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Abstract A selective and sensitive magnetic dispersive solid-
phase microextraction (MDSPME) coupled with gas
chromatography-mass spectrometry was developed for ex-
traction and determination of organophosphorus pesticides
(Sevin, Fenitrothion, Malathion, Parathion, and Diazinon) in
fruit juice and real water samples. Zero valent Fe-reduced
graphene oxide quantum dots (rGOQDs@ Fe) as a new and
effective sorbent were prepared and applied for extraction of
organophosphorus pesticides using MDSPME method. In or-
der to study the performance of this new sorbent, the ability of
rGOQDs@ Fe was compared with graphene oxide and mag-
netic graphene oxide nanocomposite by recovery experiments
of the organophosphorus pesticides. Several affecting param-
eters in the microextraction procedure, including pH of donor
phase, donor phase volume, stirring rate, extraction time, and
desorption conditions such as the type and volume of solvents
and desorption time were thoroughly investigated and opti-
mized. Under the optimal conditions, the method showed a
wide linear dynamic range with R-square between 0.9959 and
0.9991. The limit of detections, the intraday and interday rel-
ative standard deviations (n = 5) were less than 0.07 ngmL–1,
4.7, and 8.6%, respectively. The method was successfully ap-
plied for extraction and determination of organophosphorus

pesticides in real water samples (well, river and tap water) and
fruit juice samples (apple and grape juice). The obtained rel-
ative recoveries were in the range of 82.9%–113.2% with
RSD percentages of less than 5.8% for all the real samples.

Keywords Zero valent Fe-reduced graphene oxide quantum
dots . Organophosphorus pesticides .Magnetic dispersive
solid-phasemicroextraction . Gas chromatography-mass
spectrometry

Introduction

Organophosphorus pesticides (OPPs) compounds are widely
used in agriculture to control pest insects by acting on the
acetylcholinesterase enzyme. These compounds can affect
the nervous system in insects, humans, and many other
animals by irreversible inactivation of acetylcholinesterase
enzyme [1, 2]. Therefore, these pesticides can lead to an
acute cholinergic syndrome in human, increasing the
acetylcholine neurotransmitter. Long-term exposure of
humans to these compounds causes lower performance on
standardized neuropsychological tests and neuropsychiatric
symptoms reports [3]. Many pesticides may also leave resi-
dues in agricultural products for a long time, causing potential
health risks in human and animal consumers [4]. Due to high
consumption of these compounds in agriculture and their wa-
ter solubility, they enter into the environment and lead to con-
tamination of the environment and water sources. Therefore,
techniques to determine these compounds with high sensitiv-
ity are essential because they are present in water and envi-
ronmental samples at trace amounts [5, 6]. Moreover, due to
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matrix interferences in real samples, a sample preparation step
is required prior to subsequent steps in the analytical process-
es. Microextraction methods are widely applied for sample
preparation in real sample because analytes are concentrated
and separated from the matrix of real samples in one step by
these techniques [7].

Magnetic dispersive solid-phase microextraction
(MDSPME) has recently attracted a great deal of attention as
a new sample preparation technique [8–11]. In this procedure,
magnetic SPME sorbents are ultrasonically dispersed into the
sample solution and a cloudy suspension is formed, which pro-
vides a fast and efficient approach to extract and enrich the
target analytes. After the extraction, the sorbent can be conve-
niently separated from the aqueous samples by a strong external
magnet and the extracted analyte is then desorbed and analyzed
using GC-MS. The method was widely used to extract a variety
of analytes in real samples, including biological, food, real wa-
ter, and etc. because this method has many advantages such as
simplicity, low consumption of toxic organic solvents and
SPME adsorbent, high preconcentration factor, and low extrac-
tion time. It also reduces the effects of interfering species in the
sample matrix by extraction of analytes from the sample solu-
tion and therefore greatly affects the quality of analysis. One of
the major problems to determine organophosphorus pesticides,
especially at low concentrations in real samples, is the matrix
effect [12–14]. Therefore, MDSPME was used to decrease
these effects in the analysis of organophosphorus pesticides.
The goal of MDSPME is to separate organophosphorus pesti-
cides and preconcentrate from the real sample in one step. Thus,
the choice of a sorbent in this procedure is the most important
factor for extracting the analyte with high selectivity and
preconcentration factor. Due to the unique features of
nanomaterials such as large surface area and unique physical
and suitable chemical properties, the use of these materials as
SPME sorbent has greatly increased [15, 16].

Graphene and graphene oxide as unique sorbents have
found wide application for extraction or removal of organic
pollutants. Due to special structure, graphene oxide has vari-
ous superior properties, including excellent thermal conduc-
tivity, mechanical properties, specific magnetism, and large
surface area [17, 18]. The aim of this study is to develop a
magnetic dispersive solid-phase microextraction coupled with
GC-MS for preconcentration and determination of five organ-
ophosphorus pesticides (sevin, fenitrothion, malathion, para-
thion, and diazinon) in real water samples. Zero valent Fe-
reduced graphene oxide quantum dots were prepared as a
new and efficient SPME sorbent and used to extract organo-
phosphorus pesticides. This microextraction procedure has
several advantages, such as simplicity, rapidity, solvent-free,
and cost effective. The analytical performance of the proposed
method was compared with other microextraction techniques
and demonstrated the suitability of the proposed method to
analyze the target compounds in real water samples.

Experimental

Chemicals and materials

Organophosphorus pesticides (sevin, fenitrothion, mala-
thion, parathion, and diazinon) as pure compounds were
purchased from National Institute of Metrology (Beijing,
China). Potassium permanganate, sulfuric acid, graphite
powder (purity 99%, mesh 325), sodium nitrate, hydrogen
peroxide, hydrochloric acid, and other chemicals were
used to synthesise the zero valent Fe- reduced graphene
oxide quantum dots and were obtained from Merck
(Darmstadt, Germany).

Apparatus

The analysis of organophosphorus pesticides were per-
formed by Shimadzu GCMS-QP2010/PLUS system
(Shimadzu, Kyoto, Japan), operated at 70 eV electron im-
pact. Helium carrier gas was maintained at a constant flow
of 1.04 mL min−1. A fused silica capillary column RTX-
5MS Shimadzu (30 m × 0.25 mm i.d., 0.25 μm film
thickness) was used. The GC temperature was pro-
grammed as follows: start temperature 60 °C (hold for 1
min), increased to 180 °C at 20 °C min −1 and held for
5 min and finally to 250 °C at 20 °C min −1 and held for 9
min. The temperature of the interface and the ion source
was at 230 °C. The retention time and the fragment ions
were identified by injecting the multi-compound standard
in full-scan mode (m/z 46–500). The retention time and
selected ions for each OPPs is presented in Electronic
Supplementary Material (ESM) Table S1.

Synthesized of zero valent Fe-reduced graphene oxide
quantum dots

Graphene nanosheets were prepared by synthesis of
graphene oxide and reduced to graphene with NaBH4
[17, 19]. In a typical procedure, a mixture of graphite
flakes (0.5 g) and NaNO3 (0.5 g) was cooled to 0 °C in
an ice bath followed by dropwise addition of 23 mL of
concentrated H2SO4; 3.0 g of KMnO4 was gradually
added to the mixture and the temperature of the suspen-
sion was kept below 20 oC. The suspension was ultrason-
ically treated for 20 min at room temperature and diluted
with 40 mL of deionized water. In order to remove any
excess of KMnO4, a mixture of 3 mL H2O2 (30%) and
100 mL deionized water was then added drop-wise to the
suspension until the color of the suspension changed from
dark brown to yellow. The resulting product was washed
several times with 5% HCl aqueous solution and distilled
water to remove any metal ion impurities, sulfate ions,
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and excess of acid, respectively. After filtration, graphene
oxide was dried under vacuum at 80 oC for 24 h.

Hydrothermal cutting method was used to synthesize
graphene oxide quantum dots (GOQDs) [20]. One hundred
mL of dimethylformamide (DMF) was added to graphene
oxide (0.5 g) and ultrasonically treated for 2 h. The resulting
mixture was transferred into an autoclave and heated at 250 oC
for 8 h. After treating, the resulting mixture was filtered
through a nylon membrane (0.2 μm) and heated to vaporize
the excesses of DMF.

In order to prepare zero valent Fe- reduced graphene
oxide quantum dots (rGOQDs@ Fe), 0.5 g of GOQDs in
150 mL distilled water was ultrasonically dispersed for 1 h.
A solution containing 0.8 g of FeCl3 in 20 mL of deionized
water was added drop-wise to GOQDs under nitrogen gas
and was ultrasonically treated for 1 h at room temperature.
The mixture was heated up to 90 oC, and 40 mL of NaBH4

solution (8.5 % w/v) was added drop-wise until the color of
the suspension changed from dark brown to black. The
mixture was treated for another 4 h at 90 oC, under stirring.
In order to remove any oxygen gas from the solution, the
overall procedure was performed under constant bubbling
of nitrogen gas. The resulting product was filtered, and
washed with deionized water and ethanol several times,
respectively. Zero valent Fe-reduced graphene oxide quan-
tum dots (rGOQDs@ Fe) were finally dried in vacuum at
80 oC for 48 h [19]. SEM images of magnetic graphene
oxide (MGO) and rGOQDs@ Fe and FTIR spectra for
rGOQDs@ Fe, MGO, and GO are shown in Figs. 1 and
2, respectively. According to Fig. 1, the particle size of
rGOQDs@ Fe is much smaller and their dispersion is
much more uniform than MGO.

Magnetic dispersive solid-phase microextraction

In order to carry out the extractions procedure, 10.0 mL
each of five 15 ng mL–1 OPPs standard solutions were
placed in a 20 mL conical test tube. The pH of the solu-
tions was adjusted at 7.0 by adding sodium dihydrogen
phosphate/ disodium hydrogen phosphate buffer; 15 mg
of rGOQDs@ Fe as sorbent was then added and ultrason-
ically treated for 5 min. The SPME sorbent was dispersed
to fine particles and a cloudy mixture of sorbent was
formed in the bulk of aqueous sample. After extraction
of analyte, the sorbent was rapidly separated from the
solution under a strong external magnetic field and the
supernatant solution was discarded. The adsorbed analytes
onto the sorbents were eluted with 0.4 mL of acetone
under sonication for 3.5 min and then 10 μL of the su-
pernatant acetone phase was injected through a split ratio
five injector into the GC-MS system to analyze the five
OPPs.

Results and discussion

Optimization of the MDSPME procedure

In order to obtain maximal extraction efficiency, several fac-
tors affecting the extraction and desorption steps, such as
amount of sorbent, volume of donor phase, pH, extraction
time, desorption time, and the type of desorption solvent were
selected and optimized. Each experiment was repeated three
times and the mean peak area was applied as the response.

Fig. 1 SEM images of MGO (a)
and rGOQDs@ Fe (b)
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Fig. 2 FTIR spectra for GO (a),
M-GO (b), and rGOQDs@ Fe (c)
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Amount of sorbent

It is essential that the analyte must be interacted with sorbent
surface in order to be extracted from the sample solution.
Therefore, the extraction efficiency increases with increase
in the amount of sorbent and number of active positions on
its surface. However, the extraction efficiency becomes ap-
proximately constant with further increase of sorbent amount
because the extraction procedure is an equilibrium process for
distributed analyte between the liquid and solid phase (sample
solution and sorbent surface) [21]. The amount of analyte
extracted onto the sorbent is directly related to the sorbent
volume, distribution coefficiency between SPME sorbent
and sample solution, and concentration of the analyte in the
sample matrix [21, 22]. Therefore, the effect of sorbent
amount on the extraction efficiency was investigated in the
range of 10–30 mg at constant experimental conditions. As
shown in Fig. 3, the extraction efficiency was increased with
the amount of sorbent up to 15 mg and remained nearly con-
stant afterwards. According to the above results, 15 mg of
sorbent was selected for subsequent experiments.

pH of sample solution

A factor that plays an important role for adsorption of the
analytes onto the sorbents is the pH of the sample solution. A
suitable interaction between the analyte and sorbent is created to
adsorb the analyte when the polarity of functional groups on the
sorbent surface and analyte is the same, and this polarity can be
controlled by adjusting the pH of the sample solution. In order to
achieve the best interaction between the analyte and sorbent, the
effect of pH on the extraction efficiency of OPPs was investigat-
ed. For this propose, the pH of solutions was varied in the range
of 4.0–9.0 using suitable buffer solutions, and the extracted pro-
cess was performed for about 8 min. The results show that the
peak areas were dramatically increased in the pH range of 4 –7
and decreased at higher pH (Fig. 4). It seems that at pH 7.0, the
functional groups on the organophosphates and sorbent mainly
exist as neutral groups and a strong interaction occurs between

them. Therefore, the extraction efficiency of OPPs is highest at
pH7.0 and was chosen for further studies.

Donor phase volume

An important parameter in microextraction methods is
preconcentration factor defined as the ratio of donor phase
volume to desorption solvent volume. Therefore, the
preconcentration factor has a direct and inverse relationship
with the donor phase volume and desorption solvent volume,
respectively. Owing to probable decrease of interaction be-
tween the analyte and sorbent surface using large volumes of
sample solution, the preconcentration factor and extraction
efficiency are reduced. Thus, the effect of sample volume
was studied in the range 5.0–15.0 mL (Fig. 5). The results
show that the peak areas increased for up to 10.0 mL of sam-
ple solution and levelled off at higher volumes. Thus, a sample
volume of 10.0 mL was selected for further studies.

Extraction time

Microextraction is an equilibrium- and time-dependent pro-
cess. During the microextraction procedure, the analyte is
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Fig. 3 Effect of amount of sorbent in extraction of OPPs
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distributed between the two phases, the donor phase and
SPME sorbent, to reach equilibrium [23]. Therefore, it is nec-
essary to select an extraction time during which the analyte
reaches its equilibrium between the two phases for an appro-
priate extraction efficiency. The effect of extraction time was
investigated in the range of 2–10min at constant experimental
conditions. According to ESM Fig. S1, an extraction time of
5 min was selected to obtain high extraction efficiency.

Effect of desorption condition

Desorption conditions are important factors in extraction pro-
cedure because the adsorbed analyte should be desorbed ul-
trasonically from the surface of SPME sorbent prior to
injecting into the GC/MS. Therefore, the type and volume of
desorption solvent and desorption time have great influence
on the extraction efficiency and should be optimized. Several
organic solvents (methanol, acetonitrile, acetone, and dichlo-
romethane) were selected and studied as desorption solvents
for desorbing the OPPs. The results show acetone gave the
highest desorption efficiency and was chosen as the desorp-
tion solvent (ESM Fig. S2). The effect of volume of desorp-
tion solvent on the extraction efficiency was studied in the
range of 0.3–2.0 mL, and 0.4 mL acetone was used as the
optimum value in all subsequent experiments. Desorption
time was also investigated in the range of 2–5 min. The results
indicate that the highest extraction efficiency was obtained at
3.5 min for all analytes. It is logical that peak areas are reduced
because desorption equilibrium could not be completed at a
shorter times and the desorbed analytes are diffused to the
pores of hollow fiber for longer times [24].

According to the results, the optimal experimental conditions
are: pH 7.0; donor phase volume, 10.0 (mL); extraction time,5
min; desorption time, 3.5 min; sorbent amount, 15 mg; acceptor
phase volume, 0.4 mL; type of acceptor phase, acetone.

Comparison of the MD-SPME efficiency of the SPME
sorbent

In order to investigate the ability of new sorbent in the
extraction of OPPs, magnetic graphene oxide (M-GO)
and graphene oxide (GO) were prepared according to pre-
vious articles and used as sorbents [25, 26]. The results are
shown in Table 1 and indicate that the new sorbent com-
pared with two other sorbents was quite effective for ex-
traction of OPPs. Owing to nonpolar structure and small
numbers of polar functional groups in these analytes, es-
pecially for malathion, the extraction efficiency was in-
creased by decreasing and removing polar function groups
such as carboxyl, ether, and hydroxyl groups on the sor-
bent surface. Therefore, rGOQDs@ Fe as a sorbent
showed the highest extraction efficiency because the num-
ber of polar function groups in its surface are few. The
FTIR spectra of sorbents show that the number of polar
function groups on the surface of rGOQDs@ Fe and M-
GO were low and high, respectively (Fig. 2). The
stretching vibrations of the hydroxyl group located at
3365, 3121, and 3419 for GO and M-GO shifted to shorter
wave numbers for rGOQDs@ Fe. In addition, the reduc-
tion in the peak width and its intensity in rGOQDs@ Fe
indicate that the strength of hydrogen bonds has declined.
Moreover, the presence of the stretching vibrations of

Table 1 Effect of SPME sorbents on the extraction recovery percentage of OPPs (n = 3)

SPME
sorbent

Analytes Sevin Fenitrothion Malathion Parathion Diazinon

Concentration
(ng mL-1)

5 40 5 40 5 40 5 40 5 40

MGOa Found ( ng mL-1) 3.7±0.5 30.5±1.2 3.9±0.7 31.96±1.4 3.98
±0.49

32.3±1.2 3.92
±0.42

31.2±1.5 3.8±0.5 31.04±1.3

Recovery
percentage

74.8 76.3 78.6 79.9 79.6 80.7 78.4 78.1 76.8 77.6

GOb Found
( ng mL-1)

4.18
±0.49

34.2±1.2 4.31
±0.52

34.6±1.1 4.2±0.4 34.1±1.3 42.9±0.5 34.5±1.1 4.3±0.5 34.4±1.2

Recovery
percentage

83.6 85.4 86.2 86.4 84.8 85.2 85.8 86.3 86.8 86.1

rGOQDs@Fec Found ( ng mL-1) 4.67
±0.29

37.6
±0.96

4.59
±0.26

37.21
±0.91

4.72
±0.21

37.9
±0.87

4.57
±0.27

36.72
±0.93

4.62
±0.29

37.42
±0.95

Recovery
percentage

93.4 94.0 91.8 93.0 94.4 94.8 91.4 91.8 92.4 93.6

aMagnetic graphene oxide
bGraphene oxide
c Zero valent Fe- reduced graphene oxide quantum dots
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C=O at 1722 and 1717 cm–1 for GO and M-GO were
absent in the FTIR spectrum of rGOQDs@ Fe.
Therefore, the analyte extraction efficiency is increased
by reduction of strength of hydrogen bond for hydroxyl
groups and removal of carbonyl groups in the rGOQDs@
Fe surface.

Method validation

The performance of the proposed method for determina-
tion of OPPs was evaluated under the optimum conditions
by several important parameters such as the linear range,
relative standard deviation (RSD), limit of detection

Table 2 Linearity, repeatability,
detection limits, and
preconcentration factor of the
proposed analytical procedure

Analytes Linear dynamic
range (ngmL–1)

R2 %RSD(n=5) LOD
(ngmL–
1)

LOQ
(ngmL–
1)

Preconcentration
factor

Intraday Interday

Sevin 0.14-540 0.9974 4.7 7.5 0.05 0.14 147

Fenitronthion 0.18-590 0.9986 4.1 7.9 0.06 0.18 141

Malathion 0.11-500 0.9991 3.9 7.2 0.04 0.11 217

Parathion 0.21-610 0.9964 4.3 8.6 0.07 0.21 112

Diazinon 0.19-520 0.9959 4.6 8.0 0.07 0.19 133

Table 3 Assay of OPPs in spiked real water and fruit juice samples (n =3)

Samples Spiked value ( ng mL–1) Sevin Fenitronthion Malathion Parathion Diazinon

Well water 0 Found( ng mL-1) ND ND ND ND ND
Recovery (%) ---- ---- ---- ---- ----

20 Found ( ng mL-1) 17.74±0.83 17.27±0.87 17.88±0.75 17.14±0.89 16.87±0.82
Recovery (%) 88.7 86.4 89.4 85.7 84.4

50 Found ( ng mL-1) 44.65±1.63 44.85±1.69 45.15±1.57 44.20±1.59 43.05±1.65
Recovery (%) 89.3 89.7 90.3 88.4 86.1

Tap water 0 Found ( ng mL-1) ND ND ND ND ND
Recovery (%) ---- ---- ---- ---- ----

20 Found ( ng mL-1) 17.56±0.81 17.17±0.84 17.74±0.73 17.25±0.85 17.14±0.83
Recovery (%) 87.8 85.8 88.7 86.2 85.7

50 Found ( ng mL-1) 44.30±1.69 56.62±1.73 44.65±1.64 43.52±1.66 43.62±1.73
Recovery (%) 88.6 113.2 89.3 87.1 87.2

River water 1 0 Found ( ng mL-1) ND ND 6.4±0.34 ND ND
Recovery (%) ---- ---- ---- ---- ----

20 Found ( ng mL-1) 17.29±0.87 17.46±0.89 24.08±0.75 17.23±0.89 17.15±0.82
Recovery (%) 86.4 87.3 88.4 86.2 85.8

50
0

Found ( ng mL-1) 44.25±1.64 44.45±1.67 50.94±1.57 44.11±1.61 43.36±1.63
Recovery (%) 88.5 88.9 89.1 88.2 86.7

River water 2 0 Found ( ng mL-1) ND ND 0.7±0.04 ND ND
Recovery (%) ---- ---- ---- ---- ----

20 Found ( ng mL-1) 17.22±0.89 17.53±0.89 18.52±0.75 17.28±0.87 17.14±0.85
Recovery (%) 86.1 87.6 89.1 86.4 85.7

50 Found( ng mL-1) 44.35±1.62 44.41±1.68 45.55±1.57 44.22±1.60 43.32±1.61
Recovery (%) 88.7 88.8 89.7 88.4 86.6

Apple juice 0 Found ( ng mL-1) ND ND ND ND ND
Recovery (%) ---- ---- ---- ---- ----

20 Found ( ng mL-1) 17.08±0.88 16.64±0.91 17.35±0.79 16.91±0.92 17.14±0.89
Recovery (%) 85.4 83.2 86.8 84.6 83.9

50 Found( ng mL-1) 43.15±1.71 42.20±1.76 44.05±1.70 44.1±1.73 43.45±1.81
Recovery (%) 86.3 84.4 88.1 88.2 86.9

Grape juice 0 Found ( ng mL-1) ND ND ND ND ND
Recovery (%) ---- ---- ---- ---- ----

20 Found ( ng mL-1) 16.94±0.89 16.96±0.98 17.46±0.83 16.58±0.94 16.87±0.91
Recovery (%) 84.7 84.8 87.3 82.9 84.4

50 Found( ng mL-1) 43.25±1.74 43.61±1.79 44.35±1.71 42.57±1.77 43.41±1.80
Recovery (%) 86.5 87.2 88.7 85.1 86.8

ND: not detection

Collected river water samples in April (1) and May (2) 2017
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(LOD), and enrichment factor. The results obtained are
summarized in Table 2. LOD was the lowest analyte con-
centration that could be detected and was calculated as the
ratio of three times standard deviation of blank readings to
the slope of the calibration curve after preconcentration.
The limit of quantitation (LOQ) was the level above
which quantitative results may be obtained with a speci-
fied degree of confidence [27]. LOQ of the assay was
evaluated as the concentration for which S/N was equal
to 10. The LODs and LOQs were less than 0.07 and 0.21
ngmL-1 for all analytes, respectively. The results also in-
dicated that the lowest and the highest LODs and LOQs
were related to malathion and parathion, respectively. The
proposed method showed a wide linear dynamic range for
analysis of OPPs with R-square greater than 0.9959. Intra-
day precision of the method was evaluated for five repli-
cate experiments for the spiked samples at 10 ng mL–1 of
each analyte on the same day. Inter-day precision of the
method was tested for 3 d at the same concentration levels
(10 ng mL–1of each analyte). The relative standard devi-
ations (%RSD) of intraday precision and interday preci-
sion are less than 4.7% and 8.6% for all the analytes,
respectively, and show good reproducibility and precision
for the proposed method (Table 2). The preconcentration
factor (PF) was calculated as the ratio of the analyte con-
centration in acetone as acceptor phase and aqueous sam-
ple. According to Table 2, the preconcentration factor was
more than 112 for extraction of OPPs. Comparing the
results for the analysis of these compounds show that
the proposed method has the lowest relative standard

deviations and LODs, and highest preconcentration factor
for malathion.

Real samples analysis

The described method was employed to analyze five OPPs in
three kinds of real water samples (well, river, and tap water)
and two kinds of fruit juice samples (apple and grape). The tap
and well water samples were obtained from the outskirts of
Mashhad (Iran). Primary and secondary river water samples
were collected fromGolestan River (Torghabeh, Iran) in April
(1 wk after spraying) and May 2017, respectively. The real
fruit juice samples (Sunich brand, Alifard Co.) were pur-
chased from a supermarket in Mashhad (Iran). All real sam-
ples were spiked with 20 and 50 ng mL−1 of OPPs and cen-
trifuged at 6000 rpm for 5 min and then filtrated through a
0.45 mm filter membrane to remove all solid impurities in the
samples prior to extraction and analysis. Each sample was
analyzed in triplicate and the results are presented in
Table 3. The results indicate that none of OPPs were detect-
able by the proposed method in all the real samples, except for
malathion in the river samples. The amount of malathion was
more than the allowed limit in the primary river water sample
but its concentration decreased dramatically in the secondary
river water sample. This may be due to seasonal and daily
rainfall, the high consumption of malathion, and its consum-
ing time [28]. In all cases, the obtained relative recoveries are
between 82.9% and 113.2% with RSD percentages of less
than 5.8%. According to the results in Table 3, all the analytes
can be quantitatively recovered from the real samples by the

Fig. 6 Chromatogram of a
spiked well water samples at
20 ng mL1– for determination of
OPPs under optimum conditions.
(1. sevin, 2. diazinon, 3.
fenitrothion, 4. malathion, 5.
parathion)
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proposed method, showing the ability of the method to extract
and determine OPPs in real water and fruit juice samples. A
representative chromatogram of spiked well water samples at
the outskirts of Mashhad (Iran) is shown in Fig. 6.

Comparison to other determination methods

Preconcentration and determination of OPPs by the proposed
method was compared with previous methods and the results
are summarized in Table 4. The investigation revealed that no
studies for simultaneous microextraction and determination of
these analytes have been carried out so far. The present tech-
nique provides wide linear dynamic range and suitable detec-
tion limits in comparison with other methods. Moreover, ex-
traction and desorption time for preconcentration of OPPs
with this method is less than with the other methods (data is
not in Table 4). The results show that LODs for the analyte
determination is lower than in the previous works except for
fenitronthion and diazinon by using air-assisted liquid–liquid
microextraction/ GC-FPD [32] and for diazinon by using solid
phase microextraction method/GC-Ms [12]. The linear dy-
namic range of more than two orders was also obtained by
the proposed method, which is equal to or greater than by the
other methods. Other advantages of the proposedmethod over
the previousmethods are relatively high enrichment factor and
low sorbent consumption. However, one disadvantage of the
method is higher relative standard deviations compared with
most previous approaches, particularly solid-phase extraction
coupled to GC methods (Table 4).

Conclusion

A new and efficient dispersive solid phase microextraction
was developed as sample preparation for extraction of five
organophosphorus pesticide compounds in real water samples
prior to analysis by GC-MS. Effective factors in
microextraction approach were thoroughly optimized. The
new SPME sorbent, Zero valent Fe-reduced graphene oxide
quantum dots, was synthesized and applied for extraction of
OPPs. The performance of new sorbent was compared with
magnetic graphene oxide and graphene oxide. The results in-
dicate that the new sorbent is very suitable for extraction of
these analytes. Advantages of this method are low LOD and
short extraction time, simple operation, low sample solution
and sorbent consumption, high preconcentration factor, and
organic solvent free. In order to investigate the performance
of the proposed method, several spiked real water and fruit
juice samples were analyzed and the relative recoveries were
obtained.
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