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Abstract

A novel aluminum terephthalate/Fe,O5; nanocomposite was synthesized by the addition of Fe,O3 nanoparticles into a reaction
solution containing aluminum terephthalate MOF. The synthesized nanocomposite was successfully used as a fiber coating
material for solid-phase microextraction (SPME) of six organophosphorus compounds (OPPs) from river water, grape juice, and
tea samples. The effect of different parameters on the efficiency of SPME including desorption temperature and time, extraction
temperature and time, salt concentration, pH, and agitation were thoroughly studied. The OPPs were detected and determined
using GC-MS. According to the findings, a wide linear range (0.15-800 pg kg '), low limit of detection (0.04-10 pg kg™"), and
high recoveries from spiked samples (87.5-112%) were achieved with low inter-day relative standard deviation (3.2—6.7%, n =
5). The MIL-53(Al)/Fe,O5; nanocomposite showed a high extraction ability towards OPPs, and hence, it can be considered a
promising adsorbent for the extraction of various pesticides in complex matrices like tea and juice.

Keywords MIL-53(Al)/Fe,05 nanocomposite - Solid phase microextraction (SPME) - Organophosphorus pesticides - GC-MS

Introduction

Organophosphorus pesticides (OPPs) are characterized as low
price and highly efficient pesticides that are enormously used
in agriculture industry. However, OPPs are potentially toxic to
human and may cause serious health problems such as
neurodevelopmental disorders, cerebral palsy, and even death
[1, 2]. In an attempt to regulate OPP application in agriculture
industry, many countries have defined the maximum residue
limits (MRLs) for OPPs in different types of fruits, tea, and
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water. For example, the EU has mandated a general MRL of
3.0 mg kg ' for different kind of OPPs [1, 3]. The European
committee has also set the MRL of 0.1 pg L™' and
0.1 mg kg~' for drinking water and tea, respectively [4].
Since the pesticide residue particularly OPPs appears to be
very low in real samples such as tea, fruits, and vegetables,
which are known as complicated matrices, it is very impera-
tive to use a suitable sample preparation method before sam-
ple introduction to the analytical instrument [1, 5, 6].

So far, a wide variety of methods have been developed for
the extraction of OPPs such as dispersive liquid—liquid
microextraction (DLLME) [7], magnetic solid-phase extrac-
tion (MSPE) [4, 5], continuous sample drop flow
microextraction [8], and solid-phase microextraction
(SPME) [1, 9, 10]. Although liquid-phase microextraction
methods proivde many advantages including lower consump-
tion of organic solvent and higher EF and recovery compared
to conventional microextraction methods [11, 12], they suffer
from some drawbacks such as toxicity of organic solvents
used in these methods and necessity of sample clean-up in
samples with complex matrices. The main benefits associated
with the MSPE method are as follows: very high ratio of
surface area to extracting phase volume, better dispersion in
the sample solution, and rapid magnetic separation of
extracting phase. However, it has some disadvantages such
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as using organic solvents for the sake of analyte desorption.
Besides, the synthesis of magnetic materials, especially the
functional groups or special structures coated on them, is com-
plex and difficult [13]. SPME is a simple and solvent-free
extraction method which has gained a considerable amount
of attention due to its special features such as providing both
analyte extraction and sample introduction to analytical instru-
ment using a single device as well as easier fiber coating [14,
15]. As a result, it is always among the best extraction
methods for the analysis of samples with complex matrices
such as food.

The extraction mechanism in SPME is based on the equi-
librium partition of analyte between a coated fiber with an
extracting phase and sample matrix [16]. Thus, the adsorbent
is the most significant factor which plays a key role in the
extraction process, and the efficiency, sensitivity, and selec-
tivity of extraction is considerably linked to the adsorbent
nature [10, 17]. Unfortunately, available commercial fibers
fail to provide satisfactory results due to several limitations
including low thermal stability, low solvent resistance, low
adsorption capacity, poor durability, brittleness, and long ex-
traction time which have significantly limited the practical
application of SPME [18, 19]. So, it is very vital to improve
the stability and sensitivity of fibers by developing a new
coating material [16].

So far, different kinds of advanced material have been used
as the SPME fibers such as aptamer-functionalized materials
(AFMs), molecularly imprinted polymers (MIPs), carbon
nanotubes(CNTs), metal-organic frameworks (MOFs), cova-
lent organic frameworks (COFs), and ionic liquids (IL) [20]
among which metal-organic frameworks (MOFs) appear to
be more valuable due to their ability of improving adsorption
capacity and equilibrium [16].

MOFs possess several distinctive features as follows: nano-
scale porosity, tunable composition, various functional sites,
great surface area and thermal stability, modification capabil-
ity, and a great range of structures [16, 21]. In 2004, Loiseau
et al. reported a porous aluminum terephthalate MOF called
MIL-53(Al) synthesized by a hydrothermal process [22].
MIL-53(Al) is a three-dimensional aluminum terephthalate-
based porous material with one-dimensional rhombic-shaped
channels, pore diameters of 8.5 A, and pore aperture windows
of2.6 x 13.6 A2, Besides, it possesses accessible coordinative
unsaturated sites, large breathing, high surface area (1140
m’g "), and excellent chemical stability [22]. Several compos-
ites of MIL-53(Al) have been synthesized for different pur-
poses as mentioned below. Xie and coworkers [23] demon-
strated that amine-functionalized MIL-53(Al) could be used
as an efficient fiber coating material for SPME of organochlo-
rine pesticides and synthetic musks. Besides, Chen et al. [24]
prepared three types of MIL-53(M) (M= Al, Fe, Cr) as a
SPME fiber coating material and examined their efficiency
in the microextraction of polycyclic aromatic hydrocarbons.

@ Springer

The results showed that among the three MIL-53(M) coatings,
MIL-53(Al) provided the highest extraction efficiency to-
wards polycyclic aromatic hydrocarbons (PAHs) owing to
its high thermal and chemical stability. Zhang et al. [25]
solvothermally synthesized the Fe;O4/MIL-101 composite
(in dimethylformamide solvent) and used it for MSPE of
OPPs. They indicated that due to high porosity and the pres-
ence of a large amount of oxygen groups and 7t electrons in
the Fe;O4/MIL-101 composite, their proposed method could
provide good precision and satisfactory recoveries.

In this work, for the first time, MIL-53(Al)/Fe;03 (25% wt)
was employed as an SPME adsorbent for the extraction of six
OPPs (phorate, diazinon, disulfoton, parathion, malathion,
and chlorofenvinphos) from river water, fruit juice, and tea.
Unlike Fe304/MIL-101 that was produced in DMF, which is
a toxic solvent with a possibility of its encapsulataion inside
MOFs and causing a secondary pollution [26], MIL-53(Al)/
Fe,O3 was synthesized by a hydrothermal process which is
more environmentaly freindly. Besides, MIL-53(Al) /Fe,O3
has a higher chemical and thermal stability than Fe;O,/MIL-
101 making it a suitable adsorbent for coating SPME fibers.

Experimental

Solutions and chemicals

A full description of materials used in this study have been
provided in supporting information.

Instrumentation

Please refer to supporting information to see the instrumenta-
tion details.

Synthesis of MIL-53(Al)

The aluminum terephthalate MOF (MIL-53(Al)) was pre-
pared using hydrothermal process reported by Loiseau and
coworkers (for more details, see ESM) [22].

Synthesis of a-Fe,03

The iron oxide nanoparticles (x-Fe,O3;) were synthesized
using ultrasound-assisted protocol previously reported by
Askarinejad and coworkers (for more details, see ESM) [27].

The synthesis of MIL-53(Al)/Fe,0; (25% wt)
nanocomposite

The same procedure described for synthesis of MIL-53(Al)
was utilized to synthesize nanocomposite MIL-53(Al)/Fe,03
(25% wt) with a minor change. A total of 360.0 mg of Fe,O3
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nanoparticles were added to the reaction solution after addi-
tion of terephthalic acid, Al (NO3)3'9H,0, and water into the
Teflon reactor. Once the reaction was over, the bright red-
colored precipitate was separated from the solution by a cen-
trifuge followed by rinsing with DI water. The collected sed-
iment was then dried out under vacuum for 1 h. Finally, the
dry sediment was calcined at 360 °C for 72 h in the air.

Fabrication of MIL-53(Al) and MIL-53(Al)/Fe,05 fibers

In an effort to use the coated fibers for the extraction of the
target compounds using SPME, a few pieces of stainless steel
wires were cut into 2.5 cm pieces followed by successive
sonication in water and acetone for 20 min. The wires were
then dried out and dipped into an epoxy glue for a few sec-
onds. The excess amount of glue on the wires was removed by
apiece of filter paper, and only a thin film of glue was allowed
to remain on the wire’s surface. Afterwards, the synthesized
MIL-53(Al) and MIL-53(Al)/Fe,O; nanocomposites were
placed on the surface of modified wires by rotation of wires
inside the mixture of nanocomposites. Finally, the SPME fi-
bers were dried at 50 °C for 30 min. In order to prevent likely
contamination of coated fibers and glue deterioration before
extraction, they were placed in an in-house SPME device
followed by inserting into the GC inlet and heating at
300 °C for 2 h under a stream of 99.999% helium gas.

Sample preparation

Two grams of powdered dry tea sample supplied from the
local market was sprayed with 150.0 pL of a 0.4 ppm OPP
solution (in methanol). The sample was left in room condition
for 12 h to ensure the penetration of OPPs into the sample [28,
29]. After 12 h, it was added into 40.0 mL of ultrapure boiling
water and the solution was cooled down to the room temper-
ature. Finally, 20.0 mL of this solution was transferred into a
SPME extraction vial. The same procedure was conducted to
prepare blank tea samples without an addition of OPP mix-
ture. The grape juice samples were supplied from the local
market, and water samples were collected from river Zakho.
Then, 20.0 mL of each sample was spiked with OPPs to a final
concentration of 10.0 ug L™". Prior to analysis, the pH of real
samples was cheked and adjusted between 4 and 7.5 using
0.5% NaOH and HCI solution. Before extraction, all the sam-
ple solutions were incorporated with 2.5% (w/v) NaCl
solution.

SPME procedure

Twenty milliliters of working solution or real sample solution
was transferred into a 20 mL headspace glass vial capped with
septa. The solution was stirred at 700 r.p.m. for 35 min using a
magnetic stirrer. The extraction temperature was adjusted at

40 °C using a thermostatic water bath. The needle of the
SPME device was penetrated through the septum, and the
coated fiber was pulled out to reach the sample solution.
After 35 min, the fiber moved back into the needle, removed
from the vial, and dried by nitrogen gas stream for 30 s. Then,
it was inserted into the GC injector for thermal desorption of
analytes at 280 °C for 2.0 min. Prior to each measurement, the
fiber was conditioned at 280 °C for 6.0 min.

Results and discussion
Choice of materials

MIL-53(Al) is a carboxylate-based MOF with a high surface
area, flexible framework, and notable thermal and chemical
stability. The hydroxyl groups in the MIL-53(Al) structure can
greatly increase the interaction between the sorbent and polar
organic analytes. Besides, the benzene rings inside the pores
can significantly increase the adsorption of the aromatic and
heterocyclic analytes by MIL-53(Al). Hematite (x-Fe,05) is
the most stable iron oxide under ambient conditions that can
easily be covered with H,O atoms and hydroxyl groups [30].
In this study, the MIL-53(Al)/Fe,O3 nanocomposite was fab-
ricated via a hydrothermal method without using any hazard-
ous organic solvents. Considering the special structure of
MIL-53(Al), the MIL-53(Al)/Fe,O3 nanocomposite was cho-
sen as the SPME coating material for the extraction of polar
OPPs. This nanocomposite can be sensitive to OPPs with the
m—Tt stacking, hydrogen bonding (HB), and host—guest inter-
actions [31]. In addition, the presence of Fe,O5 in this com-
position seems to increase the surface area, possibility of the
great HB between surface hydroxyls of Fe,O3 (as HB donor)
and OPP molecules (as HB acceptor), pore volumes, and po-
larity making it very suitable for the adsorption of OPPs as
polar compounds.

Characterization of MIL-53(Al) andMIL-53(Al)/Fe,03
nanocomposite adsorbents

Evaluation and interpretation of TGA curves

The TGA curves of MIL-53(Al) and MIL-53(Al)/Fe,O5 nano-
composite particles are presented in Fig. S1 (see, ESM for
more details).

Evaluation and interpretation of FT-IR spectrum

FT-IR spectra are known as useful tools to identify the pres-
ence of certain functional groups or chemical bonds in a com-
pound of interest. Fig. S2 shows the FT-IR spectra of
terephthalic acid, MIL-53(Al), and MIL-53(Al)/Fe,O5 (see,
ESM for more details).

@ Springer
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Evaluation and interpretation of SEM images and EDAX
spectrum

Figure 1 a shows the SEM image of MIL-53(Al) at 30000x
magnification. It shows that MIL-53(Al) has been created in
the form of layered cubes with crystalline shape. The layers
have a thickness of about 20—60 nm in some areas. The SEM
image of the MIL-53(Al)/Fe,O3 nanocomposite is shown in
Fig. 1b. The Fe,O5 nanoparticles can be seen in the shape of a
coin at the surface surrounded by MIL-53(Al) cubes that are
50-70 nm in thickness and 100-600 in diameter.

The EDAX spectrum of the MIL-53(Al)/Fe,O5; nanocompos-
ite is presented in Fig. 1c. It should be mentioned that the analysis
was performed without metal coating because of the high thermal
stability of the sample, and our findings proved the high purity of
the product and presence of elements like C, O, Al, and Fe. the
SEM image of the fiber made of the MIL-53(Al)/Fe,O3 nano-
composite is shown in Fig. 1d at 300x magnification.

XPS analysis

As observed in Fig. 2 and Fig. S3, the full-scan X-ray photo-
electron spectroscopy (XPS) spectrum was used to exhaust

Signal A=QBSD  Date :22 Jan 2018

WD= 5mm Photo No. =2220  Time :11:49:18

EHT = 15.00 kv

keV

studying of the surface elements and chemical states of the
MIL-53(Al)/Fe,0O3 nanocomposite. The survey XPS spectrum
exhibits the presence of Al, C, O, and Fe elements in the MIL-
53(Al)/Fe,05, which is in accord with the EDAX result (Fig.
2) (see, ESM for more details).

Evaluation and interpretation of XRD pattern

XRD patterns of the metal-organic framework MIL-53(Al)
and MIL-53(Al)/Fe,O5; nanocomposite in the range of 20 =
5°-70° are shown in Fig. S4 (for more details, see the
Electronic supplementary material).

The evaluation of adsorption—desorption of N,

Looking at the adsorption—desorption isotherm of nitrogen pre-
sented in Fig. S5, it is quite obvious that both MIL-53(Al) and
MIL-53(Al)/Fe,O3 nanocomposites possess type I isotherms with
a small hysteresis showing that synthesized samples have a micro-
porous structure which completely comply with the Langmuir
monolayer adsorption model (see ESM for more details).

Signal A=QBSD  Date :22 Jan 2018

EHT =15.00 kV WD= 6mm Photo No. =2249  Time :14:14:19

Signal A= QBSD  Date :25 Dec 2017

WD= 6mm Photo No. = 1371 Time :11:49:51

EHT =156.00 kV

Fig. 1 SEM images of the a metal-organic framework MIL-53(Al), b MIL-53(Al)/Fe,O; nanocomposite, ¢ EDAX spectrum of MIL-53(Al)/Fe,05

nanocomposite, and d fiber made of MIL-53(Al)/Fe,O; nanocomposite

@ Springer
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Fig. 2 XPS spectrum of full Surv
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Optimization of SPME parameters for extraction of
pesticides

In an attempt to reach an optimized condition for extraction of
OPPs by the fibers prepared for the DI-SPME, different param-
eters which may affect the extraction efficiency were assessed
and optimized. So, extraction temperature and time, desorption
temperature and time, stirring rate, pH, and salt effect were eval-
uated at the first step. During optimization process, the analyte
concentrations were adjusted at 10.0 pg L™ in aqueous solution
and fruit juice and at 30.0 ug kg ' in tea samples. The sample
volume in all experiments was 20.0 mL.

The practical factors that can affect the efficiency of extrac-
tion including extraction temperature and time, desorption
temperature and time, ionic strength, agitation, sample solu-
tion pH, and desorption temperature were preliminarily exam-
ined and optimized as follows: extraction temperature: 40 °C;
extraction time: 35 min; desorption temperature: 280 °C; de-
sorption time: 2 min; agitation: 700 rpm; sample solution pH:
no adjustment; and sample ionic strength: 3% (w/v). Further
information about the optimization procedure for each factor
can be found in supplemetary information (Fig. S6-8).

Comparison of MIL-53(Al)/Fe,03 with MIL-53(Al) and
Fe203

The extraction efficiency of the proposed method was evalu-
ated using three adsorbents described earlier including the
MIL-53(Al)/Fe,O3 nanocomposite, MIL-53(Al), and Fe,O3
in order to identify the most suitable adsorbent. As indicated
in Fig. 3, the highest extraction efficiency was achieved when
MIL-53(Al)/Fe,O5 was used as the coating material for all
studied OPPs under the same condition. As already discussed,
the MIL-53(Al)/Fe,O; nanocomposite possesses a three-
dimensional nanoporous structure with a great specific surface
area which may justify the high extraction efficiency achieved
by this nanocomposite.

Method validation

The analytical performance of the presented the SPME-
GC-MS method in analysis of concerned OPPs was eval-
uated through determination of figures of merit including
limits of detection (LODs), limits of quantification
(LOQs), linearity, coefficients of determination (%), and
relative standard deviations (RSDs). The concentration of
the OPPs in real samples including tea, river water, and
grape juice were adjusted at two different levels of
35.0 pg kg ' and 35.0 ug L' by the addition of an ap-
propriate amount of the OPPs into the sample. For tea,
river water, and grape juice samples, the LODs were de-
fined as the signal-to-noise ratio of 3 (S/N = 3) which was
determined between 0.04 and 10.0 ug L™, and the LOQs
were calculated as signal-to-noise ratio of 10 (S/N=10)
varied from 0.15 to 35.0 ug L™'. The calibration curves
stablished for each analyte were linear from their respec-
tive LOQs to 800.0 ug L' with 7% values between 0.990
and 0.999. For tea sample, the LODs were found to be
between 0.1 and 10.0 pg kg ' and the LOQs were esti-
mated between 0.4 and 35.0 pug kg '. The calibration
curves obtained for each analyte were linear from their
respective LOQs to 800.0 ug kg™ with * values ranging
from 0.990 to 0.995. The intra-day precision and inter-day
precision were calculated at three different real samples.
The intra- and inter-day precision of the proposed method
was examined by running five successive measurements
and five consecutive days without changing the fiber, re-
spectively. The obtained RSDs were all below 7.9% indi-
cating that this method has an acceptable precision in the
analysis of OPPs. Also, the fiber-to-fiber reproducibility
for three different fibers produced under the same condi-
tions ranged from 4.8 to 9.7%. Table 1 summarizes the
analytical figures discussed above. Selectivity study was
also conducted according to the internationally accepted
criteria of the Food & Drug Administration, 2018 (FDA)
[32, 33]. As can be seen, no significant interfering peaks

@ Springer
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Fig. 3 Comparison of extraction
efficiencies of MIL-53(Al)/Fe,O3
with MIL-53(Al) and o-Fe,O5 for
OPPs
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were observed at the same retention time of the OPPs in the
chromatogram of the blank sample (OPP-free sample), indi-
cating selectivity towards the MIL-53(Al)/Fe,O; SPME and
suitable chromatographic separation of OPPs (Fig. 4a).
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Finally, in order to check the applicability of the proposed
method for the analysis of copmounds other than OPPs, some
important pollutants were analyzed using this method and the
results were included in supplementary information.

Table 1 Analytical performance of the six OPPs for river water, grape juice and tea samples obtained by this method
Sample Compounds LOD? LOQ" LR ? RSD%® ME%"
(gL (ugL™)  (ugL™h
Inter- Intra- Fiber to fiber! 50.0 (pg L™
day day

River water ~ Phorate 0.8 3.0 3.0-800 0.995 44 52 6.7 96
Diazinone 0.2 0.8 0.8-800 0998 3.8 43 5.6 97
Disulfoton 0.04 0.15 0.15-800 0999 32 3.6 4.8 100
Malathion 10 35.0 35.0-800  0.990 6.0 6.8 8.5 93
Parathion 0.5 1.5 1.5-800 0998 4.0 4.7 6.1 95
Chlorofenvinphos 1.5 5.0 5.0-800 0.992 4.7 5.6 7.0 90

Grape juice Phorate 0.8 3.0 3.0-800 0.995 5.0 6.2 74 95
Diazinone 1.0 35 3.5-800 0995 4.6 5.0 6.8 92
Disulfoton 0.04 0.15 0.15-800  0.998 3.4 43 55 98
Malathion 7.0 24.0 24.0-800 0992 54 6.6 8.7 94
Parathion 0.1 0.4 0.4-800 0999 39 4.8 6.1 96
Chlorofenvinphos 1.5 5.0 5.0-800 0.995 52 6.3 7.9 92

Tea Phorate 1.5 5.0 5.0-800 0992 53 6.5 7.7 91
Diazinone 1.5 5.0 5.0-800 0992 4.6 5.5 7.0 93
Disulfoton 0.1 0.4 0.4-800 0995 38 4.6 6.3 96
Malathion 10 35.0 35.0-800 0990 6.7 7.9 9.7 88
Parathion 1.0 35 3.5-800 0995 45 53 6.8 91
Chlorofenvinphos 3.0 10.0 10.0-800 0992 6.0 7.2 9.0 87

2LODs were defined as a signal-to-noise ratio of 3

®LOQs were calculated as signal-to-noise ratio of 10

© single-fiber RSDs, intra-day (n = 5) and inter-day within 5 days, tea (35 pg kg ') and 35 ug L' for water and juice

9 reproducibility was calculated for 3 SPME fibers

matrix effect was calculated at the concentrations of 50 pg kg ' for tea and 50 ug L' for water and juice

@ Springer
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Fig. 4 a Grape juice. b Tea. Chromatograms for A blank, B4.0 pg L', and C 25.0 pg kg ' spiked concentration and 10.0 ug L™ and 60.0 ug kg ' for
IS. 1 Phorate. 2 Diazinone. 3 Disulfoton. 4 Malathion. 5 Parathion. 6 Chlorofenvinphos

Matrix effect

The matrix effect (ME%) was evaluated by analyzing water,
juice, and tea samples under the optimized conditions by blew
by the equation [34]:

As—A
STAR L 100.

ME% =

As, An, and Aw are the peak areas of the analyte in the spiked
and nonspiked samples and spiked ultrapure water, respectively.
The results are summarized in Table 1. As can be seen, the
determination of analytes in water and grape juice were not

affected by the matrix significantly, while in more complex sam-
ples such as tea drink, it can be impacted very slightly.

Determination of OPPs in real samples

In order to examine the versatility of the proposed method in
real sample analysis, six OPPs were analyzed in water, grape
juice, and tea samples using this method. Table 2 shows the
analytical figures associated with the analysis of these OPPs in
mentioned samples. As it can be seen, only river water
(4.0 ng L") and tea samples (15.0 ug kg_l) contained mea-
surable amount of chlorofenvinphos both of which lower than

@ Springer
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Table 2 Application of the present method to determination of OPPs in real samples (n =3)

Analyte Water Juice Tea
Added Found (£SD) RR% RSD Found RR% RSD% Found RR% RSD
(ng L™ (ng L™ #SD) (%) (ngLlh (ng kg (%)
Phorate 0 nd - - nd - - nd - -
4.0 4.4+0.24 110£69 63 43+0.26 107+64 6.0 <LOQ - -
40.0 40.6+1.7 101+42 42 41.0£2.0 102+5.1 5.0 383+1.8 95.7+4.5 4.7
Diazinone 0 nd - - nd - - nd - -
4.0 42+0.21 105+53 5.1 3.5+0.22 87.5+56 64 <LOQ - -
40.0 394+14 98.5+3.6 3.7 37.7+1.7 942+42 45 40.8+1.7 102+£43 42
Disulfoton 0 nd - - nd - - nd - -
4.0 41+0.16 102+4.1 4.0 39+0.18 97.5+4.7 4.8 42+0.17 106+4.2 4.0
40.0 39.6+1.1 99.0+3.0 3.0 375+1.3 93.7+3.1 34 39.8+1.5 99.5+3.7 3.7
Malathion 0 nd - - nd - - nd - -
4.0 <LOQ - - <LOQ - - <LOQ - -
40.0 394+24 98.5+59 6.0 36.7+£1.8 91.7+4.6 5.0 357423 89.2+58 6.5
Parathion 0 nd - - nd - - nd - -
4.0 3.840.22 95.0+55 58 42+0.21 105+53 5.0 3.7+0.22 93.0+5.6 6.0
40.0 37.5+1.5 93.7+3.7 4.0 393+14 982+3.4 35 39.2+1.7 98.5+43 44
Chlorofenvinphos 0 5.6+0.46 - 8.2 nd - - 14514 - 9.5
20.0 24.0+1.3 92.0+5.0 54 17.0+1 85.0+4.8 5.7 36.2+2.6 108+79 7.3
40.0 413+1.8 933+42 45 35.0+£1.7 87.5+4.4 50 56.0+£3.2 102+5.8 5.7

SD standard division (n = 3), RSD relative standard division, RR relative recovery

the MRLs set by EU. The samples were then spiked with 4.0
and 40.0 pg kg ' of the OPPs to evaluate the accuracy and
recovery of the method. The respective analytical data are
summarized in Table 2. The GC-MS chromatograms related
to the analysis of each OPPs in the blank and spiked real
samples (grape juice and tea) are shown in Fig. 4. The chro-
matogram in Fig. 4a, A is related to blank grape juice which
was free of OPPs and the chromatogram in Fig. 4b, B belongs
to blank tea which contained 14.5 ug kg ' chlorofenvinphos.

Comparison study

The analytical figures of the proposed method were compared
to those of previously reported methods and the same were
listed in Table 3. As it can be seen, the linear range of the
proposed method is greater than SBSE-GC-FPD ([35]), SPE-
HPLC-UV ([5]), MSPE-GC-NPD ([25]), and Md-SPE-GC-
MS ([37]), but narrower than SPME-GC-MS ([1]), HS-
SPME-GC-MS ([10]), and MSPE-GC/NPD ([37]). Although

Table 3  Comparison of the current method with other reported methods for the analysis of OPPs
Method Sample LOD RR% Linear range Time (min) Ref.
SPME-GC-MS Fruits and vegetables 0.23-7.5ng g ' 82.6-118 0.69-3000.0ng g ' 32 [1]
HS-SPME-GC-MS water 0.005-0.008 ug L' 88-108 0.015-50 yg L' 40 [10]
Si0,@Ph4[26]aneN, SPE-HPLC-UV  Tea drink 0.1 ugL™! 90.4-113.5 5-500 pg L™ 20 [5]
PDMS/MOFs-SBSE-GC-FPD Water 0.043-0.085 ug L' 80.0-115  0.2-100 ug L™ 25 [35]
MSPE-GC-NPD Hair and urine 021228 ug L' 749921  1-100 pg L™ 40 [25]
Md-SPE- GC-MS Strawberries 3.6-3.8 pg kg ! 72-115%  25-250 pug kg 30 [36]
3D-G- Fe;04 MSPE-GC/NPD Fruit juice 0.001-0.005 ug L' 86.6-107.5 0.003-50 pg L™ 10 [37]
MSPE-GC/MS Fe;04/MWCNTs Tea 624 pg kg 72.5-109.1  80-2000 ug kg ' 1 [38]
G@Si0,@Fe;0, MSPE-GC-FPD Environmental water 1024 pg L™ 89.3-1172  50-5000 pg L' 7 [39]
ATP@Fe;0,@ZIF-8 MSPE-HPLC ~ Tea drink 0.7-32 ug L' 79-114 2.5-500 pg L™ 3 [40]
SPME-GC-MS Water, juice 0.04-10.0 pg L™ 87.5-112.0  0.15-800 pg L™ 35 This study
Tea 0.1-10 pg kg ! 0.4-800 g kg !

SBSE-GC-FPD stir bar sorptive extraction gas chromatography-flame photometric detection, Md-SPE-GC-MS magnetic microdispersive solid-phase
extraction, MSPE-HPLC magnetic solid-phase extraction—high-performance liquid chromatography, SPME-GC-MS solid-phase microextraction—gas
chromatography—mass spectrometry, HS-SPME-GC-MS headspace solid-phase microextraction—gas chromatography—mass spectrometry
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the LOD appears to be lower than SPME-GC-MS ([1]),
MSPE-GC-NPD ([25]), and MSPE-GC/MS ([38]), it is higher
than HS-SPME-GC-MS ([5]) and MSPE-GC/NPD ([25]) and
comparable with SBSE-GC-FPD ([35]). The extraction time
in the current method seems to be longer than some of the
listed methods. However, it is still comparable to SPME-
GC-MS ([1]), HS-SPME-GC-MS ([10]), and MSPE-GC-
NPD ([25)).

In summary, it seems that the synthesized MIL-53(Al)/
Fe,O3 nanocomposite is a suitable adsorbent for the extraction
of studied OPPs using SPME, and the established DI-SPME-
GC-MS method can be considered a proper alternate for pes-
ticide quantification in juice, water, and tea samples.

Conclusions

The MIL-53(Al)/Fe,O5; nanocomposite was used as a coating
material for trace analysis of OPPs using DI-SPME-GC-MS
in water, grape juice, and tea samples. It was demonstrated
that coating the SPME fiber with MIL-53(Al)/Fe,O3 nano-
composite enhances its porosity and provides extractions with
high efficiency and good precision for OPPs. Using the pro-
posed method, six OPPs were successfully extracted and de-
termined in three different real samples with good recoveries
and acceptable RSDs. Despite all the mentioned benefits, the
thermal stability of the introduced nanocompoite is limited
due to the presence of iron oxide inside its structure. So, the
proposed method may not be applicable for the compounds
with desorption temperatures higher than 450 °C. As a con-
clusion, we believe that the MIL-53(Al)/ Fe,O3 nanocompos-
ite is a promising adsorbent for SPME, and it can be used for
extraction of many pesticides and organic pollutions in food
and environmental samples. On the other hand, little is known
about the extraction mechanism using MIL-53(Al)/Fe,0;
nanocomposite-coated fibers which means that a lot more
studies can be conducted in this area.
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