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Abstract

In this study, a new magnetic adsorbent based on magnetite-sporopollenin/graphene oxide (Fe;04-SP/GO) was successfully
developed. The adsorbent was applied for magnetic solid phase extraction (MSPE) of three selected polar organophosphorus
pesticides (OPPs), namely, dimethoate, phenthoate, and phosphamidon, prior to gas chromatography analysis with electron
capture detection (GC-pUECD). The Fe;0,4-SP/GO adsorbent combines the advantages of superior adsorption capability of the
modified sporopollenin (SP) with graphene oxide (GO) and magnetite (Fe;0,4) for easy isolation from sample solution. Several
MSPE parameters were optimized. Under optimized conditions, excellent linearity (R*>0.9994) was achieved using matrix
match calibration in the range of 0.1 to 500 ng mL~". The limit of detection (LOD) method (S/N =3) was from 0.02 to
0.05 ng mL™". The developed Fe;04-SP/GO MSPE method was successfully applied for the determination of these three polar
OPPs in cucumber, long beans, bell pepper, and tomato samples. Good recoveries (81.0-120.0%) and good relative standard
deviation (RSD) (1.4-7.8%, n = 3) were obtained for the spiked OPPs (1 ng mL ") from real samples. This study is beneficial for
adsorptive removal of toxic pesticide compounds from vegetable samples.
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Introduction

Pesticides are applied in agriculture to combat pests that de-
stroy crops; hence, they improve the quality and quantity of
the products. Due to their relatively low cost and high chem-
ical activity, the use of pesticides eventually leads to high-
quality agricultural products (Mahpishanian et al. 2015;
Lucchi and Benelli 2018). Generally, more than 500
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compounds are enlisted worldwide as pesticides and their
use cannot be avoided as they improve diet, good health,
and decrease cost (WHO1990). Increasing use of pesticides
in food production has in recent years become a global chal-
lenge because of their perceived level of toxicity. Above a
specified level, they are considered harmful to human health
as they affect cholinesterase enzyme with persistence and bio-
accumulation (Tankiewicz et al. 2010; Benelli et al. 2018;
Benelli 2018a, b).

Organophosphorus pesticides (OPPs) are one of the largest
classes of agricultural insecticides currently in use due to bet-
ter pest control, low cost, and faster degradation (Fenik et al.
2011). OPP residual permissible maximum limit is between
0.1 and 0.5 ng mL™" as set by the Environmental Protection
Agency (EPA 2003). In general, OPP residue maximum levels
set by the European Union from 0.1 to 0.3 mg kg™ is consid-
ered safe (Pico and Kozmutza 2007). Widespread use of pes-
ticides in vegetable production and presence of a wide variety
of toxic pesticide contamination expose consumers to low
levels of pesticides, especially when these commodities are
freshly consumed (Bidari et al. 2011). Thus, monitoring and
evaluation of pesticide residue in vegetables is necessary to
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warrant consumers’ safety (Mahmood and Malik 2014).
Direct instrumental determination of OPPs is often limited
due to their low concentration levels in sample solution and
presence of matrix interferences. Therefore, analysis of OPPs
requires a good sample preparation method to isolate the
analytes from complex matrices and remove the interfering
compounds before instrumental analysis to achieve a suffi-
cient sensitivity and improve limit of detection (Rashidi
Nodeh et al. 2017).

Several methods have been successfully demonstrated for
extraction of OPPs in various matrices. These include liquid-
liquid extraction (LLE) (Igarashi and Yotsuyanagi 1992), sol-
id phase extraction (SPE) (Sanagi et al. 2013; Wu et al. 2011;
Wan Ibrahim et al. 2012), solid phase micro-extraction
(SPME) (Bidari et al. 2011; Wan Ibrahim et al. 2010), stir
bar sorptive micro-extraction (SBSE) (Zhou and Fang 2015;
Wan Ibrahim et al. 2011), and dispersive solid phase extrac-
tion (DSPE) (Zheng et al. 2010). Use of the LLE method for
determination of OPPs is tedious, time consuming, and labor
intensive and consumes large amount of toxic solvents which
pose disposal and environmental problem, thereby, limiting its
use. Though considered a bit expensive, the later three
methods are environmental friendly. Of the various methods,
SPE is the most popular method used in various applications
due to its simplicity and high preconcentration factor achieved
(Sanagi et al. 2013). In comparison to LLE, SPE handles small
samples (50—100 mL), consumes less solvent (2—20 mL), and
has reasonable cost and time with no emulsion formation. SPE
limitations such as time consumption (as it encompasses
multi-step operations including evaporation of elute), channel-
ing problem, and cost led to search for a simple, low-cost, and
environment-friendly method (Bianchi et al. 2012). Therefore,
a new SPE method involving the introduction of magnetic
nanoparticles known as magnetic solid phase extraction
(MSPE) evolved and has gained prodigious attention.

Accordingly, this new method has been adjudged as a rap-
id, efficient, and excellent treatment method (Safaiikova and
Safaiik 1999). In MSPE, the magnetic adsorbent can be read-
ily isolated from the sample matrix with an external magnet
without filtration or centrifugation. After adsorption, the
analytes held in the solid adsorbent are eluted with a suitable
solvent (Barakat 2011; Rashidi Nodeh et al. 2017). The prop-
erties and nature of the solid adsorbent in MSPE are para-
mount. In practice, solid adsorbent for MSPE should contain
high surface area, high adsorption capacity, efficient
dispersability in liquid samples, appropriate surface for inter-
action, and good stability and magnetic property for fast and
quantitative sorption and elution (Ali et al. 2015; Xu et al.
2015). In this context, Fe;04 magnetic nanoparticles
(MNPs) as MSPE adsorbent are not reliable due to its short-
comings such as aggregation, less surface for interaction, and
low stability in acidic medium and are easily oxidized which
leads to their modification and development (Zheng et al.

2013). The modification will provide a more efficient method
at the same time enhance the selectivity of the modified ad-
sorbent toward the target analytes. Thus, an investigation into
the synthesis of a novel and simple adsorbent with excellent
adsorption performance is desirable (Xu et al. 2015).

Over the years, several developments on the MSPE adsor-
bent have been reported (Kamboh et al. 2016; Ali et al. 2015;
Rashidi Nodeh et al. 2017; Yusuffet al. 2018; Sun et al. 2015;
Mahpishanian et al. 2015), whereas, using graphene oxide
(GO) (Zheng et al. 2013; Sitko et al. 2013; Sun et al. 2015)
and sporopollenin (SP) (Gubbuk 2011; Sargin and Arslan
2015; Kamboh et al. 2016) is of great interest.
Sporopollenin, a chemical co-polymer that makes up the outer
layer (exine) of pollen grains with approximate composition
CooH 144057, has remarkable physical and chemical stability.
The hollow nature of its exines and thick walls (2 mm) perfo-
rated with a variety of channels and porous outer and inner
surface are readily available for binding (Kamboh et al. 2016).
Its profound attribute is its ability to act like a sponge around
substances such as pesticides, toxins, and toxic metals by
soaking them up and bring them together (Gubbuk 2011). It
has high selectivity for metals but has less selectivity for
polar OPPs (Sargin and Arslan 2015). To increase its se-
lectivity toward polar OPP analytes, GO has been consid-
ered. GO has high surface area (3700 m* g~ theoretically)
(Sitko et al. 2013), variety of benzene rings, functional
groups, noticeable -7t electron, significant high adsorp-
tion capacity, wide range of application, and good selectiv-
ity toward polar OPPs (Sitko et al. 2013; Sun et al. 2015).
Both GO and SP combine to form hydrophobic interaction,
strong hydrogen bonding, and 7t-7t interaction which is
enough to keep the analytes adsorbed. Therefore, combi-
nation of magnetite (Fe;0,4) with SP and GO is expected to
promote high surface area for adsorption, excellent selec-
tivity, good stability, and ease of separation. To the best of
our knowledge, this is the first report of the MSPE method
based on Fe;04-SP/GO for polar OPPs.

In this current work, MSPE based on Fe;04-SP/GO as an
active new adsorbent is presented. Selectivity and adsorption
capacity of the Fe;O4 have been improved by SP and GO to
adapt various targets. The nature of the magnetic material and
method provides time saving and is a convenient, low toxic,
inexpensive, environmental friendly, effective, and sensitive
procedure for determination of selected polar OPPs in selected
vegetables. The OPPs and the vegetable samples were select-
ed due to ground-level survey and literature review which
revealed that dimethoate, phenthoate, and phosphamidon
were frequently used to control pest in Malaysian vegetables
such as bean species, peppers, tomatoes, cucumbers, and cab-
bages. Therefore, Fe;0,4-SP/GO MSPE is proposed for simul-
taneous extraction of three selected polar OPPs in four select-
ed vegetables, namely cucumber, green bell pepper, green
long beans, and reddish tomato.
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Materials and methods
Materials

Dimethoate, phosphamidon, and phenthoate standard pesti-
cides were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Hydrochloric acid (37%), sulfuric acid (98%), Ar grade
acetone, ethanol, potassium permanganate, hydrogen perox-
ide, and ammonia solution were purchased from Mark
(Darmstadt, Germany). Ferric and ferrous chloride were ob-
tained from Fluke (Seelze, Hanover, Germany). The graphite
and sporopollenin powder were purchased from Sigma-
Aldrich (St. Louis, MO, USA). The vegetable samples were
obtained from Sri-Pulai market, Skudai, Johor, Malaysia.

Preparation of the Fe;0,-sporopollenin

The Fe;O4 was prepared as described by Li et al. (2015).
Briefly, 1.36 g of FeCl,"4H,0 and 1.7 g of FeCl5-6H,0
(1:2) were carefully mixed in deionized water (DW), after
which the solution was sonicated and degassed for 30 min
and stirred for 1 h at 50 °C in the presence of N, gas. A volume
of 10 mL of 32% ammonia solution was added dropwise with
continuous stirring until a black precipitate solution was ob-
served at pH 9. The mixture was stirred for 2 h and the heat
was then turned off, but continued stirring for about 5 h. The
obtained product was divided into two portions. One portion
was washed with DW and then oven dried at 100 °C. To the
other potion, an amount 0.03 g SP was dispersed gently onto
the prepared Fe;O,4 with continued stirring and 2 mL methanol
was added to enhance solubility. Then, the solution was stirred
for 2 h at 50 °C. The mixture was continuously stirred for 4 h
without heat. The product (Fe;O4-SP) obtained was washed
with DW until a neutral pH value and oven dried at 100 °C
overnight.

Synthesis of graphene oxide

GO was prepared from graphite powder using the modified
Hummers method (Hummers and Offeman 1958). An amount
of 1.0 g graphite powder was weighted into a 250-mL conical
flask and 40 mL DW was added. The mixture was then stirred
for 20 min at 50 °C and then put in an ice bath. Then, 100 mL
H,SO, was gently added into the mixture with vigorous mag-
netic stirring for 1 h. Then, 5.0 g KMnO,4 was gradually added
to the mixture with continued stirring at 50 °C for about 2 h,
after which the resulting mixture was cooled to room temper-
ature and poured into ice (300 mg), then added 10 mL of 30%
H,0, to produce a yellowish color solution. The solution was
then diluted with DW (600 mL) and left overnight for precip-
itation. Finally, the supernatant was decanted and the product
was diluted and washed with DW until pH 7. The product
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obtained was filtered (suction pump) and oven dried at
100 °C overnight.

Preparation of Fe;0,-SP/GO

The freshly prepared graphene oxide was dispersed wisely
into the magnetic Fe;O4-SP. The mixture was then stirred at
50 °C for 3 h. Thereafter, the heat was removed, and the
mixture was allowed to continue stirring for the next 8 h.
Finally, the product was washed until pH 7 and was oven dried
at 100 °C overnight.

Characterization Fe;0,-SP/GO adsorbent

The prepared materials were characterized using the Fourier
transformed infrared (FTIR) spectroscopy, SEM,
thermogravimetric-differential thermogravimetric analysis
(TGA-DTA), and vibrating sample magnetometry (VSM).
The FTIR spectra of the materials were recorded with a
PerkinElmer FTIR spectrometer (MA, USA) in the range of
4000400 cm ' using the KBr pellet method. Surface mor-
phology and size of the synthesized materials were observed
using SEM JEOL JSM-6390LV system (Tokyo, Japan). The
SEM shows the morphology of the material. In this study, the
prepared sample for SEM was placed in a sample holder and
coated with gold sputtering using a double-sided tape as ad-
hesive and analyzed. The resultant signal was obtained due to
the electron beam contact with the material in the column and
was recorded at a magnification of x 10,000 (10 K). The
TGA-DTA demonstrates the thermal stability of the adsor-
bent. Stability and weight loss of the magnetic material were
determined using PerkinElmer STA 800 TGA-DTA (MA,
USA). The TGA-DTA was performed by placing 14.647 mg
of the sample in a crucible pans ceramic material.
Subsequently, the sample was inserted into the instrument
furnace and heated over a temperature range of 30 to
1000 °C at 10 °C min ! in a stream of nitrogen gas (N,).
The graph of the result was plotted as mass change (mg)
against the change in temperature and was displayed using
a “PYRIS ONE SOFTWARE” of the PerkinElmer instru-
ment. Magnetic properties were observed using Lake
Shore 7404 (USA) VSM at room temperature. The VSM
as a function of magnetic field, temperature, and time
shows its magnetic properties for easy separation from
sample matrices. In this study, each VSM sample was pre-
pared using a transparent tape. It was placed within a suit-
able placed sensing coil at room temperature (25 °C) and
allow to undergo mechanical vibration over an amplitude
of 1.5 mm. The superparamagnetic parameter of the sam-
ple was calculated by extrapolating high-field M(H) data to
M axis at H=0 value.
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Real sample preparation

The samples were prepared as described by Mahpishanian
et al. (2015) and Li et al. (2012). For brevity and clarity,
vegetable samples obtained from Sri-Pulai market, Skudai,
Johor, Malaysia, were cut into small pieces and homogenized
with a laboratory stainless steel blender. Then, 20 g of the
sample was accurately weighed into a 50-mL centrifugal tube,
and 10 mL DW and 2 mL methanol (MeOH) were added. The
mixture was vortex mixed for about 2 min and then centri-
fuged for 5 min at 4000 rpm. The resulting supernatant was
then filtered through a 0.45-mm filter paper. Finally, the mix-
ture was transferred into a 50-mL volumetric flask and diluted
to the mark with distilled water and kept at 4 °C for further
analysis. For spiked samples, a specific volume (1 ngmL™") of
standard solutions of pesticides was added to the blank vege-
table samples and then prepared as before.

Fe;0,4-SP/GO magnetic solid phase extraction

The process of MSPE parameters was optimized using one-
variable-at-a-time (OVAT). Initially, 1 ng mL™" (1 ppb) of the
OPP standards with internal standard (IS) prepared was mea-
sured into a 50-mL centrifuge tube containing 40-mL sample
volume. Then, 10 mg of the adsorbent was added into the
mixture and shaken for 5 min with the aid of an orbital shaker
at a maximum speed of 250 rpm. The adsorbed OPPs were
then separated from solution with the aid of an external mag-
net. The liquid phase was decanted and the adsorbed analytes
were eluted using 2 mL of different polar solvents (methanol,
ethanol, acetone, and acetonitrile) aided by shaking. The ad-
sorbent was separated from the extract using an external mag-
net and transferred into a 2-mL centrifuge tube. A mild stream
of N, was passed through the eluate to dryness and the resul-
tant residue was reconstituted with 1 mL methanol. Finally,
1 uL of the extracted sample was injected into the gas chro-
matography analysis with electron capture detection
(GC-uECD) instrument for analysis. Based on the highest
peak area ratio observed (peak area of OPPs/peak area IS),
acetone was chosen as the best desorption solvent. Next, the
other parameters were optimized as well using the OVAT pro-
cedure such as desorption solvent volume (0.5-5 mL), sample
volume (10-90 mL), extraction time (1-50 min), desorption
shaken time (1-10 min) (desorption shaking time is the time
needed to assist desorption of adsorbed analytes from adsor-
bent during desorption process), mass of adsorbent (5-40 mg),
and sample solution pH level (3—11).

GC conditions
Agilent 7820A (Santa Clara, CA, USA) GC-uECD was used

for the analysis and identification of the selected polar OPPs
(dimethoate, phenthoate, and phosphamidon) with

dicrotophos as internal standard (IS) in vegetable samples.
The column used was a HP-5 (5% phenyl methyl siloxane
325 °C, 30 m x 250 um x 0.25 pum). The optimum
GC-uECD conditions include helium was used as the back-
inlet carrier gas at flow rate of 2.5 mL min ' and nitrogen as
the back detector make up gas at flow rate 5 mL min'. The
temperature program was at 70-280 °C, starting at 70 °C (held
for 1 min). Ramp 1 is at 50 °C min~! to 190 °C (held for
1 min); ramp 2 is at 30 °C to 280 °C (held for 2 min). The
detector temperature was set at 300 °C and back-inlet port at
280 °C (pressure 25 psi).

Results and discussion
Characterization of Fe;0,-SP/GO magnetic adsorbent
FTIR analysis

The FTIR spectrum (see Fig. 1) provides abundant informa-
tion about the presence of functional groups in the synthesized
Fe;04, GO, SP, Fe;04-SP, and Fe;04-SP/GO materials. The
broad peak at 3404 cm ™' corresponds to —OH stretching vi-
bration in all the synthesized materials. Peaks appearing at
1725 cm ', 1712 cm !, and 1713 cm ! are attributed to the
C=0 stretching vibration of COOH group of Fe;0,4-SP/GO,
SP, and GO, respectively. Peaks at 2852 cm ™', 2820 cm ™', and
570 cm ! correspond to CH, C-H, and Fe-O vibrations, re-
spectively, present in SP and Fe;O4-SP which shows that
Fe;04 was successfully modified to Fe;04-SP. The peaks at
1573 cm™" and 1626 cm ™" correspond to C=C stretching vi-
brations present in Fe;0,4-SP/GO and Fe;Oy4-SP, respectively.
Peaks around 1216 cm ™' and 1148 cm ™' correspond to C—-O
(carboxyl) stretching vibration present in Fe;04-SP/GO and
GO. The C-0O (epoxy) stretching vibration peak around
1440 cm ' and 1451 cm™' belongs to Fe;0,4-SP and SP. —O
(alkoxy) stretching peak is around 868 cm ' for Fe;04-SP/
GO. This indicated the presence of abundant functional
groups (-OH, C=0, C-0, -0, CH,) on the surface of GO
and SP. The peak at 1633 cm ™ is attributed to —OH bending
vibration for Fe;Oy4. The adsorption bands around 570 cm !
and 556 cm™ ' correspond to Fe—O stretching mode in Fe;0,
Fe;04-SP, and Fe;04-SP/GO which shows successful modi-
fication of Fe;04, Fe304-SP, and Fe;04-SP/GO. Figure 1(c, d)
shows a gradual disappearance of the CH, and CHj3 of the SP
and in Fe;O4-SP. This noticeable change from Fig. 1(c, d)
indicated a successful modification of SP unto Fe;O,4 and
GO unto Fe;04-SP. In summary, Fe;04 has no epoxy, C=C,
and CH, functional groups, but when modified with SP gives
epoxy, C=C, and CH, peaks at 1440, 1626, and 2852 cm
respectively, indicating successful modification of Fe;0, to
Fe;04-SP. When further modified with GO, Fe;O4-SP gives
additional functional groups (C=0, C-O, and —O at 1725,
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1216, and 868 cm ', respectively) and slight disappearance of
CH, and C—H groups at 2852 and 2820 cm ' respectively.

SEM analysis

The morphology of the Fe;04-SP/GO was investigated using
SEM. In Fig. 2(a), the bare Fe;04 nanoparticles were spherical
and partially aggregated due to the existence of magnetic at-
traction. In Fig. 2(b), the sheet of the GO is noticeable. The
morphology of SP in Fig. 2(c) shows the presence of benzene
ring structure and cavities (hole). After dispersing with Fe;Oy,
Fig. 2(d) showed clearly the distribution of the Fe;0,4 in-
between the cavities of the SP, indicating that the surface
was successfully modified (incorporation of FesO4). From
Fig. 2(e), a significant change was observed when the
Fe;04-SP (depicted in Fig. 2(d)) was further modified with
GO. The GO sheets were noticeable, where it was incorporat-
ed on the surface of the SP-modified magnetite. The morphol-
ogy showed that the analytes can access both the SP and GO
functional groups for better adsorption, interaction, and ana-
lyte retention.

TGA/DTA

The TGA and DTA of the Fe;04-SP/GO were performed to
demonstrate its thermal stability and illustrated in Fig. 3. The
TGA (see Fig. 3(a)) and DTA (see Fig. 3(b)) were applied over
a temperature range from 30 to 1000 °C in N, flow at a ther-
mal rate of 10 °C min'. The thermogram shows three degra-
dation steps of Fe;0,4-SP/GO from 30 to 900 °C. The first
degradation step, 4.6% weight loss from 36 to 100 °C, is
attributed to water loss and volatile component loss adsorbed
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on the material structure in Fig. 3(a, b). At 200 °C, oxygenated
functional group loss was observed for SP and GO and at
700 °C. The loss was attributed to GO skeletal with a weight
loss of about 2.9% in Fig. 3(a) and 10.9% in Fig. 3(b) respec-
tively. The DTA curve showed a significant stability between
200 and 900 °C which shows the material is highly stable
before a collapse at 900 °C was observed.

VSM analysis

The magnetic properties of Fe;0,4, Fe;04-SP, and Fe;0,4-SP/
GO adsorbents were analyzed using VSM at room tempera-
ture. The result obtained was then plotted (magnetization
(emu/g) vs applied magnetic field (Oe)) at 300°K and magnet-
ic parameter was calculated (see Fig. 4). The magnetization
hysteresis loop curves illustrate that all the materials (Fe;Oy,
Fe304-SP, and Fe;04-SP/GO) are superparamagnetic with
magnetization saturations of 65.6 emu g ', 51.2 emu g ',
and 27.8 emu g’ respectively. A noticeable decrease in mag-
netic strength illustrated in Fig. 4(a—c) indicates successful
modification. The result showed that sufficient magnetic sep-
aration can be achieved using an external magnet with
27.8 emu g ' superparamagnetic saturation. A value of
16.3 emu g ' is reported to be sufficient for magnetic separa-
tion (Ma et al. 2005).

Selection of prepared adsorbents

The adsorption ability of Fe;0,4, Fe;04-SP, and Fe;04-SP/GO
adsorbent was compared. The magnetite shows poor adsorp-
tion efficiency toward the polar OPPs. This could be due to
less interaction between FesO,4 and the selected OPPs. When
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Fig. 2 SEM image of (a) Fe;0y,
(b) GO, (c) SP, (d) Fe304-SP, and
(e) Fe304-SP/GO
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7t-1t bonds, and functional groups (-OH, C=0) promote great
interaction with the selected OPPs. The combination of Fe;04,
SP, and GO is considered a great adsorbent as it combines the
properties of all the compounds. That is, Fe;0, promotes fast
separation of analyte from sample solution, and SP provides
more functional groups and stability. Therefore, Fe;04-SP/
GO was chosen to obtain good extraction efficiency for the
selected OPPs in selected vegetables.

Optimization of MSPE procedure

MSPE optimization parameters on the extraction of dimetho-
ate, phenthoate, and phosphamidon performance under exper-
imental conditions were investigated to obtain the best result
from the real sample analysis and assess the ability of the
Fe;04-SP/GO MSPE adsorbent. Seven parameters were opti-
mized, namely type of desorption solvent, volume of desorp-
tion solvent, sample volume, extraction time, shaking time in
desorption process, adsorbent mass, and sample pH value.
Each sample was spiked with 10 ng mL™". All experiments
were performed in triplicate and the result was plotted. The
highest peak area ratio response of the selected OPPs and IS
after analysis was considered as the optimum condition for
each parameter.

Effect of desorption solvent

Desorption solvent plays a vital role in MSPE process to en-
sure high recovery and sensitivity on method performance.
Thus, it is critical to select an appropriate desorption solvent.
For the desorption of the selected polar OPPs from the mag-
netic adsorbent, four polar solvents with decreasing polarity
order, namely methanol, ethanol, acetonitrile, and acetone
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with relative polarity of 0.76, 0.65, 0.46, and 0.36, respective-
ly, were used to elute the adsorbed analyte from the magnetic
Fe;04-SP/GO adsorbent. The highest response and best ex-
traction performance measured by ratio of OPPs peak
area/peak area of IS were achieved when acetone was used
as the desorption solvent (Fig. 5). All the solvents are polar, so
polarity did not play a significant role in the desorption pro-
cess. Acetone is the least viscous solvent compared to the
other three solvents. The response falls with an increasing
viscosity (0.32, 0.37, 0.55, and 1.10 centipoise at 20 °C for
acetone, acetonitrile, methanol, and ethanol, respectively) of
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Fig. 5 Effect of different types of desorption solvents on the desorption
efficiency of selected OPPs from vegetable samples using Fe;04-SP/GO
MSPE. Spiked OPP level, 10 ng mL™". MSPE conditions: desorption
solvent volume, 2 mL; sample volume, 40 mL; extraction time, 3 min;
desorption shaking time, 5 min; adsorbent mass, 10 mg; and sample
solution, pH 6
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the desorption solvent. The lower the viscosity of the polar
solvent, the more likely the analyte will desorb into the solvent
from the adsorbent. Thus, acetone was selected as the desorp-
tion solvent for further analysis.

Effect of desorption solvent volume

The effect of desorption solvent volume on MSPE perfor-
mance is also important to achieve good result as it determines
the maximum preconcentration factor for target analytes to
achieve good sensitivity. The aim is to determine the volume
of desorption solvent which gives the highest signal. Thus, the
effect of different acetone volumes was investigated from 0.5
to 5 mL. It was found that the peak area ratio increased when
the solvent volume was increased from 0.5 to 2 mL probably
due to the highest analyte preconcentration and subsequently
decreased after 2 mL (see Fig. 6) which could be due to lower
analyte preconcentration and re-adsorption of the analyte from
the adsorbent. The highest peak ratio of all the selected OPPs
was observed when 2 mL acetone volume was used. Hence,
2 mL acetone volume was selected for further analysis.

Effect of sample volume

Choice of a suitable optimum sample volume for MSPE per-
formance is important to obtain high enrichment factor and
recovery. Sample volume can significantly affect the recovery
values and the sensitivity of the methodology. To evaluate this
effect, different sample volumes were investigated ranging
from 10 to 90 mL. The peak area ratio of the OPPs extracted
increased when the sample volume was increased from 10 to
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Fig. 6 Effect of desorption volumes on the extraction efficiencies of the
selected OPPs from vegetable samples using Fe;04-SP/GO MSPE.
Spiked OPP level, 10 ng mL™'. MSPE conditions: type of desorption
solvent, acetone; sample volume, 40 mL; extraction time, 3 min;
desorption shaking time, 5 min; adsorbent mass, 10 mg; and sample
solution pH, 6

50 mL probably due to high enrichment factor achieved with
increasing sample volume but decreased significantly when
the sample volume was further increased to 70 mL and
90 mL (see Fig. 7). The decrease could be due to decrease in
analyte concentration from analyte breakthrough volume of
sample (breakthrough volume exceeded). Thus, 50-mL sam-
ple volume was selected as the optimum volume for further
analysis as it produced the highest peak area ratio response for
all the OPPs. The highest response was observed for
phenthoate which means that the Fe;04-SP/GO has the
highest selectivity for phenthoate which could be due to the
presence of benzene rings, thus, more 7t systems to interact
with Fe;O04-SP/GO.

Effect of extraction time

The aim of extraction time is to find an optimum time required
to achieve adsorption equilibrium. The study of the effect of
extraction time on the extraction efficiency of OPPs using
Fe;04-SP/GO MSPE was performed to achieve the highest
sensitivity and recovery. Extraction was performed in a
50-mL centrifuge tube with the aid of an orbital shaker at
maximum speed of 250 rpm. The extraction efficiency de-
pends on the mass transfer between the Fe;04-SP/GO and
analytes in the sample solution. Because mass transfer is a
time-dependent process, the effect of extraction time was var-
ied from 1- to 50-min range while other parameters were kept
constant. The sample solution was continuously agitated at
25 °C on an orbital shaker (250-rpm rate) to facilitate the mass
transfer. The highest peak area ratio was observed at the 5-min
extraction time as depicted in Fig. 8. At 10-min extraction
time, the response decreased and remained almost constant
at 30- and 50-min extraction time probably due to desorption
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Fig. 7 Effects of sample volume on the extraction efficiency of the
selected OPPs from vegetable samples using Fe;04-SP/GO MSPE.
Spiked OPP level, 10 ng mL™". MSPE conditions: desorption solvent,
acetone; desorption solvent volume, 2 mL; extraction time, 3 min;
desorption shaking time, 5 min; adsorbent mass, 10 mg; and sample
solution pH, 6
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Fig. 8 Effect of extraction time on extraction efficiency of the selected
OPPs from vegetable samples using Fe;0,-SP/GO MSPE. Spiked OPP
level, 10 ng mL™!. MSPE conditions: desorption solvent, acetone;
desorption solvent volume, 2 mL; sample volume, 50 mL; desorption
shaking time, 5 min; adsorbent mass, 10 mg; and sample solution pH, 6

of the analyte from the adsorbent. Thus, 5 min was taken as
the optimum extraction time for further analysis.

Effect of desorption shaking time

Shaking time during desorption process is another important
parameter affecting MSPE efficiency. The study of the effect
of shaking time during desorption process was performed with
the aid of an orbital shaker at 250 rpm (maximum) to enhance
the mass transfer rate of analytes. Five different desorption
shaking times from 1 to 10 min were evaluated. It was observed
that the peak area ratio increased significantly with an increase
in desorption shaking time from 1 to 3 min (see Fig. 9), but
decreased significantly when increased at 5 and 10 min. The
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Fig. 9 Effect of shaking time during desorption on extraction efficiency
of'the selected OPPs from vegetable samples using Fe;0,4-SP/GO MSPE.
Spiked OPP level, 10 ng mL™'. MSPE conditions: desorption solvent,
acetone; desorption volume, 2 mL; sample volume, 50 mL; extraction
time, 5 min; adsorbent mass, 10 mg; and sample solution pH, 6
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increase in response of analyte from 1- to 3-min shaking time is
because of the desorption of analyte from sorbent into solution.
However, the decrease in the response of analyte at 5 min is
probably due to re-adsorption of analyte onto the sorbent and
re-adsorption remains constant at 10 min. Thus, desorption
shaking time of 3 min was found to be optimum.

Effect of adsorbent dosage

The MSPE optimum adsorbent (Fe;O04-SP/GO) mass is one of
the critical conditions that can improve the recovery of the
selected OPPs from solution. The effect of the mass of the
adsorbent on the extraction of the OPPs was studied using five
different quantities ranging from 5 to 40 mg. The peak area
ratio of the extracted OPPs increased with an increased in
dosage amount up to 20 mg before stabilizing at 30 to
40 mg as illustrated in Fig. 10. The decrease in response could
be due to saturation of active sites on the adsorbent that has
been exceeded. Thus, 20-mg adsorbent mass was selected for
further analysis.

Effect of sample pH level

The sample solution pH level plays a key part during adsorp-
tion process by affecting the existing forms of the analytes,
regulating the charge species and density on the adsorbent
surface. The influence of sample pH level on the extraction
efficiency of the OPP peak area was studied within the range
of 3 to 11 (see Fig. 11). The result shows that there is a
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Fig. 10 Effects of adsorbent mass on the extraction efficiency of the
selected OPPs from vegetable samples using Fe;04-SP/GO MSPE.
Spiked OPP level, 10 ng mL™". MSPE conditions: desorption solvent,
acetone; desorption solvent volume, 2 mL; sample volume, 50 mL;
extraction time, 5 min; desorption shaking time, 3 min; and sample
solution pH, 6
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Fig. 11 Effect of sample solution pH level on extraction efficiency of the
selected OPPs in vegetable sample using Fe;04-SP/GO MSPE. Spiked
OPP level, 10 ng mL™'. MSPE conditions: desorption solvent, acetone;
desorption solvent volume, 2 mL; sample volume, 50 mL; extraction
time, 5 min; shaking time, 3 min; and adsorbent mass, 20

significant increment in signal (peak area ratio) as the pH level
rises from 3 to 7. This could be due to increase in stability of
the OPPs because OPPs are highly stable at pH levels from 4.5
to 7. However, subsequent increase in the sample pH level
decreases the peak area ratio significantly. This is because
on approaching pH 9, OPPs start to be hydrolyzed and the
higher the pH level, the faster the hydrolysis, hence the de-
crease in OPP response from pH value of 9 to 11 (Jiang et al.
2016). At pH 7, the sample solution was highly stabilized;
hence, the OPPs are highly stable and the adsorbent could
not undergo protonation or deprotonation which allowed the
OPPs to hydrogen bond with the adsorbent and to undergo
7t-7t interaction and hydrophobic interaction as well (Kamboh
et al. 2016). Extraction at a slightly acidic pH level could be
due to surface complexation through association between
acidic hydroxyl (*OH,) groups of Fe;04-SP/GO nanomaterial
and negative charge sites (Cl (in phosphamidon), S (in
phenthoate and dimethoate), and O (in all selected OPPs)).
Excessive H" at high acidic pH levels could lead to proton-
ation of hydroxyl groups in GO and SP, lowering the electron-
donating ability of N (in dimethoate and phosphamidon) and
O atoms (in all selected OPPs) (Rashidi Nodeh et al. 2017).
Thus, pH 7 was selected as the optimum pH value for subse-
quent analysis as it showed the highest signal.

Method validation

The proposed Fe;04-SP/GO MSPE method was investigated
and validated using the following optimum MSPE conditions:
acetone as desorption solvent, 2 mL acetone as desorption
solvent volume, 50 mL sample volume, 5 min as extraction
time, 3 min as desorption shaking time to aid desorption pro-
cess and mass transfer of analyte, 20 mg as mass of adsorbent
and sample solution pH 7. The parameters involved are line-
arity, limit of detection (LOD), limit of quantification (LOQ),
precision, and recovery (%R). The method validation was
chosen according to SANTE/11945/2015 guidelines of the
European Commission. Linearity values of the coefficient of
determination (R*) were calculated using the calibration graph
to determine the linear relationship between the signal (peak
area ratio of OPPs/internal standard) and the concentration of
the mixed standards. The LOD and LOQ were calculated
based on the three times signal-to-noise ratio (S/N=3) and
ten times signal-to-noise ratio (S/N = 10) respectively. The
precisions were expressed based on the %RSD for both
intra-day (n=3) and inter-day (n=9) and the percentage re-
covery (%R) was calculated based on Eq. (1):

_ Recovered analyte conc.—Unspiked sample analyte conc.

R = 100
% Conc.of spiked sample x %

(1)

Matrix match calibration

Matrix match calibration was applied due to the expected com-
plex nature of the vegetable samples and the presence of matrix
interference since these samples contain pigments, fatty acids,
carotenoids, and sugars. Matrix match calibration plot using
vegetable samples was constructed for each OPP for a concen-
tration range from 0.1 to 500 ng mL™" for phosphamidon,
dimethoate, and phenthoate. Good linearity was obtained for
all the three selected OPPs using the magnetic Fe;04-SP/GO
MSPE method with good coefficient of determination (Rz) of
0.9994, 0.9996, and 0.9997 for dimethoate, phosphamidon,
and phenthoate, respectively. The LODs were calculated as
0.05, 0.04, and 0.02 ng mL! (3 x S/N, n=3) whereas the
LOQs calculated were 0.17, 0.13, and 0.10 ng mL ™! based
on 10 x S/N ratios (n=10) for phosphamidon, dimethoate,
and phenthoate, respectively (see Table 1).

Table 1 Numerical figures of

merits for matrix-matched Analyte R? Linearity (ng mLfl) LOD (ng mLfl) LOQ (ng mLfl)
calibration
Phosphamidon 0.9996 0.1-500 0.05 0.17
Dimethoate 0.9994 0.1-500 0.04 0.13
Phenthoate 0.9997 0.1-500 0.02 0.10

@ Springer



35140 Environ Sci Pollut Res (2018) 25:35130-35142
solvent
HZ
2400 - 1 2 3
2200 4 } IS |
20004 @& K,\’J L ‘ Spiked
1800 - L A A
1600 1s
1400 A !r(\
12004 b \
1000 - J L TUnspiked
— . e | A s
800 - solvent
600 - | £
400
zoo4 A | Blank
o 1 2 2 A = e 7 2

tr [Min)

Fig. 12 Chromatogram of (a) blank tomato sample, (b) unspiked tomato
sample, and (c) spiked OPP tomato sample (10 ng mL™") extracted using
Fe;04-SP/GO MSPE. MSPE conditions: acetone as desorption solvent,
2 mL as desorption solvent volume, 50 mL sample volume, 5 min
extraction time, 3 min desorption shaking time, 20 mg adsorbent mass,
and sample solution pH 7. GC conditions: flow rate (2.5 mL min™'

Real sample analysis

The applicability of the proposed Fe;04-SP/GO MSPE meth-
od was used for the determination of selected polar OPPs in
several vegetable sample matrices obtained from Sri-Pulai
Perdana market Skudai, Johor Bahru, Malaysia. Prior to real
sample analysis, the accuracy of the method was investigated
by spiking OPP standards at level 1 and 50 ng mL ™" into the
vegetable samples, namely 4 bell peppers, 3 cucumbers, 6
green long beans, and 5 reddish tomatoes. Each sample was
analyzed three times using the GC-pECD (see Fig. 12). Good
recoveries of the method were observed in the range of

helium and 5 mL min~' N,), pressure (25 psi). Temperature program:
start 70 °C held for 1 min, ramp 1 (50 °C min™"' to 190 °C held for
1 min), ramp 2 (30 °C min~" to 280 °C, held for 2 min), and pECD at
300 °C. Peak identification: 1. Phosphamidon (4.35 min), 2. Dimethoate
(5.68 min), 3. Phenthoate (6.01 min) and IS (internal standard)

81.0 to 120% (n =3) with repeatability, %RSD (n=3) of
1.4 to 7.8% and reproducibility, %RSD (n=9) ranging
from 3.7 to 8.1%. Poorer recoveries were obtained for to-
mato samples probably due to matrix interference such as
carotenoid (lycopene) as is the major component of about
80% in tomato. From this study, the amount of OPPs in all
vegetables was not detected by the instrument.
Quantitative recoveries of OPPs were obtained with good
repeatability and reproducibility which shows the method
is applicable and reliable to real sample analysis. Table 2
summarized the precision recoveries achieved using the
developed Fe;04-SP/GO MSPE method.

Table2  Recoveries of OPPs from selected vegetable samples using developed Fe;04-SP/GO MSPE with GC-uECD method (7 = 3)

OPPs Spiked level  Bell pepper Cucumber Long beans Tomato
n=23 (ng mL ™) Found % R Found % R Found % R Found % R
(mgmL™")  (RSD) (mgmL™") (RSD) (mgmL™")  (RSD) (mgmL™") (RSD)
Phosphamidon 0 ND - ND - ND - ND -
0.98 98.0 (2.1) 0.96 96.0 (3.4) 1.2 120 (2.6) 0.81 81.0 (3.2)
50 52.2 100.4 (1.8) 499 99.8 (3.2) 49.0 98 (3.0) 475 95.0 (4.0)
Dimethoate 0 ND - ND - ND - ND -
0.99 99.0 (6.1) 0.97 97.0 (7.8) 1.1 101.0 (5.3) 091 91.0 4.3)
50 49 99 (5.2) 50.3 100.6 (6.2)  52.0 104.0 (3.8) 48.0 86.0 (4.9)
Phenthoate 0 ND - ND - ND - ND -
1.2 1200 (1.4) 098 98.0 (2.8) 1 100.0 (2.5) 0.88 88.0 (1.9)
50 51.1 102.0 (1.0)  50.8 101.6 (2.3) 498 99.6 (3.1) 44.6 89.2 (2.0)

ND not detected

__ Recovered analyte conc.—unspiked sample analyte conc. 0
TR = Conc. of spiked analyte x 100%
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Table 3  Comparison of Fe;04-SP/GO MSPE for polar OPPs with other reported literature results based on recoveries and the LODs attained
Adsorbent LODs Recovery (%)  Matrix Method  Detector Reference

Fe;04-SP/GO 0.02ng mL™"  81.0-102 Vegetables MSPE ~ GC-uECD  This study
Fe;0,@Si0,@GO-PEA 0.02 ug L' 94.6-104.2 Water & vegetables MSPE GC-NPD Mahpishanian et al. 2015
3D-G-Fe;04 12ng L7 86.6-107.5 Vegetables MSPE  GC-NPD Mahpishanian and Sereshti 2016
Fe;0,@G-TEOS-MTMOS 1.4 pg mL™ 83-105 Water MSPE  GC-ECD Rashidi Nodeh et al. 2017
Fe;0,@PEA@GO 0.028 ng mL~ 81.3-104.6 Water & vegetables MSPE HPLC-UV  Wuetal. 2011
Fe;04-NH, @ GO 13.7 pg mL™' 85-101 Water MSPE uv Xu et al. 2015
PDMS-TEOS 0.06 ngmL™"  70-85 Vegetables SBSE GC-TSD Guan et al. 2010
PDMS-20HMel8C16 45ng g’ 65-125 Fruits SPME GC-ECD Wan Ibrahim et al. 2010
C-G/Fe;04 5.0 ng L! >70 Water SPME HPLC-UV  Jabbari et al. 2016
GCB/PSA/Fe;0,4 13ngg’ 70.3-114.1 Vegetables DSPE GC-MS Zheng et al. 2013
Molecular imprinted polymer ~ 0.83 pg L™ 89.7-99.7 Fruits SPE GC-MS Sanagi et al. 2013

Fe;0,-SP/GO magnetite-sporopollenin/graphene oxide, Fe;0,@SiO,@ GO-PEA magnetite core-shell graphene oxide anchored grafted phenylethyl-
amine, 3D-G-Fe;0, 3D-graphene-magnetite, Fe;0,@G-TEOS-MTMOS magnetite graphene-based tetracthoxysilane-methyltrimethoxysilane,
Fe;0,@PEA@GO magnetite phenylethylamine graphene oxide core shell, Fe;0,-NH,@GO magnetite-amino graphene oxide, PDMS-TEOS
phenyldimethylsiloxane-tetracthoxysilane, PDMS-20HMel8C16 polydimethylsiloxane-2-hroxymethyl-18-crown-6, C-G/Fe;0, carbon-graphene/

magnetite, GCB/PSA/Fe;0, graphitized carbon black/primary secondary amine/magnetite

Comparison of Fe;0,-SP/GO MSPE with other
methods

The results obtained were compared to those of some reported
works (Table 3). The result shows that the MSPE method has
considerably low LODs than SPME (Wan Ibrahim et al. 2010;
Jabbari et al. 2016), DSPE (Zheng et al. 2013), and SPE
(Sanagi et al. 2013; Wan Ibrahim et al. 2012). In this work,
result showed that the Fe;04-SP/GO MSPE developed for
OPP analysis using vegetable samples is suitable when com-
pared with recent works in the literature (Mahpishanian et al.
2015; Rashidi Nodeh et al. 2017; Wan Ibrahim et al. 2012; Wu
et al. 2011). The new adsorbent showed high affinity to-
ward OPPs probably due to good interaction with the
OPPs. The LOD is well below OPP permissible limit (0.1
to 0.5 ng mL ") established (EPA 2003). Thus, analysis
can be done based on the EPA method. The performance
of the developed Fe;04-SP/GO MSPE method in terms of the
recoveries in vegetable samples is satisfactory when compared
with most works in the literature (Mahpishanian and Sereshti
2016; Mahpishanian et al. 2015; Wu et al. 2011; Guan et al.
2008; Zheng et al. 2013).

Conclusion

Investigation in this work proved successful application of
Fe;04-SP/GO MSPE for determination of selected polar
OPPs in vegetable samples. The prepared adsorbent showed
high potential as MSPE sorbent for the selected polar OPPs
analysis in selected vegetables (green bell pepper, cucumber,
green long beans, and orange tomato). Good accuracy and

precision of OPPs analysis from vegetables were obtained
using the new Fe304-SP/GO MSPE GC-uECD method de-
veloped. The LOD and LOQ obtained allowed the method to
be used for real sample analysis based on the Environmental
Protection Agency (EPA) method. Thus, this work offers sev-
eral benefits for analytical analysis as it provides a simple,
cheap, efficient, sensitive, fast, easy, and environmental
friendly method for extraction of polar OPPs from vegetable
complex sample matrix.
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