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Abstract

In the present work, magnetic graphene oxide—based solid-phase extraction combined with dispersive liquid-liquid
microextraction has been developed for the extraction and preconcentration of some widely used pesticide residues in juice
and pulp of fruits before their determination with gas chromatography—flame ionization detection. In this method, an appropriate
weight of a synthetic magnetic graphene oxide is added into fruit pulp and homogenized for a specified time. Then, the magnetic
graphene oxide containing the adsorbed pesticides is separated from pulp using a magnet and the pesticides are desorbed using an
appropriate volume of a water-miscible organic solvent. In the following, the eluent is mixed with a low water-soluble extraction
solvent (at a microliter level) and rapidly dispersed into the fruit juice. The optimum conditions were found to be 150 mg of
magnetic graphene oxide, 4.0 min for extraction time, 1.0 mL of acetonitrile as the eluent, 4.0 min for adsorption time, and 105
uL of chloroform as an extraction solvent. An excellent linearity was achieved in the range of 3.5-10,000 ug kg ' (* > 0.997).
The limits of detection and quantification ranged from 1.0-6.0 ug kg ' and 3.5-20 ug kg ', respectively. A good repeatability
was obtained with the relative standard deviation < 9%. Furthermore, extraction recoveries and enrichment factors were in the
range of 69-81% and 340-399, respectively.

Keywords Magnetic graphene oxide - Dispersive liquid—liquid microextraction - Fruit juice and pulp - Pesticide - Sample
preparation

Introduction

Fruits and vegetables form the major component of food con-
sumed by humans because of their high nutritional value and
are therefore not surprising to know that many nutritional
experts and other health professionals recommend the daily
intake of them (Fernandes et al. 2012). However, at the same
time, they can be a source of toxic substances such as
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pesticides (Knezevi¢ and Serdar 2009). Although the use of
pesticides in the agricultural applications provides a wide
range of beneficial effects, their misuse can result in unaccept-
able levels of their residues in the products such as fruits
(Timofeeva et al. 2017). Thus, the determination of pesticide
residues in fruits are essential for the sake of human health.
Many techniques such as gas chromatography (GC)
(Fernandes et al. 2018; Lu et al. 2012; Valles et al. 2012), high
performance liquid chromatography (HPLC) (Ma et al. 2018;
Romero-Gonzalez et al. 2008; Wang et al. 2018b), and capil-
lary electrophoresis (Bakar et al. 2012; Juan-Garcia et al.
2010) were applied for the determination of pesticides at trace
levels in real samples. Although the above-mentioned
methods are sensitive instrumental techniques of analysis, an-
other step known as sample preparation is still required. A
perfect sample preparation method should be able to extract
the analytes from the sample matrix and transfer them into a
suitable phase for injection into instrumental system. Solid-
phase extraction (SPE) (Moreno et al. 2018; Zhao et al. 2018)
is one of the most common sample preparation methods. Up
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to now, different types of sorbents such as Cyg, polystyrene—
divinylbenzene-based polymers, etc. have been utilized in
SPE (Augusto et al. 2013). In recent years, magnetic sorbents
such as graphene oxide are widely used as the adsorbent in
SPE to overcome the difficulties associated with non-
magnetic sorbents and the procedure is termed as magnetic
solid-phase extraction (MSPE) (Safarikova and Safarik
1999). Unlike traditional SPE, in MSPE, there is no need to
pack the sorbent into a cartridge. MSPE overcomes phase
separation difficulty through the application of an external
magnetic field and is easier and faster than traditional SPE
since time-consuming operations such as centrifugation or
filtration used in traditional SPE are not used in MSPE (Xie
et al. 2019; Li et al. 2018; Ghazaghi et al. 2017).

In recent years, for minimization of organic solvent con-
sumption, microextraction techniques such as solid-phase
microextraction (Dominguez et al. 2018; Fernandes et al.
2018; Salemi et al. 2018) and liquid phase microextraction
(LPME) (Hashemi et al. 2017; Zohrabi et al. 2016; Wu et al.
2015; Zhangetal. 2008; Afshar Mogaddam et al. 2019) were
developed. Compared with traditional methods, the above-
mentioned microextraction techniques are more attractive
due to their powerful clean-up ability, high enrichment capa-
bility, and low consumption of harmful organic solvents.
One version of LPME is dispersive liquid-liquid
microextraction (DLLME) that has been developed by
Rezaee et al. in 2006 (Rezaee et al. 2006). It has a wide range
of applications in trace or ultra-trace analysis of pesticide
residues and inorganic analytes due to utilize the low vol-
umes of solvents (Ahmad et al. 2015; Cunha et al. 2009;
Boonchiangma et al. 2012; Anthemidis and Ioannou 2009;
Wangetal. 2018a; Xuetal. 2016). DLLME not only isolates
or pre-concentrates the analytes from the samples but also
simultaneously reduces or even eliminates the interferences
originally present in the sample, and facilitates their determi-
nations atlow levels. In addition, italso has the advantages of
less solvent consumption, simple operation, and high enrich-
ment factor. Therefore, it is regarded as an effective approach
to pretreatment various analytes (Ding et al. 2018; Fan et al.
2014; Ho et al. 2013; Rezaee et al. 2013; Gao and Ma 2011;
Amirkhizietal. 2018; Lietal. 2017; Lietal. 2011; Wen et al.
2011; Ma et al. 2012). In most publications, when the sam-
ples are solid, such as fruits, their juices are extracted and the
extraction procedure is carried out on the juices. However, a
portion of the analytes may remain in the fruit pulps and
discarded, resulting in a negative error in the determination
of analytes in the samples.

In the present work, for the first time, a combination of
MGO-based SPE and DLLME is used as an efficient sample
pretreatment method for the extraction of some widely used
pesticides (diazinon, chlorpyrifos, phosalone, and ametryn)
from fruits including apple, cucumber, pear, and peach sam-
ples before their quantification by gas chromatography—flame

ionization detection (GC—FID). These pesticides are selected
since several previous studies in Iran claimed their presence in
the fruits and their by-products (Pirsaheb et al. 2013;
Farajzadeh et al. 2016; Pirsaheb et al. 2015). In the proposed
method, a synthesized MGO is added into the fruit pulp and
homogenized for a certain time. Then, MGO containing
adsorbed pesticides are separated from pulp in the presence
of an external magnetic field and the pesticides are desorbed
using an appropriate volume of a water-miscible organic sol-
vent which is used as a dispersive solvent in the following
DLLME method. The main advantage of this method is that,
despite most of the previous studies, the refuse of the fruit
samples is not discarded and the proposed method is per-
formed on both the juice and the pulp of the fruit which pre-
vents a negative error in the determination of analytes in the
samples. In addition, this method offers high enrichment fac-
tors (EFs) that can guarantee the determination of the target
pesticides at trace levels in fruit samples.

Materials and Methods
Reagents and Solutions

Diazinon, chlorpyrifos, ametryn, and phosalone were pur-
chased from Dr. Ehrenstorfer (Agsburg, Germany). Graphite
powder (< 20 pm) was purchased from Sigma—Aldrich (St.
Louis, USA). Reagents including FeCl,-4H,0, FeCl;-6H,0,
KMHO4, BaC12, NaNO3’ NaCl, HzSO4, HzOz, NH4OH (30%,
w/w), and HCI (37%, w/w) were purchased from Merck
(Darmstadt, Germany). Acetone, methanol, dimethyl sulfox-
ide (DMSO), acetonitrile (ACN), chloroform, carbon tetra-
chloride, 1,2-dichloroethane (1,2-DCE), and 1,1,2-
trichloroethane (1,1,2-TCE) were also purchased from
Merck. Deionized water was obtained from Ghazi Company
(Tabriz, Iran). A cube (5 cm % 2 cm x 2 ¢cm) neodymium
magnet (1 T) was purchased from ENES Magnesy Pawel
Zientek (Warszawa, Poland). A stock solution of the studied
pesticides was prepared by dissolving appropriate amounts of
the analytes in ACN at a concentration of 1000 mg L™ of each
pesticide. A mixture standard solution of the analytes
(1000 mg L' of each pesticide) in chloroform (extraction
solvent) was prepared and directly injected into the separation
system each day (three times) in order to evaluate the instru-
mental system quality and to calculate EFs and extraction
recoveries (ERs) of the analytes.

Samples
Sixteen samples of fresh fruits including apple, cucumber,
pear, and peach samples (four samples of each) were collected

from a local supermarket (Tabriz, Iran). Seven grams of each
fruit was homogenized in a food processor. Then, all of the
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homogenized fruit was placed into a mortar and spiked with
each pesticide at a concentration of 200 ug kg™ and gently
blended for 4.0 min using a pestle. The obtained mixture was
transferred into a beaker and stored in a refrigerator at a tem-
perature of 4.0 °C for 48 h. In the following, the homogenous
samples were squeezed by a manual fruit juice extractor and
centrifuged at a rate of 5000 rpm for 3.0 min and its pulp and
juice were separated. The obtained fruit juice was diluted to 10
mL with deionized water before analysis. Also, other samples
(pesticide-free samples) of the apple, cucumber, pear, and
peach were supplied from small farms (Tabriz, East
Azerbaijan Province, Iran) in which no pesticide was used.
They were used in the matrix effect study. The pesticide-free
sample of apple was used as a blank in the optimization step
and method validation.

Apparatus

Analysis of the selected analytes was carried out using an
Agilent 7890A gas chromatograph (Agilent Technologies,
CA, USA) equipped with a split/splitless inlet operated at
300 °C in a splitless/split mode (sampling time 1.0 min and
split ratio of 1:10) and an FID. Nitrogen (99.999%, Gulf Cryo,
United Arabic Emirates) was used as the carrier gas (at a
constant flow of 1.0 mL min ') and makeup gas (25 mL
min'). Chromatographic separation was achieved on an
HP-5 capillary column (30 m x 0.32 mm i.d. with a
0.25-um stationary film thickness) (Hewlett—Packard, Santa
Clara, USA). The column oven temperature was initially held
at 60 “C for 2.0 min, then raised to 300 “C at a rate of 15 °C
min_ ', and held at 300 °C for 4.0 min. The Chem Station
software was used for data acquisition and processing. A
1.0-uL microsyringe (zero dead volume, Hamilton,
Switzerland) was used for the injection of the samples into
GC. Injection volume was 1.0 pL. The FID temperature was
maintained at 300 °C. Hydrogen gas was generated with a
hydrogen generator (GLAIND-2200, Dani, Italy) for FID at
a flow rate of 40 mL min ™. Air flow rate for FID was 40 mL
min~'. The magnetic property of the prepared MGO was char-
acterized by Lake Shore 7304 vibrating sample magnetometer
(VSM) (Lakeshore, USA).

Synthesis of MGO

Graphene oxides (GO) were synthesized by Hummer’s meth-
od (Hummers Jr and Offeman 1958) with a little modification.
Briefly, the equal mass of graphite powder and NaNOs (2.0 g,
each substance) were added into 90 mL concentrated H,SO,4
under continuous stirring in an ice batch. After 30 min, 5.0 g
of KMnO, was slowly added into the mentioned suspension at
room temperature (25 °C). The reaction was continued for
another 8.0 h. At last, residual MnO,, ions were removed by
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adding 10 mL H,O, (30%, w/w, analytical reagent). Then,
final product was washed using HCI solution (1.0 mol Lﬁl)
until the SO~ ions could not be detectable by Ba** ions. The
obtained solid was further washed with H,O for several times
and dried at room temperature under vacuum condition. The
MGO was obtained by chemical co-precipitation method.
Typically, 0.5 g of the produced GO were dispersed into 500
mL water under vigorously stirring. Then, 4.6 g FeCl;-6H,0O
and 0.85 g FeCl,-4H,0 were slowly added to the GO suspen-
sion at room temperature under N, stream. After that, NH,OH
(30%, wiw) was quickly added to precipitate Fe**/Fe** ions
for generating the magnetite particles (Fe;O,4) at pH = 10.0.
After remaining the mixture for 60 min reaction at 70 °C, the
obtained MGO was separated in the presence of a magnet and
washed three times with deionized water and ethanol, respec-
tively, and finally dried at 80 °C under vacuum.

The room-temperature magnetization hysteresis curve is
measured by VSM to study the magnetic properties of the
prepared MGO. The obtained S-like magnetization hysteresis
loop indicates that the prepared MGO is a superparamagnetic
and the maximum saturation magnetization of MGO is 25.17
emu g ', which was adequate to fulfill the separation of MGO
from sample solutions using an external magnet.

Two-Step Enrichment Procedure of MGO-Based SPE
Combined with DLLME

The pulp obtained from 7.0 g of blank apple or sample (see
“Samples”) was placed into a mortar (50 mL capacity) and
150 mg of the sorbent (MGO) was added and gently blended
for 4.0 min using a pestle. By this action, the analytes were
adsorbed on the surface of MGO particles. Afterward, the
mixture of pulp and sorbent was left to dry on a watch glass
which placed in an autoclave (at 60 °C for 5 min). Then an
external magnet was placed at the bottom of the watch glass
and the analyte-loaded sorbent particles were separated due to
the magnetic property of the MGO. In the next step, the pulp
was easily discarded by inverting the watch glass in the pres-
ence of magnet and the isolated MGO particles were taken
into a 15-mL glass test tube. Subsequently, 1.0 mL ACN as an
elution solvent, was used to elute the analytes from the sorbent
under sonication for 4.0 min. The obtained supernatant was
removed and mixed with 105 pL chloroform (as an extraction
solvent in the following DLLME). The obtained mixture was
rapidly injected into the diluted juice (see “Samples”) placed
into a 15-mL conical test tube using a 5.0-mL glass syringe. A
cloudy solution resulted from dispersion of the tiny droplets of
chloroform into the juice. The mixture was then centrifuged
for 5 min at 5000 rpm, which led to the settling down of the
dispersed droplets of the extractant at the bottom of the tube.
After centrifuging, 10 £ 0.5 uL of the settled organic phase
was obtained. Finally, an aliquot (1.0 uL) of the settled
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organic phase was removed and injected into the separation
system for quantitative analysis. The proposed
microextraction procedure is schematically shown in Fig. 1.

Calculation of EF and ER
EF and ER are used to evaluate the extraction efficiency in

different experimental conditions and they were calculated
using the following equations:

Csed
EF — 1
= (1)
C,
ER% = 5 100 = Vs o 100
no OxM
Vsed
—EF x =>4 % 100 2
X i X (2)

where Cyy, Co, Vieq, and M are the concentration of the ana-
lyte in the sedimented phase, the initial concentration of the
analyte in the fruit sample, the volume of the sedimented
phase (L), and the weight of the fruit sample (g), respective-
ly. ngq and ny are the extracted and initial amounts of the
analyte, respectively.

Results
Optimization of MSPE-DLLME Conditions

To improve the extraction efficiency and achieve the highest
possible sensitivity, various parameters affecting the

extraction process including weight of the sorbent, extraction
time, type and volume of the elution solvent, desorption time,
type and volume of the extraction solvent, and ionic strength
were investigated and optimized. The experiments were con-
ducted by variation of one parameter at a time, while the
remaining parameters were kept constant.

Optimization of MSPE Conditions

Optimization of Sorbent Weight The weight of sorbent direct-
ly affects the extraction efficiency of the analytes in the pro-
posed method. In order to obtain the optimal weight of the
sorbent, different weights of MGO varying in the range of 50—
200 mg, were examined. The results (Fig. 2) show that 150 mg
of the sorbent is enough for the quantitative sorption of the
analytes. Therefore, 150 mg of the sorbent was selected as the
most desirable weight of the sorbent for the extraction of
analytes in the further experiments.

Effect of Extraction Time The time needed for quantitative
adsorption of the analytes on the sorbent surface to reach the
adsorption equilibrium is an effective parameter in the adsorp-
tion process, which depends on the physical and chemical
properties of the sorbent. In order to obtain the best extraction
time, five different extraction periods (1.0, 2.0, 3.0, 4.0, and
5.0 min) were tested under the gentle blending of MGO with
pulp in a mortar using a pestle. Based on the obtained results,
the highest analytical signals were achieved approximately
after 4.0 min for analytes. Therefore, 4.0 min was chosen as
the optimum extraction time for the following experiments.

Vol
L 4

7.0 g fruit sample
homogenized in a
food processor

Spiking with the analytes
(200 pg kg™!, each pesticide)
and homogenized in mortar
for4.0 min

and juice

il

i)
— W=

| \/
Mixing the elution solvent

(1.0 mL) with chloroform (105 pL)
and dispersion into the juice

Collected chloroform (10 + 0.5
uL) containing the extracted
pesticides

Squeezing by a manual fruit juice
extractor to obtaine pulp

Pe

*

Mixing the pulp with
MGO for 4.0 min

Magnet

Separation of MGO from
pulp using a magnet

Elution of the adsorbed pesticides
with ACN under sonication for 4.0 min

Fig. 1 Microextraction and preconcentration procedure
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Fig. 2 Selection of MGO weight. 300 4
Conditions: sample, 7.0 g fruit
spiked with the analytes at a
concentration of 200 pg kg
extraction time, 5.0 min; elution
solvent, ACN (1.0 mL);
desorption time, 5.0 min;
extraction solvent, 105 puL
chloroform; ionic strength, 10%,
w/v, NaCl; and centrifuge rate and
time, 5000 rpm and 5.0 min,
respectively. The error bars 100 4

[
o
=3

Peak area
v
(=]
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Chlorpyrifos
- Ametryn
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0 : . .
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Weight of sorbent (mg)

Selection of Elution Solvent Type and Volume The selection
of a suitable solvent for desorbing the analytes from the sor-
bent surface is an important step in the proposed method that
can affect the extraction efficiency. Therefore, several organic
solvents including methanol, DMSO, acetone, and ACN were
examined. The results in Fig. 3a demonstrate that the highest
peak areas are obtained using ACN. Hence, ACN was chosen
as a desorption solvent for the further experiments.

To evaluate the effect of ACN volume, different volumes of
ACN (0.5, 1.0, 1.5, and 2.0 mL) were studied. The obtained
results (Fig. 3b) show that, the highest extraction efficiency is
achievable when 1.0 mL ACN is used as the volume of the
elution solvent. It was concluded that, at volumes less than 1.0
mL, ACN could not elute the analytes from the sorbent effec-
tively and also the cloudy state did not form well in DLLME
step, so the extraction efficiency was low. Also, at volumes
higher than 1.0 mL, the extraction efficiency decreased, be-
cause of increasing solubility of the analytes in the aqueous
phase in DLLME step. Therefore, 1.0 mL was selected as the
volume of the desorption solvent in the further experiments.

Desorption Time Moreover, desorption time as the time need-
ed for quantitative desorption of the analytes is another factor
that affects the recovery of the analytes. The effect of desorp-
tion time was studied in the range of 1.0-5.0 min under son-
ication. The obtained results showed that the maximum effi-
ciency was obtained at 4.0 min, and after that, it remained
almost constant. Therefore, 4.0 min was selected as the opti-
mum desorption time in the further experiments.

Reusability of the MGO Reusability is an important factor
when evaluating the efficiency of sorbents. In order to exam-
ine the reusability of the sorbent, after each use, the MGO was
washed twice with ACN (each time by 2 mL along with
vortexing for 3 min). The obtained results indicated that the
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MGO could be reused up to 7 successive extraction processes
without a significant change in the extraction recovery of the
analytes which indicated that MGO is a good sorbent for use
with excellent reusability.

Optimization of DLLME Conditions

Selection of Extraction Solvent Type Selection of an appropri-
ate extraction solvent in DLLME should be based on the ex-
traction capability of the solvent for the target analytes. It
should also be water immiscible with density considerably
different from that of water. Based on the above consider-
ations, chloroform, carbon tetrachloride, 1,2-DCE, and
1,1,2-TCE were examined. To keep the sedimented extraction
solvent volume constant (10 £ 0.5 pL), different volumes of
the extraction solvents were accordingly used as follows: 70
pL of carbon tetrachloride, 65 uL of 1,1,2-TCE, 80 uL of 1,2-
DCE, and 105 pL of chloroform. According to the results in
Fig. 4, the highest extraction efficiency is achieved using chlo-
roform. Thus, chloroform was chosen for the subsequent
experiments.

Optimization of Extraction Solvent Volume The volume of the
extraction solvent can directly affect the volume of the
sedimented phase, extraction efficiency, and EF. For this pur-
pose, different volumes of chloroform in the range of 85 to
145 uL with intervals of 20 uL were studied for DLLME
performance. Based on the obtained results (data not shown),
by increasing the volume of chloroform up to 105 uL, the
analytical signals were increased and then declined with a
further volume of the extraction solvent. In fact, the EF is
decreased at high volumes of the extraction solvent, due to
increasing the sedimented phase volume. Therefore, 105 uL
of chloroform was chosen as the extraction solvent volume for
more experiments.
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Fig. 3 (a) Effect of elution
solvent. Conditions: the same as
those used in Fig. 2, except

150 mg MGO and 4.0 min were
used as the sorbent weight and
extraction time, respectively. (b)
Effect of elution solvent volume.
Conditions: The same as those
used in Fig. 3a, except ACN was
used as the elution solvent
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lonic Strength One of the most exploited parameters during  occur (increasing in the viscosity of the solution) which often
the optimization of a microextraction procedure is ionic  hinders the process. Therefore, ionic strength should be opti-
strength due to the so-called salting-out effect. On the other ~ mized. For this purpose, different concentrations of NaCl in
hand, as the ionic strength of a solution increases along with the range of 0-20%, w/v, with intervals of 5.0% were evalu-
the favorable salting-out effect, a second phenomenon can  ated. The results showed that the analytical signals of the

Fig. 4 Effect of extraction
solvent. Conditions: the same as
those used in Fig. 3b, except | mL
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Table 1 Quantitative features of

the proposed method for the Analyte LOD LOQ LR ? #®  RSD%© ER+SD EF+SD
selected pesticides
ugke'  pgkg!'  upgkg™ Intra- Inter-
day day
Diazinon 1.8 6.0 6.0-10,000  0.999 3-6 4-7 81+3 399+ 14
Chlorpyrifos 1.0 3.5 3.5-10,000  0.997 2-4 4-6 78 +2 384 +10
Phosalone 6.0 20 20-10,000  0.998 4-8 69 69 +2 340 =10
Ametryn 1.5 5 5.0-10,000  0.998 3-7 4-8 75+2 369+ 10

 Linear range

® Coefficient of determination

9 Relative standard deviation for intra- (n = 6) and inter-day (n = 5) precisions obtained for concentrations of 25,
50, and 200 pg kg ™' of each pesticide

target analytes initially increased as the salt concentration in-
creased up to 10%, w/v, and then gradually decreased with
increasing NaCl concentration. Therefore, 10%, w/v, NaCl
was added to the aqueous samples for the further studies.

Analytical Performance of the Proposed Method

After optimization of the whole procedure, quantitative
parameters such as linearity, limits of detection (LOD)
and quantification (LOQ), EF, ER, and repeatability
were evaluated in the blank sample of apple in order
to validate the proposed approach. All results are sum-
marized in Table 1. The LODs and LOQs for the target

analytes, calculated as the signal to noise ratios of 3.0
and 10 were from 1.0 to 6.0 and 3.5 to 20 ug kg ',
respectively. The ERs (at a concentration of 200 ug
kg ' of each analyte) were ranged from 69 to 81%.
The EFs ranged between 340 and 399 depending on
the analyte. The precision of the method, estimated
from the relative standard deviation (RSD%), was deter-
mined by analyzing six replicates of the fruit sample
containing the target analytes at three concentrations
(25, 50, and 200 pg kg™') in the same day (intra-day)
and five consecutive days (inter-day). The RSD% varied
from 2-8 to 4-9% for intra- and inter-day precisions,
respectively.

Table 2  Comparison of the presented method with other methods used in preconcentration and determination of the studied pesticides
Method Sample  Sample  Solvent Extraction RSD  LOD LOQ LR Ref.
weight/  consumption time (min) (%) (ngkg™ (ugkg™ (ugkg™h
volume
QuEChERS-GC Leek 3g 15 mL (ACN) containing 24 1.3-3.5 0.18-0.37 0.62-1.25 2-200 (Qu et al.
—QQQ-MS/MS ¥ acetic acid 0.1%, 1 mL 2010)
(n-hexane)
SPME-GC-MS ® Aqueous 12mL - > 60 2.1 0.01 - 0.01-50 (Frias et al.,
sam- 2003)
ples
SPME-GC-ECD ©  Fruits 1.0mL - 15 - 45-48  15.1-16.2 5-700 (Ibrahim et al.
2010)
MWCNTs-SPE Fruit 10 mL 15 mL (ACN), 20 mL ~30 6.1-7.3 2.89-422 — 70-1680  (Ravelo-Pérez
—~GC-NPD ¢ juices (dichloromethane), 1 et al. 2008)
mL (cyclohexane)
PN-SDME-GC-MS  Water - 2.0 puL (n-pentadecane) > 20 794 14-16 - 5-500 (Wang et al.
o 2011)
MGO-SPE- Fruits 70¢g 1.0 mL (ACN), 105 pL 20 4-8 1.0-6.0  3.5-20 3.5-10,000 This method

DLLME-GC-FID (chloroform)
)

¥ Quick easy cheap effective rugged and safe—gas chromatography—triple quadrupole mass spectrometry

 Solid-phase microextraction—gas chromatography—mass spectrometry

9 Solid-phase microextraction—gas chromatography—electron capture detector

9 Multi-walled carbon nanotubes—solid-phase extraction—gas chromatography—nitrogen phosphorus detection

© Pneumatic nebulization—single-drop microextraction—gas chromatography—mass spectrometry

D Magnetic graphene oxide based—solid phase extraction—dispersive liquid—liquid microextraction- gas chromatography—flame ionization detection
gnetic grap p D q q g grapny
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Fig. 5 Typical GC-FID chro- 73]
matograms of (a) standard solu- 1]
tion prepared in chloroform
(100 mg L, each pesticide), (b) —
apple sample spiked with the se- -
lected analytes at a concentration o
of 25 ug kg™', (c) apple sample, -
(d) cucumber sample spiked with
the selected analytes at a concen- J jL (a)
tration of 25 pg kg, (e) cucum- ~
ber sample, (f) peach sample >
spiked with the selected analytes E (b)
at a concentration of 25 g kg ', N’ __/h_,_h_,—L—_‘_JL_J\_—'H—ﬁ —A A
(g) peach sample, (h) pear sample 8
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at a concentration of 25 pg kg ', o}
and (i) pear sample after 8“ (@)
performing the proposed method, [ LA
except chromatogram (a) in = A'n\—_“—"_*_ - ]
which direct injection was used. 8 L A N L "o Il . [ Sy (e)
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Comparison of the Proposed Method with Current
Methods

The present method was compared with other methods report-
ed in the literature (Qu et al. 2010; Frias et al. 2003; Ibrahim
et al. 2010; Ravelo-Pérez et al. 2008; Wang et al. 2011) in
terms of LOD, LOQ, intra-day RSD%, and EF for the deter-
mination of the analytes. The results are summarized in
Table 2. The obtained LODs (1.0-6.0 pg kg ') and LOQs
(3.520ug kg_l) in the presented method are comparable with
other mentioned methods while in the mentioned methods a
highly sensitive detection system such as mass spectrometry,
nitrogen phosphorus detection, and electron capture detection
which are inherently more sensitive than FID, have been used.
The repeatability of the developed method is satisfactory and
the obtained RSDs (4-8%) are comparable or better than the
others. Also, this method has wider LRs (3.5-10,000 pg kg ")
compared to the others (0.01-1680 pg kg™ '). In addition, the
extraction time of the proposed method (20 min) is shorter
than others, except SPME-GC-MS method. Moreover, the

Retention time (min)

proposed procedure is characterized by low consumption of
the organic solvent. It is environmentally friendly and pro-
duces low waste, except SPME and single-drop
microextraction-based methods.

Application to Real Samples

To illustrate the applicability of the proposed method, it was
applied to determine the selected analytes in sixteen samples
of four fruit samples including apple, cucumber, peach, and
pear (four samples of each). According to the obtained results,
all of the evaluated samples were free of the target analytes.
Figure 5 shows the typical GC—FID chromatograms for stan-
dard solution of the analytes (direct injection), pesticide-free
apple, cucumber, peach, and pear samples spiked with the
analytes (25 pg kg ' of each analyte), and unspiked apple,
cucumber, peach, and pear (one sample of each) in which
the developed method was performed prior to chromatograph-
ic separation. To evaluate the anti-interference ability of the
developed method (matrix effect study) in the apple,

@ Springer



2750

Food Anal. Methods (2019) 12:2742-2752

Table 3  Results of the relative recovery to check the matrix effect for
the selected analytes in the evaluated fruit samples

Sample Mean relative recovery + standard deviation (n = 3)

Diazinon Chlorpyrifos Phosalone Ametryn

Samples were spiked with each analyte at a concentration of 25 g kg™

Apple
S1 88+2 98 +3 93+3 98 +3
S2 92+3 91+2 99+2 98 +£2
S3 95+4 85+3 97+3 92+2
S4 91+3 97+5 92+3 93+3
Cucumber
S1 96 +£2 95+4 93+4 101 +3
S2 86+4 98 +1 92+3 98 +£2
S3 102+5 103+3 98 +2 100 +3
S4 89+3 87+2 97+2 95+4
Peach
S1 85+1 104 +2 83+2 95+2
S2 86+3 96 £ 4 93+4 89+2
S3 97+5 94 +3 92+4 95+4
S4 94 +3 100 £2 105+3 99 +2
Pear
S1 91+3 88+3 95+3 89+2
S2 85+3 95+5 99+2 89+3
S3 94 +4 92+4 98 +3 97 +4
S4 97+2 98 +3 97+4 93+2
Samples were spiked with each analyte at a concentration of 50 pg kg '
Apple
S1 88+2 95+2 95+3 95+3
S2 98 +£2 96 +2 96 +2 97+2
S3 94 +3 91+3 94 +3 94 +3
S4 90+ 1 94 +4 89+3 96 +5
Cucumber
S1 93+2 92+3 90 +3 95+2
S2 89+3 95+1 88+4 93 +1
S3 98 +£3 97+2 95+3 103 +3
S4 90 +4 92+3 96 +2 98 +£2
Peach
S1 90 +£3 107 1 81+4 96 +3
S2 9243 92+3 95+3 97+4
S3 99 +£2 95+2 92+3 93+1
S4 89+4 96 +3 98 +2 99 +4
Pear
S1 96 +2 89+1 97+3 92+3
S2 95+3 96 +5 94 +4 94 +4
S3 97 +4 95+3 92+1 95+3
S4 95+2 100 +3 95+2 97 1
Samples were spiked with each analyte at a concentration of 200 pg kg™
Apple
S1 91+2 98 +£2 94 +2 94 +3
S2 99 +4 97+3 100 +3 97 +1
S3 99 +3 93+1 94 +1 98 +3
S4 95+5 96 +3 93+3 93+2
Cucumber
S1 95+4 93+4 94 +3 95+4
S2 84+2 99 +2 92+4 92+2
S3 102+4 101 +3 94 +2 105+5
S4 89+ 1 95+3 97+3 99 +2
Peach
S1 92+3 101 +3 86+4 96 +£2
S2 91+4 96 +4 96 +3 94 +4
S3 102 +2 92+2 96 +3 100 +3
S4 94 +3 94 +4 95+2 93+3
Pear
S1 93+3 91+3 98 +3 95+2
S2 95+ 1 93+2 93+2 94 +1
S3 98 +£2 97+2 94 +3 99 +2
S4 93+4 98 +3 96 +2 94+3

cucumber, peach, and pear samples, the added—found method
was used. For this purpose, the apple, cucumber, peach, and
pear samples were spiked with the analytes at three concen-
tration levels (25, 100, and 200 pg kg ' of each analyte) and
the proposed method was applied on them for triplicates. The

@ Springer

results obtained for the analytes in the samples in comparison
with those obtained for their blank sample spiked at the same
concentration were expressed as relative recoveries.
According to the obtained results in Table 3, the mean relative
recoveries of the studied pesticides in apple and cucumber
samples ranged from 85 to 99 and 84 to 103%, respectively.
In addition, mean relative recoveries of the analytes were ob-
tained between 81-107 and 85—100% for peach and pear sam-
ples. In all cases RSD% values were less than 5%. These
results indicate that the matrices of the samples have no sig-
nificant effect on the proposed method according to SANCO
guidelines which indicated that the mean relative recoveries in
the range of 70 to 120% are acceptable for new methods
(European Commission 2011). Therefore, the developed
method could be used as an applicable and adequate method
for the analysis of the selected pesticides in the studied
samples.

Conclusions

In this study, a combination of MGO-based SPE and DLLME
was introduced as an efficient method for the extraction,
clean-up, and enrichment of some widely used pesticide resi-
dues in various fruit samples. The method was combined with
GC-FID for quantitative analysis of the pesticides. To the best
of our knowledge, this is the first report on the application of
the present method for the extraction of the selected pesticides
in fruit samples. The main advantage of the proposed method
is that, despite most of the previous studies, the refuse of fruit
samples is not discarded and the proposed method is per-
formed on both juice and pulp of the fruit which prevents a
negative error in the determination of the analytes in the sam-
ples. Also, the developed method not only preconcentrates the
analytes, but also the other compounds present in the sample
matrix are removed. Simplicity, short extraction time and be-
ing environmentally friendly as well as good analytical char-
acters such as high EF, low LOD, and proper repeatability are
other advantages of the proposed method. Also, successful
applicability of the proposed method was confirmed via the
simple chromatograms without interference peaks, indicating
the superior clean-up and preconcentration of the proposed
sample preparation method.
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