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phase extraction (MSPE) of three selected organophosphorus pesticides (OPPs) namely

Received: January 23, 2019 chlorpyrifos, diazinon and parathion methyl from grape and strawberry samples prior
Accepted: June 12, 2019 to high performance liquid chromatography with UV detection (HPLC-UV). The
DOI: 10.22146/ijc.42935 synthesized sorbent was physicochemically and morphologically characterized via

Fourier transform infrared spectroscopy (FT-IR), field emission scanning electron
microscopy (FESEM), transmission electron microscopy (TEM), X-ray diffraction
(XRD) and N adsorption analysis. The main parameters on the extraction efficiency
of selected OPPs, including extraction time, desorption solvent, desorption time, and
sorbent dosage, were thoroughly optimized. Compared to MCM-41 sorbent, the newly
synthesized Fes0;-MCM-41 adsorbent shows a linear response (0.1-5.00 mg L™) with
good determination coefficients ranging from 0.9900 to 0.9980, low limits detection
(LODs), 0.02-0.15 mg L™ and low limit quantifications (LOQs), 0.06-0.40 mg L™". The
precision as relative standard deviation (%RSD) of the proposed MSPE method was
studied at low and high concentration (0.1-5.0 mg L™) based on intra-day (1.0 to 6.0%,
n=3) and inter-day (1.0 to 7.0%, n = 3), respectively. Fruit matrices were used to assess
the field applicability of the sorbents. Comparatively, Fes0,-MCM-41 achieved
excellent percent recovery (85-120%) compared to the MCM-41 (70-110%). The result
revealed that the Fe;0,-MCM-41 composite was efficient sorbent with good capability
for the preconcentration of selected OPPs from fruit samples.
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phase extraction

m INTRODUCTION OPPs, including grape, tomato, strawberry, apple, and

In recent years, the pesticide has been remarkably pineapple [3-6], are becoming the hottest issue for

. . . . environmental researchers because it can threaten
increased in usage for better agricultural practices,
e s . human health. Grape and strawberry are usually freshly
transparency, and traceability in the production and ) ) ] )
. : consumed without peeling, which risks harmful to
marketing  of  conventional = food.  Generally,

. . h health f them have high
organophosphorus pesticides (OPPs) are widely used as uIlefln calth because some 9 them have 13 acute
. . . . s . toxicity due to the prevention of neural impulse
insecticides in agriculture activities, which lead to o T ]
. o . transmission by their inhibitions of acetyl cholinesterase
extensive contamination of water, atmosphere soil as well

as agriculture products and eventually in derivate food fun‘ct‘1on in the nervous S}"Stem [7]. Due to .the high
o . . . toxicity at low concentration, European Union (EU)
commodities [1] due to their desirable properties such as i ] ] o
. . . . have established maximum residue limits (MRLs) of
biodegradable and short persistence in the environment ) R i
various pesticides in grape and strawberry samples in the

[2]. Particularly, fruit commodities contaminated by
range of 0.01 to 0.05 mg L' [8]. Consequently, due to the
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exceeded permitted level by regulation as well as well-
known toxicity of OPPs pesticides and their degraded
products, effective extraction coupled with appropriate
clean-up and enrichment steps are necessary prior to
instrument analysis [9-11].

Several techniques including, liquid-liquid
extraction (LLE) [12], solid phase extraction (SPE) [13],
solid phase microextraction (SPME) [14], micro solid
phase extraction (u-SPE) [15] and dispersive solid phase
extraction (DSPE) [16] have been successfully applied to
remediate the pesticides and their degraded products
from the various matrices. Comparatively, the SPE
method offers good recovery, short extraction time, high
enrichment factor, less organic solvent consumption, and
reasonable cost is eminent as an advantageous and
genuine method [17-19]. However, there are several
limitations encountered of this method, including a large
amount of eluent, time-consuming, due to the limited rate
of diffusion and mass transfer and limited efficiencies of
the target analytes from large breakthrough volume [18].
Thus, the development of novel SPE models by applying
magnetic nanoparticles as the SPE sorbent known as
magnetic solid phase extraction (MSPE) are highly
sensible.

In recent years, magnetic solid phase extraction
(MSPE) a pioneering technique for sample preparation as
well as performed a great interest in order to improve the
stability, sensitivity, compatibility, and good extraction
efficiency. It is a new mode of SPE based on the adoption
of magnetic or magnetizable adsorbents which can be
readily isolated from the sample matrix by an external
magnet without any filtration or centrifugation [21-22].
Notably, magnetic sorbents are uniformly dispersed into
suspension by vortexing or shaking to enhance the
interfacial area between sorbent and analytes, which give
high extraction efficiency in a short time [20,22].

Hitherto, Fe;O4 nanoparticles have been widely used
as a sorbent in MSPE due to its high magnetic saturation,
low toxicity, and simple preparation process [23].
However, as their high surface area (10 to 450 m* g'), the
unprotected metal oxide nanoparticles have a great
tendency to aggregates, less surface interaction and easily
oxidized [23,25]. These drawbacks can overcome through
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functionalization or coating with different compounds
for pre-concentration trace level of organic pollutants
[24-26]. To date, silica/magnetite nanocomposites have
been particularly devoted, since the protective layer
afforded by silica can screen the dipolar magnetic
attraction between magnetite particles, which favor the
dispersion and prevent them from leaching in the acidic
environment [27].

In this regard, mesoporous silica such as MCM-41
(Mobil Composition of Matter Number 41), and SBA-
15 (Santa Barbara Amorphous-15) are solid materials, as
well as consist of a honeycomb-like porous structure with
hundreds of free mesopores that are able to accommodate
relatively with high coverage of bioactive molecules.
Their tremendous features, include high surface area
(700-1500 m* g™'), large pore volume (> 0.7 cm’ g™'),
tunable pore size with a narrow distribution, and good
chemical and thermal stability of these materials, make
them potentially suitable for various application in
different fields of technology including drug delivery
(28], [29],
removal/preconcentration of organic pollutants [30-32].

system catalysis sensing [30] and
Furthermore, a huge density of silanol groups on the
pore wall allows a variety of functional groups to be
incorporated for increasing selectivity [34]. A literature
survey reveals that the application of silica embedded
magnetite system has been aroused widespread in
environmental analysis. For instance, octadecyl moieties
derivatized Fe;O, for polycyclic aromatic hydrocarbons
from environmental samples [20] Fe;04@SiO,-C18
magnetic composite materials for extraction of
organophosphorus pesticides [35], Fe;0,@Si0,@PMMA
for enrichment peptides and proteins [36] and MCM-41
embedded Fe;O4 nanoparticles for the extraction and
determination of selective antidepressant drugs in
biological fluids [23].

There have been significant advances in magnetic
nanoparticles applied as sorbents for magnetic solid
phase extraction to the best of our knowledge, relatively
few published works address the investigation of the
potential use of mesoporous silica coated magnetic
nanoparticles as a sorbent for magnetic solid phase
extraction in organic pollutants agriculture crops. In
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view of the aforementioned, the main aim of this study
was to investigate the synthesis of Fe;0,-MCM-41 as an
efficient sorbent for magnetic solid phase extraction
(MSPE). Therefore, the extraction performance of
sorbent was evaluated for MSPE to extract three OPPs
(chlorpyrifos, diazinon and parathion methyl) in
strawberry and grape samples prior to high performance
liquid chromatography UV detection (HPLC-UV). To
accomplish this purposed, the parameters affecting the
extraction recoveries were investigated, and the related
optimized values were obtained.

m EXPERIMENTAL SECTION
Materials

Analytical grade acetonitrile and methanol were
obtained from Merck (Darmstadt, Germany),
hydrochloric acid 37%, ammonium hydroxide NH,OH
25%, were provided from Sigma Aldrich (USA). Pesticide
standard of chlorpyrifos, diazinon, and parathion methyl
prepared in methanol were purchased from Sigma
Aldrich (purity assay in range of 98-101%). A stock
solution (1000 mg L") of each pesticide was prepared in
methanol, then a 100 mg/L intermediary standard
mixture stock was achieved. For the synthesis of MCM-41
and Fe;0,-MCM-41, cetyltrimethylammonium bromide
(CTABr) and Ludox colloidal (30%) were purchased from
Sigma-Aldrich. FeCl,-4H,O and FeCl; were obtained from
Merck (Germany). Potassium dihydrogen phosphate
(KH;PO,), sodium hydroxide (NaOH) and phosphoric
acid were obtained from Merck (Darmstadt, Germany).

Chromatographic Conditions

The chromatographic analysis for pesticides was
performed on a ZORBAX Eclipse Cis column (5 pm x 2.1
x 100 mm) from Agilent Technologies, (USA), consisting
of a quaternary pump and UV-Vis Detector. Analyte
peaks were detected using Agilent UV-Vis detector at a
selected wavelength of 210 nm. The mobile phase consisted
of acetonitrile and phosphate buffer (pH 4.5; 1 mM) at the
ratio of 60:40 v/v. The flow rate was programmed at
0.2 mL min™ and the injection (0.2 pL) into the HPLC
system was carried out manually using microsyringe
Hamilton Company (California, USA).

Procedure

Preparation of MCM-41 and Fe304+MCM-41

The MCM-41 was prepared according to the
previous study [37-38] with minor modifications.
Briefly, sodium silicate (solution A) was prepared by
mixing 33.80 mL of Ludox (30%) with 3.03 g sodium
hydroxide (NaOH) in 37.5 mL double distilled water at
80 °C for 2 h with stirring. Another solution (solution B)
was prepared separately by mixing 9.60 g of
cetyltetraammonium bromide (CTABr) and 0.50 g of
ammonium hydroxide (NH,OH) in 75.0 mL of distilled
water, followed by stirring at 80 °C until a clear solution
was obtained. Both solutions, A and B, were mixed in
polypropylene bottle to give a gel with a composition of
6 Si0,:CTABr:1.5 Na,0:0.15 (NH,),0:250H,0, followed
by vigorous stirring. The resulting gel was kept in an air
oven for crystallization at 100 °C for 24 h. The gel then
was cooled to room temperature, and the pH of the gel
was adjusted approximately to 10.2 by adding 25 wt.%
acetic acid. The heating and pH adjustment were
repeated twice. The solid product was filtered, washed,
neutralized and dried overnight at 100 °C. Finally, the
solid product was calcined at 550 °C in the furnace.

Fe;04,-MCM-41 (Fig. 1) was prepared by following
the reported procedure with minor modification [39].
Briefly, Fe;0,~-MCM-41 was prepared by mixing 0.5 g of
MCM-41 in 100 mL doubled distilled water and 1 mmol
FeCl,-4H,O and 2 mmol FeCl; were added to this
solution. Then, the solution mixture was vigorously stirred

Fay0-MCM-41

MCM-41 N,
+

Fe®{Fe solution
Fig 1. Synthesis route of Fe;0,-MCM-41 [40]
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and degassed with nitrogen. During the stirring solution,
10 mL aqueous ammonium hydroxide solution was added
dropwise. Once the solution became black, and it was
continued stirring for another 1 h. Finally, the solution
was centrifuged with doubled distilled water until the pH
becomes neutral. Then, the synthesized Fe;Os-MCM-41
was dried in a vacuum desiccator at room temperature.
The characterization of synthesized MCM-41 and
Fe;0,-MCM-41 was performed by Fourier transform
infrared (FTIR), X-ray diffraction (XRD), field emission
scanning electron microscopy (FESEM), and nitrogen
adsorption-desorption isotherms. A Perkin Elmer 8300
Series KBr-Fourier transform infrared spectrometer
(KBr-FTIR) was used KBr pellets method in the range
from 4000 to 400 cm™ for recording the FTIR spectra.
Surface morphology and size of synthesized materials
were studied using JEOL JEM-2300 field emission
scanning electron microscopy (Tokyo, Japan) after
coating the sample with a gold film, using a voltage 20 kV.
Transmission electron microscopy (TEM) was performed
using a JEM-2100F microscope (200 kV). XRD analysis
was carried out on (Rigaku) with CuKa radiation (A =
1.5406 A, 30 Kv, 30 mA) to investigate the internal array
of the composite. The specific surface area and averaged
pore size of the prepared materials were determined using
Brunauer-Emmett-Teller (BET) surface area analyzer
(Belsorp-mini II, Japan). The sample was evacuated at
(300 °C and in nitrogen flow for 6 h). The surface area was
obtained from the linear of Brunauer-Emmett-Teller
(BET) method using adsorption data in the relative
pressure range from 0.05 to 0.2. The pore size distribution
was calculated from the adsorption branch of the
isotherm using the Barrett-Joyner-Halenda (BJH) model.

Real sample preparation

Grape and strawberry were chosen as real model
samples, and the sample preparation procedure was
implemented based on the reported procedure [41]. Then,
1000 pL of the standard solution of pesticides (1 mg L")
in real samples was spiked into real samples (10 g of each)
and kept at room temperature for 1 h. Afterward, 10 mL
of distilled water and 10 mL of methanol were added into
it and was mashed using a laboratory mixer followed by
homogenization using ultra-sonicator (4000 rpm) for
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5 min. Finally, the solution was filtered using filter paper
two times. The same procedure was conducted for
unspiked samples without the addition of the standard
solution of the pesticides. Finally, the filtered solutions
(spiked and unspiked) were subjected to the proposed
procedure.

Extraction procedures for selected organophosphorus
pesticides

Optimization of MSPE parameters. Different
parameters include types of extraction time, desorption
solvent, desorption time, and sorbent dosage were
optimized during the MSPE. Initially, 10 mL of sample
volume, 50 mg of sorbent, and 15 min extraction time
were used for extraction of the selected chlorinated
pesticides. The organophosphorus pesticides were
eluted using 0.5 mL of different types of solvents.
Magnetic solid phase extraction (MSPE). The
prepared of Fe;04,-MCM-41 composite was studied as
MSPE sorbent for the enhanced preconcentration of the
targeted pesticides from fruit samples [42]. Briefly, an
optimum weight of the sorbent Fe;0,-MCM-41 (50 mg)
was added into 10 mL of treated samples spiked with
known variable amounts of selected pesticides. The
mixture was shaken (250 rpm) for 15 min at room
temperature by orbital shaker to achieve a homogenous
dispersion solution. With the aid of an external magnet,
the sample solution was be removed, and the trapped
analytes were eluted with 500 pL of acetone under
ultrasonication for 5 min. Finally, the magnet was again
placed to the vial, and the eluate was evaporated under
the mild nitrogen stream, and the resultant residue was
reconstituted with 0.1 mL acetone. An aliquot (2 uL) of
final extract sample was injected into the HPLC/UV.
Simplified schematic of the analytical procedure of
MSPE is illustrated in Fig. 2.

MCM-41-DSPE procedure

A synthesized MCM-41 was optimized with
important extraction parameters such as type of solvent,
desorption time, sorbent dosage, extraction time.
Acetone, acetonitrile, methanol, and ethyl acetate with
0.5 mL was used to optimize the effect of the solvent on
MCM-41-DSPE. high
efficiency was achieved using 0.5 mL acetone at different

Comparatively, extraction
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Fig 2. Schematic illustration of magnetic solid phase
extraction using Fe;O,-MCM-41 sorbent

HPLC-UV
Analysis

desorption time (1 to 10 min). On the basis of the results,
0.5 mL of acetone at 5 min desorption time was selected
as optimized desorption time. In order to improve the
preconcentration factor, the sorbent dosage was also
optimized (30 to 100 mg). The maximum extraction
efficiency was obtained with 50 mg of sorbent dosage and
thus was selected as the optimized sorbent dosage. The
best result was achieved at 15 min extraction time.

m  RESULTS AND DISCUSSION
Characterization FTIR Analysis

FTIR analyses were employed to ascertain
functional groups performed in Fe;Os,, MCM-41, and
Fe;04,-MCM-41 sorbents. Major adsorption bands shown
in prepared sorbents were summarized in Table 1. As
shown in Fig. 3, a large, broad band in all samples between
3450 and 3330 cm™ corresponds O-H stretching
vibration mode of silanol groups and the band at 1639 cm™

is assigned to bending mode of O-H and the adsorbed
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water [42-43]. The typical adsorption peaks at 1077, 800
and 460 cm™, which ascribed to the presence of
asymmetric Si-O-Si stretching, symmetric Si-O-Si
stretching and Si-O-Si vibration, appear in the infrared
spectra of MCM-41 and Fe;04-MCM-41, respectively
[45-47]. Furthermore, the adsorption peak shown in
pristine Fe;O, at 599 cm™ (Fig. 3(b)) indicated the Fe-O
stretching [45-46]. The Fe;0,-MCM-41 particles show
characteristics peaks at 464 and 1636 cm™', which slightly
decreased with the appearance of the Fe-O-Si covalent
bonding due to OH condensation [44]. Consequently,
changes of some characteristic peaks confirmed the
Fe;O, nanoparticles were successfully anchored on the
surface of MCM-41.

X-ray Diffraction

XRD patterns of MCM-41 and Fe;0,-MCM-41 are
shown in Fig. 4(a) and 4(b), respectively. The
diffractogram of MCM-41 exhibited Bragg peaks at low

Transmittance (a.u.)

EI-DJ-IEI

Si-0

500

2500 2000 1500 1000
Wavenumber (cm-1)

Fig 3. FTIR spectra of (a) MCM-41, (b) Fe;O,and (c)
FC304-MCM—41

3500 3000

Table 1. Comparison of FTIR absorption bands of MCM-41 and Fe;0,-MCM-41

Wavelength (cm™)

Adsorption stretching bands

MCM-41 FesO4 Fe;04-MCM-41
O-H stretching 3453 3330 3450
O-H bending 1639 - 1636
Asymmetric Si-O-Si 1077 - 1096
Symmetric Si-O-Si 800 - 798
Si-O-Si 459 - 463
Fe-O - 599 -
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angles between 0.967-1.865°, indexed as (100), (110) and
(200) in the hexagonal system (Fig. 4(a)). These peaks are
typical of these materials and arise from the quasiregular
arrangement of the mesopores in the bulk material [50].
However, the obtained XRD pattern appeared only one
broad peak at 26 of 0.967° due to (100), and two extremely
weak peaks between 1.203 and 1.865° due to (110) and
(200) planes, being indicative of a material which does not
exhibit long-range mesopores ordering [51]. Meanwhile,
the broad diffraction peaks of 20 at 20-30° shown in the
angle XRD pattern of Fe;0,-MCM-41 are the
characteristics from the amorphous silica template (Fig.
4(b). The diffraction peaks appeared at 26 of 35.7, 43.3,
56.4, and 63.1° were assigned to (311), (400), (511) and
(440) reflections, respectively, which are indexed to the
spinel structure of pure stoichiometric Fe;O, (JCPDS
Card No. 19-0629) [39]. The characteristic peaks of the
existence of magnetite particles in Fe;O,-MCM-41
exhibited the same textural property as MCM-41, which
confirmed that mesoporosity was preserved after
synthesis of Fe;O, nanoparticles.

Indones. I. Chem., 2020, 20 (4), 729 - 745

Morphology Property

The surface morphology of synthesized of MCM-
41 and Fe;O0,-MCM-41 were analyzed via field emission
scanning electron microscopy (FESEM) and transmission
electron microscopy (TEM). The micrographs are
illustrated in Fig. 5 and 6. The FESEM micrograph of

100
{311y
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10 B0 7O 0

3
= 2:! 30 40 53
Z heta (deg)
2
z
=
g
L]
&
J 110 200 {a)
1 2 3 4 5
2 Theta (deg)

Fig 4. XRD patterns of (a) MCM-41 (b) Fe;O,-MCM-41
composite

Fig 6. TEM images of Fe;0,-MCM-41
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MCM-41 in Fig. 5(a), showed loosely agglomerated
particles with a rod-like shape, with uniform pore size
about 3.83 nm, which is a good agreement with narrow
distribution (BJH)
adsorption-desorption

size determined by nitrogen
[52]. After

dispersing with FesO,, Fig. 5(b) clearly shows that the

measurement

distribution of magnetite particles on the surface of
MCM-41 unnoticeable coating. Besides, the particle sizes
are difficult to measure due to the agglomeration of
magnetite particles on the surface of MCM-41. In order to
indicate the iron oxide nanoparticles on the surface of
mesoporous silica, a detailed TEM analysis was
performed. TEM images are shown in Fig. 6, the iron
oxide nanoparticles dispersed and appeared as dark dot-
like objects on the surface of mesoporous silica with an
average diameter approximately about 13 nm. Besides
some particles could be seen in partially aggregated due to
the existence of magnetic interaction between particle
[27]. Thus, the TEM analysis gives evidence that the
ordered mesoporous structure is maintained after

dispersing.
Nitrogen Desorption Adsorption Isotherm

The isotherm of nitrogen adsorption-desorption
and the corresponding pore size distribution curve of
various prepared samples are presented in Fig. 7.
Apparently, all samples exhibit a typical type IV
physisorption curves which indicate the pattern of
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mesopores materials (2-50 nm) according to the
classifications of the IUPAC (Fig. 7(a)). The samples also
display clear H1 type hysteresis loop with rapid in
nitrogen uptake p/po = (0.4-1.0), which is due to
monolayer adsorption of nitrogen to the walls of the
mesopores. Furthermore, the samples also demonstrated
a narrow pore size distribution by the BJH method, as
shown by the inset in Fig. 7(b). The pore size distribution
centered near (3.83 nm) for MCM-41 and Fe;O,-MCM-
41 (3.39 nm), respectively, suggest that the pore size is
predominantly composed of mesopores and concentrated
in the small size range. Fe;0,-MCM-41 composite
contributes a small pore size compared to the pure
mesoporous due to the magnetite particles (Fe;O.)
occupy on the mesopore free space intrachannels of
MCM-41 partially [40]. This makes this composite a
the
subsequent analysis under appropriate conditions.

promising candidate for incorporation and

The effective adsorption functional groups in the
MCM-41 and Fe;0,-MCM-41 pores is studied by the
expressive of surface area, size, and pore volume, as
presented in Table 1. A sensible difference was observed
for the BET specific surface of MCM-41 (436 m* g™') and
Fe;0,-MCM-41(293 m’/g), respectively. From the
results obtained, it can be concluded that the pore size of
distribution in this study can be varied within 3.83 nm
to 13 nm due to the irregular pore and surface area of

prepared materials. However, this pore size is sufficient

b
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Fig 7. (a) N, adsorption isotherms, (b) Pore size distribution of pure MCM-41 and Fe;O,-MCM-41composite
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Table 2. N, adsorption results

Sample Sper (m* g™') D, (nm) Vp (cm® g™
MCM-41 436 11.27 0.533
Fe;0,-MCM-41 293 10.70 0.465

Sser = Specific area; Dp = Mean pore diameter; V, = Mean pore volume

enough for the sorption of targeted pesticides. Details
results for sorption studies will be discussed in subtopic
analytical performance.

Optimization of MSPE Procedure

A batch-wise MSPE was investigated to assess the
extraction efficiency of the synthesized Fe;O,-MCM-41
sorbent for the selected organophosphorus pesticides. In
order to optimize extraction conditions, several main
parameters including desorption solvent, extraction time,
desorption time and sorbent dosage were studied in one
variable at a time (OVAT), which ensures the variable
responsible for any effect observed is clearly identified.

Effect of extraction time
As an equilibrium extraction step is concerned, a
parameter plays imperative rules on the extraction
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Fig 8. Effect of (a) extraction time, (b) desorption solvents,

pesticide extraction efficiency
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efficiency. The effect of extraction time on the extraction
efficiency of OPPs using Fe;0,-MCM-41 was performed
to achieve the highest sensitivity and recovery.
Extraction was investigated at different shaking time
from 5 to 20 min. The extraction efficiency depends on
the mass transfer between Fe;0s-MCM-41 and analytes
in the sample solution. As illustrated in Fig. 8(a), there
was a rapid increase in extraction efficiency of all
analytes when the extraction time was prolonged from 5
to 15 min, and the peak areas remained nearly constant
or decreased when the extraction time was further
increased to 20 min. This phenomenon might be due to
the back-extraction of analytes from the adsorbent into
the sample solution [53]. Thus, 15 min was selected as
the optimum extraction time for subsequent extractions.
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(c) desorption time and (d) sorbent dosage on OPPs
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Effect of desorption solvent

The selection of an appropriate desorption solvent
plays a vital role in the MSPE process to ensure high
recovery and sensitivity on method performance [11]. In
general, the selection of desorption solvent, the polarity of
solvents, the solubility of analytes relies on its compatibility
of the analytical instrument should be considered. Due to
the selected of OPPs relatively mid-polar and they were
adsorbed strongly on Fe;0,-MCM-41 surface, thus only
polar solvent can disrupt the interaction and desorbed the
analytes. Hence, four organic solvents of different polarity,
namely, acetonitrile, acetone, ethyl acetate, and hexane,
respectively, were performed to elute the adsorbed analyte
from the magnetic Fe;O,-MCM-41 sorbent. These
solvents have different polarities, with ethyl acetate being
the most polar solvent and n-hexane being the most non-
polar solvent. It is obviously shown in Fig. 8(b) that the n-
hexane provided good response and satisfactory
efficiency towards non-polar chlorpyrifos and diazinon.

Particularly, the Fe;0s-MCM-41 could not be
dispersed well in n-hexane, which impeded the effective
desorption of analytes from sorbent, but n-hexane is a
non-polar solvent, and it provide hydrophobic
interactions with selected non-polar OPPs, which similar
in chemical characteristics. Otherwise, the acetone gave
the highest response towards polar parathion methyl and
as well as satisfactory efficiency was also obtained for the
non-polar OPPs due to its highest desorption ability, and
it is the least viscous solvent compared to the other three
solvents except for diazinon whose response was lower
than parathion methyl and chlorpyrifos. Hence, 500 uL of
acetone was selected for the desorption of polar and non-
polar compounds throughout the entire study as a

desorption solvent.

Effect of desorption time

Desorption time is regarded as the time that is
required to desorb all the analytes from the sorbent. In
order to study the effect of desorption time (Fig. 8(c)), the
process was performed with the aid of an ultrasonicator at
different durations in the range 1 min to 10 min. It can be
observed that the peak area increased with desorption
time to reach a maximum at 5 min. Beyond this point
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(10 min), no significant increase peak area was observed
due to the analytes being re-adsorbed by the sorbent
[54]. Therefore, 5 min was adequate and acceptable to
elute all the absorbed analytes fully.

Effect of sorbent dosage

The optimization of the mass of the sorbent is one
of critical condition that provides a sufficient capacity to
retain both the analyte and any contaminants that may
be also be retained during the loading procedure [17]. In
order to achieve the highest extraction recovery, the
effect of sorbent dosage was assessed by changing the
mass of sorbent in the range of 30 to 100 mg to extract
the selected OPPs pesticides (Fig. 8(d)). This graph
clarified that the peak area ratio of the extracted OPPs
remarkably increased up to 50 mg of the sorbent.
However, when 70 mg of sorbent was used, no
additional enhancement of the peak area was observed.
The decrease in response could be due to the saturation
of the active site on the adsorbent that has been
exceeded. Thus, 50 mg of sorbent was adopted for
subsequent analysis.

Extraction Performance of Fe3;0,, MCM-41, and
Fes04-MCM-41

Comparative studies were performed in order to
compare the extraction performance of the newly
synthesized of Fe;O0s, MCM-41 and Fe;0,-MCM-41
sorbents for pre-concentration of four pesticides of
different
(chlorpyrifos, diazinon, and parathion-methyl). Fig. 9
illustrates that the Fe;O, showed unsatisfactory (< 10%)
towards the all selected OPPs studied as evidence by the
extraction recoveries observed. However, when Fe;O,-

polarity  organophosphorus  pesticides

MCM-41 particles were utilized as a sorbent, relatively
higher extraction recoveries (> 70%) of OPPs pesticides
were obtained [23]. The capability of Fe;0-MCM-41
exhibited the highest extraction recoveries due to the
analyte was adsorbed on the active site of MCM-41, and
this possibility might be due to the hydrogen bonding
interaction between the silanol groups of MCM-41 with
different anionic sites (O, N, S, and Cl) of the selected
OPPs [55].
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extraction recoveries) of three different sorbents for the
OPPs pre-concentration. Condition for extractions:
sample volume 10 mL, mass of sorbent 50 mg,
concentration of analytes 1 mg L™, extraction time 15 min,
desorption time 3 min and 0.5 mL acetone as desorption
solvent

Analytical Performance

Quantitative analysis of MSPE method based on
Fe;0,-MCM-41 as sorbent was validated under the
optimized conditions using different analytical
parameters such as linearity, the limit of detection (LOD),
the limit of quantification (LOQ), precision and accuracy.

Matrix match calibration was performed by spiking
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different concentrations of the selected pesticides into
the strawberry and grape samples. The linearity of the
MSPE technique for OPPs pesticides using MCM-41
and Fe;0,-MCM-41 was performed in the range from
0.1-5.00 mg L' for strawberry and grape samples. Good
linearity with a high value of the coefficient of
determination (R?) was higher than 0.9900 in the linear
range (Table 3). The LOD (S/N = 3) obtained for all
pesticides in the range 0.02-0.15 mg L™" and the LOQ (10
x S/N) in the range 0.06-0.40 mg L. However, the
obtained LOD for Fe;04-MCM-41 is appreciably lower
as compared to the MCM-41. Besides, LOD obtained for
Fe;04,-MCM-41 was well below the maximum residue
limits (MRLs) real-life range of grape and strawberry
(10 mg L) set by EU for each pesticide. Thus, the
proposed MSPE method based on Fe;O,-MCM-41 is
highly efficient for the determination of these selected
pesticides in fruit samples.

Repeatability and reproducibility of the proposed
MSPE method were investigated using intraday and
interday measurements. Relative standard deviation
(%RSD) were assessed at low and high concentrations
(0.1-5.0 mg L") with triplicate analyses on the same day
and over three different days (n = 3) using fruits samples,
respectively. Acceptable results based on RSD% were
obtained in the range from 1.0 to 6.0% (n = 3) and 1.0 to
7.0% (n = 3) for intraday and interday precision
respectively (Table 4).

Table 3. Statistical results of MSPE method for selected pesticides, including linear range, correlation coefficients (R?),
the limit of detection (LOD), the limit of quantification (LOQ) of MCM-41 and Fe;Os-MCM-41 of OPPs spiked in

fruits samples (n = 3)

Fe;0,-MCM-41 MCM-41

Linearity LOD LOQ R Linearity LOD LOQ R

(mgLl?')  (mgl") (mgLl™) (mgLl?) (mgL') (mgLl™)
Strawberry
Chlorpyrifos 0.1-5.00 0.02 0.06 0.9955 0.1-5.00 0.12 0.38 0.9942
Diazinon 0.1-5.00 0.12 0.39 0.9935 0.1-5.00 0.15 0.40 0.9950
Parathion methyl 0.1-5.00 0.12 0.38 0.9940 0.1-5.00 0.10 0.22 0.9912
Grapes
Chlorpyrifos 0.1-5.00 0.04 0.13 0.9966 0.1-5.00 0.11 0.22 0.9945
Diazinon 0.1-5.00 0.04 0.12 0.9960 0.1-5.00 0.13 0.36 0.9971
Parathion methyl 0.1-5.00 0.06 0.19 0.9980 0.1-5.00 0.14 0.34 0.9960
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Table 4. Study of repeatability and reproducibility of the M

739

SPE method based on intraday and interday precisions

MSPE precision
Intraday %RSD (n = 3) Interday %RSD (n = 3)
Analyte s ; .
Spiked in fruits samples (mg L)
0.1 5.00 0.1 5.00

Grapes
Chlorpyrifos 74.9 (3.2) 125.2 (1.2) 95.8 (6.4) 100.89 (0.3)
Diazinon 75.9 (2.7) 95.2 (4.3) 70.7 (1.4) 122.08 (4.5)
Parathion methyl 75.5(1.9) 92.9 (4.1) 76.1 (2.1) 114.5 (1.2)
Strawberry
Chlorpyrifos 73.8 (4.6) 107.7 (0.8) 72.6 (5.8) 100.63 (1.1)
Diazinon 74.50 (5.8) 69.94 (3.8) 92.6 (6.4) 88.48 (4.2)
Parathion methyl 79.4 (4.3) 108.1 (4.4) 70.9 (6.6) 73.76 (3.4)

Reusability of the adsorbent was carried out by
evaluating the extraction performance of Fe;0,-MCM-41
for different extraction-desorption cycles. In order to
investigate the regeneration of the sorbent, the used of
sorbent washed acetone

was subsequently ~ with

respectively after each extraction, and then the dried

sorbent was used in the subsequent analysis. The result
indicates that Fe;04-MCM-41 could be used repeatedly
at least three times without a significant decrease in
extraction recoveries (> 90%) and its magnetic property.
These results show the adsorbent is stable for repeated
used, which is favorable for MSPE based method.
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Fig 10. HPLC-UV chromatogram for the (a) unspiked (1 mg L") and (b) spiked of real samples of (1) grape and (2)

strawberry
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Table 5. Recovery and RSD% of OPPs analysis in grape and strawberry samples using developed MCM-41 and

Fe3O4-MCM—41

Spiked level % Recovery (RSD%, n=3)
Sorbent Sample B - —— -
(mgL™) Chlorpyrifos Diazinon Parathion methyl
Strawberry 0 nd nd nd
1 110.7 (5.7) 101.4 (2.0) 108.9 (5.2)
MCM-41
Grapes 0 nd nd nd
P 1 112.4 (4.6) 107.2 (0.7) 73.3 (4.8)
0 nd nd nd
Strawberry
1 101.8 (1.8) 83.5(3.0) 109.6(4.3)
Fe3O4-MCM-41
Grapes 0 nd nd nd
P 1 118.3 (5.5) 108.8 (1.3) 115.3 (1.2)

Table 6. Comparison of the current study with other recent solid-based extraction techniques that used for
determination of OPPs in fruits and vegetable sample preparation

Adsorbent Method Detector Matrix LODs Recovery (%) References
Fe;04-MCM-41 MSPE HPLC-UV  Fruits 0.02 mg L™ 85-120 This study
MG@SiO,-TMSPEDc MSPE GC-uECD  Fruits 0.20 pg kg™ 82-113 [56]
Fe;0,@G-TEOS-MTMOS MSPE GC-ECD  Water 1.44pgmL™  83-105 [57]
Fe;04@S5i0,@GO-PEA MSPE GC-NPD  Water and vegetables ~ 0.02 ug L™ 94.6-104.2 [58]
C-G/Fe;0, SPME HPLC-UV  Water 50ngL™! >70 [59]
GCB/PSA/Fe; Oy DSPE GC-MS Vegetables 1.30 ng L™! 70.3-114.1 [60]
Molecular imprinted polymer SPE GC-MS Fruits 0.83 pg L 89.7-99.7 [61]
PDMS-TEOS SBSE GC-TCD  Vegetables 0.06 ng mL™! 70-85 [62]

Organophosphorus Pesticides (OPPs), limit of detection (LOD), magnetic solid phase extraction (MSPE), solid phase microextraction
(MSPE), dispersive solid phase extraction (DSPE), solid phase extraction (SPE), stir bar sorptive extraction (SBSE), high-performance liquid
chromatography-ultraviolet detector (HPLC-UV), gas chromatography-electron capture detector (GC-ECD), gas chromatography mass

spectrometry (GC-MS), gas chromatography thermal conductivity (GC-TCD)

Real Sample Analysis

In order to assess the applicability of the proposed
Fe;0,-MCM-41, MSPE method OPPs pesticides were
isolated to strawberry and grape as real model samples.
Prior to that, the real samples were treated in accordance
with the procedure in preparing samples and were then
spiked with the OPP standard solution with level 1 mg L.
Each sample was analyzed three times using the
HPLC/UV. The same process was applied to unspiked
samples. The obtained HPLC chromatograms for
strawberry and grape samples (spiked and unspiked) are
illustrated in Fig. 10(1) and 10(2). It was shown that the
unspiked samples for the selected pesticides were not
detected. Besides, Table 5 shown good recoveries of the
method were observed in the range of 85-120% with good
repeatability %RSD (< 10%, n = 3) for the selected

pesticides in both strawberry and grape samples.
Additionally, RSDs for triple extraction was more than
10% for the analyte in the real samples.

Comparison with Other Methods

Literature research of analytical performances on
the determination of OPPs pesticide in various samples
was conducted to compare the properties of the
proposed method with those of the reputed studies. As
illustrated in Table 6, the developed MSPE method
offers LOD better than SPE, DSPE, and comparable with
that of SPME and MSPE methods which demonstrated
considerable lower LODs. However, the LODs of the
current MSPE procedure is lower than MLRs (10 mg L™")
and offers an easier and faster procedure for the
simultaneous extraction of selected pesticides from fruit
samples.
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m CONCLUSION

The combined advantages of the large surface area
of MCM-41 and magnetic properties of Fe;O4 make the
successfully synthesized Fe;0,-MCM-41 a promising
sorbent for microextraction of OPPs pesticides in fruit
samples. Outstanding relative recovery (85-120%) and
low LOD (0.04-0.20 mg L") with method precision
(RSD%) of (2.6 to 9.0%, n = 3) for selected OPPs in reals
samples were achieved. These results proved that the
newly synthesized of Fe;0,-MCM-41 is a versatile
adsorbent for the preconcentration of OPPs pesticides as
compared to those of MCM-41. The field studies also
supported the effectiveness of this new magnetic
nanocomposite adsorbent which could be used and has
good potential for the extraction of selected pesticides
from real fruit samples.
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