amine, the
volume of the collected organic phase was low and the repeat-
ability of the method was not suitable. Thereby, in the follow-
ing studies, the volume of the extraction solvent was selected
135 μL in which 20 ± 1 μL organic phase was collected after
performing the method.

Heating Temperature and Time

The main parameter in the performing of this method is the
temperature of aqueous phase. In this method, the solubility of
the selected extraction solvent is decreased at high tempera-
tures and the extractant is dispersed in the whole parts of the
solution as tiny droplets. On the other hand, the aqueous so-
lution temperature can affect the diffusion and distribution
coefficients of the selected analytes, and it is a driving force
for better dispersion of the extraction solvent into the aqueous
solution. High temperatures increase the contact area between
the extractant and the sample increases, and hence mass trans-
fer rates of the analytes are improved. The optimization of the
aqueous phase temperature was carried out using a series of
experiments performed at the temperature range of 0–90 °C at
a constant extraction time (3 min). It is noted that at the tem-
peratures less than 30 °C, the solution was not turbid and the
method became useless. Based on the results in Fig. 2 at tem-
peratures higher than 30 °C, the extraction efficiency of the

Fig. 1 Selection of extraction solvent type. Extraction conditions:
aqueous sample volume, 5 mL deionized water spiked with 25 ng mL−1

of each analyte adjusted at 0 °C; extraction solvent, 1,2 DBE (26 μL),
chloroform (70 μL), and cyclohexyl amine (145 μL); water bath
temperature, 40 °C; heating time, 3 min; without salt addition;
centrifuge rate, 1610×g; and centrifuge time, 5 min. The error bars
show the minimum and maximum of three repeated determinations

Fig. 2 Effect of extraction temperature on the extraction efficiency.
Extraction conditions are the same as used in Fig. 1, except that
(135 μL) cyclohexyl amine was used as the extraction solvent. The
error bars show the minimum and maximum of three repeated
determinations
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method increases until 70 °C and then remains constant. So,
70 °C was selected in the subsequent experiments.

On the other hand, the heating time is another impor-
tant parameter in the efficiency of the developed method.
To evaluate the effect of heating time on the performance
of the method, the aqueous solution temperature was ad-
justed at 70 °C by its placing into the water bath for 0.5,
1.0, 3.0, 5.0, 7.0, and 10 min. The results indicated that
by increasing the heating time until 3 min, the analytical
s igna ls inc reased and then remained cons tan t .
Consequently, 3 min was selected as the suitable heating
time for the next experiments.

Salt Addition Effect

The influence of ionic strength was investigated by
adding different concentrations of NaCl (0–30%, w/v).
The addition of a salt to the sample solution increases
the ionic strength of the aqueous phase which leads to
decreasing the solubility of the analytes in the sample
solution. This promotes their transferring into the organic
phase because of the salting out effect. In order to obtain a
constant volume ratio of the aqueous phase to the organic
phase, the experiments were performed using different
volumes of the extraction solvent to achieve 20 μL of
the collected organic phase volume after performing the
developed method (135, 124, 113, 103, 89, 78, and 68 μL
for 0.0, 5.0, 10, 15, 20, 25, and 30%, w/v, NaCl, respec-
tively). The results in Fig. 3 show that ERs of the analytes
increase with increasing NaCl concentration up to 20%,
w/v, and then decrease gradually in the cases of higher
concentrations of NaCl. This is due to increase in the
aqueous solution viscosity which leading to mass transfer
resistance into the aqueous phase. Therefore, 20%, w/v,
NaCl was used in the subsequent experiments.
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Fig. 3 Study of salt addition. Extraction conditions are the same as used
in Fig. 2, except the extraction temperature which was adjusted at 70 °C.
The extraction solvent volume ranged from 135 to 68 μL by increasing
NaCl concentration from 0 to 30%, w/v. The error bars show the
minimum and maximum of three repeated determinations
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Optimization of Centrifuging Speed and Time

Centrifugation is an important process to achieve a rapid sep-
aration of the extractant droplets from the aqueous phase.
Centrifugation speed and time were studied in the ranges of
402–2191×g and 2–6 min, respectively. The obtained results
indicated that the efficiency of the method increased with
increasing centrifugation speed and time up to 1610×g
and 5 min, respectively, and then the analytical signals
were nearly constant. Therefore, centrifugation speed

and time were chosen 1610×g and 5 min, respectively,
in the following experiments.

Method Validation

The analytical figures of merit for the proposed method were
calculated under the optimized experimental conditions
established above. The analytical performance of the proposed
method was evaluated in terms of linear range (LR), correla-
tion coefficient, repeatability, EF, ER, and limits of detection
(LOD) and quantification (LOQ) according to DG SANCO
Guidelines 296 (European Commission 2011). The obtained
results are summarized in Table 1. The wide LRs were obtain-
ed with correlation coefficients ranging from 0.994 to 0.999.
The LODs, calculated on the base of signal to noise ratio (S/N)
of 3, ranged from 0.09 to 0.32, 0.68 to 13.1, and 0.34 to
0.69 ng mL−1 in de-ionized water, vegetable samples (beet,
potato, cucumber, and tomato), and fruit juices (apple, grape,
and sour cherry), respectively. The LOQs (S/N = 10) ranged
from 0.30 to 1.0, 2.23–4.09, 1.12–2.05 ng mL−1 in de-ionized
water, vegetable samples (beet, potato, cucumber, and toma-
to), and fruit juices (apple, grape, and sour cherry), respective-
ly. The EFs and ERs for the selected insecticides ranged from
180 to 235 and 72 to 94%, respectively. The relative standard
deviations (RSDs) at a concentration of 5 ng mL−1 of each
analyte were in the ranges of 4–5 and 5–7% for intra-day
(n = 6) and inter-day (n = 4) precisions, respectively. The
accuracy of an analytical method describes the closeness of
the mean experimental results obtained by the method to the
true value (concentration) of the analyte. The bestway to eval-
uate the accuracy of a method is its application to Certified
Reference Materials (CRMs) analysis. Unfortunately, there is
noCRMfor the studied analytes. Furthermore, noother analyt-
ical method was reported in literature for determination of all

Fig. 4 Typical HPLC–DAD chromatograms of direct injection of a
standard solution of the analytes prepared in ACN (10 mg L−1 of each
analyte) (I), the potato juice spiked with 25 ng mL−1 of each analyte (II),
and the unspiked potato juice after performing the proposed method (III).
Detection wavelength was 244 nm. For more chromatographic
conditions, see the BExperimental^ Section. Peaks identification:
acetamiprid (1), imidacloprid (2), and thiamethoxam (3)

Table 2 Results of assays to
check the sample matrices effect
for the selected insecticides

Analyte Mean relative recovery ± standard deviation (n = 3)

Grape Apple Sour cherry Tomato Cucumber Potato Beet

All samples were spiked with each analyte at a concentration of 10 ng mL−1.

Acetamiprid 94 ± 4 90 ± 5 92 ± 5 91 ± 4 91 ± 6 94 ± 5 95 ± 4

Imidacloprid 92 ± 3 88 ± 4 91 ± 4 96 ± 5 89 ± 5 90 ± 4 97 ± 3

Thiamethoxam 95 ± 4 93 ± 5 94 ± 5 94 ± 3 90 ± 4 93 ± 4 92 ± 5

All samples were spiked with each analyte at a concentration of 25 ng mL−1.

Acetamiprid 96 ± 5 88 ± 5 90 ± 4 94 ± 5 86 ± 5 93 ± 4 87 ± 5

Imidacloprid 94 ± 4 92 ± 5 95 ± 4 89 ± 4 95 ± 6 91 ± 5 94 ± 4

Thiamethoxam 91 ± 4 86 ± 6 93 ± 5 91 ± 5 89 ± 6 88 ± 5 93 ± 5

All samples were spiked with each analyte at a concentration of 50 ng mL−1.

Acetamiprid 92 ± 5 91 ± 4 96 ± 4 90 ± 5 87 ± 5 94 ± 4 91 ± 5

Imidacloprid 97 ± 5 87 ± 4 93 ± 5 91 ± 4 94 ± 4 96 ± 5 92 ± 5

Thiamethoxam 90 ± 4 89 ± 5 96 ± 4 93 ± 6 92 ± 4 95 ± 5 88 ± 5

The samples were diluted as mentioned in BSamples^ section

Food Anal. Methods (2017) 10:3738–3746 3743



analytes used in the studied samples.Therefore, the accuracyof
themethodwas determined by added-foundmethod using five
replicate determinations at 5 and 25 ng mL−1 levels (each ana-
lyte), and the obtained deviations were less than 6% for all
analytes. These results show that the method is sensitive and
suitable for the analysis of the selected insecticides in aqueous
samples.

Real Samples Analysis

The method applicability to real samples was investigated
by analyzing different fruit juices including apple, grape,
and sour cherry and vegetables including fresh tomato,
cucumber, potato, and beet under the optimized condi-
tions. Figure 4 shows the typical HPLC–DAD chromato-
grams for a standard solution of the analytes (direct injec-
tion), the potato sample, and the spiked potato sample in
those the developed method was performed prior to chro-
matographic separation. As it can be seen, there is no
peak in the retention times of the analytes in the potato
sample chromatogram. According to the obtained results,
analytes’ contents of all samples were lower than LODs
of the method. To assess the matrix effect, the samples
and HPLC-grade water were spiked with the analytes at
different concentrations (10, 25, and 50 ng mL−1 of each
analyte) and the method was performed on them. As men-
tioned in BSamples^ section, fruit juices and vegetable
juices were diluted with HPLC-grade water at ratios of
1:2 and 1:4, respectively. It is noted that the undiluted
samples showed relatively high matrices effects.
Comparison of the analytes peak areas in the samples
and the HPLC-grade water spiked with the related levels
gave relative recoveries between 86 and 97% (Table 2).
According to the results, matrices of the real samples had
no significant effect on the performance of the developed
method. The obtained results show that the proposed
method can be used as an applicable and adequate method
for the analysis of the selected neonicotinoid insecticides
in fruit juice and vegetable samples.

Comparison of the Developed Method with Other
Methods

Table 3 indicates the values of LOD, LR, RSD, extraction
time, and ER of the proposed method and the other methods
for the extraction and determination of the selected insecti-
cides from different samples. As it can be seen, the RSDs of
the proposed method are better than or comparable with those
reported for the other methods. The LODs and LOQs for the
presented method are lower than those of the mentioned
methods. On the other hand, the developed method has wider
linear range compared to the other methods. The extraction
time and ER of the proposed method are comparable with T
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those of the mentioned methods. These results show that the
presented method proves to be a rapid, sensitive, efficient, and
reliable technique for the extraction and preconcentration of
the selected neonicotinoid insecticides from different samples.

Conclusion

A simple, sensitive, and reliable analytical method based on
heat-induced HLLME combined with HPLC–DAD was de-
veloped for the extraction and determination of low concen-
trations of the selected neonicotinoid insecticides in fruit juice
and vegetable samples. The experimental results demonstrate
that this technique exhibits many merits such as high ERs and
EFs, low LODs, and LOQs short extraction time, and good
repeatability. In views of the simplicity, speed, and efficiency
that were observed, this method is recommended for analyz-
ing the target analytes in other matrices.
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