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Introduction

Organochlorine pesticides (OCPs) such as hexachlorocy-
clohexanes (HCHs of α-, β-, δ-, and γ-isomers) and dichlo-
rodiphenyltrichloroethane (DDT) have been used exten-
sively to protect against a great variety of pests and diseases 
in the past few decades. It was estimated that the total 
worldwide production exceeded 10 million tons for HCHs 
[1]. HCHs and DDT were already banned in the 1970s in 
the United States due to their carcinogenicity, persistence in 
environment, long-distance transport, and bioaccumulation 
along the food chain [2]. Widespread consumption and low 
biodegradation of OCPs have nevertheless led to the ubiq-
uitous presence of these toxic chemicals in the natural envi-
ronment. Therefore, the trace analysis of OCPs residues in 
food samples is great importance for environmental control 
and human health protection. Nowadays, the determination 
of OCPs in vegetation and other matrices is often performed 
by gas chromatography (GC) with specific detectors, for 
example, electron capture detection (ECD) [3] and mass 
spectrometry (MS) [4]. These techniques offer the advan-
tages of good sensitivity. The MS detector is widely used 
because of their selectivity and low detection limits [5]. In 
addition, the selected ion monitoring (SIM) mode allows 
reducing background noise. However, the sample matrices 
are complex, and the OCPs are in extremely low concentra-
tions in food samples, which is inadequate for direct instru-
mental analysis. Hence, extraction and enrichment of OCPs 
in samples were needed prior to instrumental analysis. In 
recent years, magnetic solid-phase extraction (MSPE) as a 
new mode of SPE, which is based on the use of sorbents 
with paramagnetic features, has been widely applied for 
various samples [6–10]. The main advantage of MSPE is 
the increase in active contact area between the analytes and 
adsorbent. Thus, the extraction efficiency is high with less 
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extraction time and the blocking problems, as occurs fre-
quently in solid-phase extraction (SPE) cartridge or column, 
is avoided. For MSPE method, the application of magnetic 
sorption material with a high loading capacity and selective 
adsorption ability is critical.

Graphene, an atomically thin honeycomb lattice of car-
bon atoms, arouse great interest among scientists in various 
fields discovered shortly by Geim et  al. in 2004 [11]. Due 
to its large specific surface area (2630 m2 g−1 from theoreti-
cal calculations based on single-layer graphene sheets) [12], 
chemical stability, flexibility and π-electron rich structure, 
etc., make a good candidate as a sorbent for sample pretreat-
ment [13–16]. However, there are some problems for directly 
used graphene as adsorbents. First, irreversible aggregation 
may occur due to their high surface area during isolation 
from a well-dispersed solution by filtration or centrifugation. 
Second, graphene sheets may escape from SPE cartridge or 
column, especially under high pressure. Third, it is difficult 
to completely collect the miniscule graphene sheets from a 
homogeneous solution [17]. These problems may not only 
hinder effective sorption behaviors and reduce the sorption 
capacity, but also result into the SPE cartridge blocking. 
Introduction of Fe3O4 nanoparticles into graphene sheets can 
solve the above-mentioned problems and maintain the high 
adsorption performance of graphene sheets and the separation 
convenience of magnetic materials. Recently, a few graphene-
based magnetic materials have been prepared for the precon-
centration of some analytes, such as carbamate pesticides 
[18], small molecules [19], phthalate acid esters [9], sulfona-
mide antibiotics [20], triazine herbicides [21], proteins, and 
peptides [22]. However, most of the Fe3O4 nanoparticles were 
immobilized on graphene surface only by physical adsorp-
tion or electrostatic interaction, and they may be easily fall off 
from the graphene sheets during application [23].

In this work, the graphene-coated Fe3O4 nanoparticles 
(Fe3O4@G) were prepared by covalent bonding. The per-
formance of Fe3O4@G as MSPE sorbent for the extraction 
of OCPs from orange juice samples prior to GC–MS analy-
sis was first demonstrated. Several experimental param-
eters that could affect the extraction efficiencies such as the 
amount of Fe3O4@G, extraction time, sample solution pH, 
and desorption conditions were evaluated. The results indi-
cated that the developed method was simple and effective 
for the determination of the OCPs in the juice with good 
sensitivity and reproducibility.

Experimental

Reagents and Materials

Graphite flakes (99.95  %, particle size ≤30  µm) were pur-
chased from Alfa Aesar (Heysham, England). TEOS and 

APTES were purchased from Chengdu apotheker chemi-
cal reagent co., LTD (Chengdu, China). Potassium perman-
ganate (KMnO4), sulphuric acid (H2SO4), Ferric chloride 
(FeCl3·6H2O), ferrous sulfate (FeSO4·7H2O), aqueous ammo-
nia, N,N-dimethylformamide (DMF), ethyl alcohol absolute 
were supplied by Beijing Chemical Works (Beijing, China). 
All of the organic reagents employed were analytical purity. 
Deionized water was used throughout experiments. Pesticide 
standards of OCPs including α-, β-, γ-, and δ-HCHs, p,p′-
DDT, o,p′-DDT, p,p′-DDE, and p,p′-DDD were purchased 
from the Institute for Environmental Reference Materials of 
Ministry of Environmental Protection (Beijing, China), which 
were prepared in methanol containing a mixture of eight 
OCPs at the concentration of 100 µg mL−1. A series of stand-
ard solutions were prepared by the appropriate dilution of the 
stock solutions and stored at 4 °C in a freezer. All the orange 
juice samples were purchased from local supermarkets in 
Changchun (Changchun, China) and stored at 4 °C.

Instruments and Analytical Conditions

Infrared absorption spectra were obtained with a Varian 800 
FT-IR spectrometer (Varian, Palo Alto, USA). XRD spectra 
were carried out using an XPert Powder X-ray diffractometer 
(Panalytical, Almelo, Holland). TGA was characterized by a 
simultaneous thermal analyzer STA 409 PC Luxx (Netzsch, 
Germany). SEM images were recorded on a S-4800 instru-
ment (Hitachi, Japan). TEM images were obtained with a 
H-600 transmission electron microscope (Hitachi, Japan).

A 7890A GC and a quadrupole MS 5975C (Agilent, 
Palo Alto, CA) with a 30  m  ×  0.25  mm, 0.25  µm film 
DB-17 bonded-phase fused silica capillary column (J&W 
Scientific, Inc., Folsom, CA) was used. Helium carrier gas 
was set at a flow rate of 1.0 mL min−1, and separation of 
the eight OCPs was carried out under a temperature pro-
grammed as follows: injector temperature at 200  °C, col-
umn temperature with an initial temperature of 90  °C 
(1-min hold) and ramped to 200  °C at a rate of 50  °C 
min−1 for 6 min, finally increased to 280 °C at the rate of 
10 °C min−1 and held for 5 min. The ions source was set at 
230 °C, the mass range was from m/z 100 to m/z 500, and 
the ionization energy was under electron ionization mode 
at 70 eV. Aliquots of 1 µL were injected into the GC–MS 
system under splitless mode, and the analytes were, respec-
tively, monitored under the selected ion monitoring mode at 
multiple mass channels. Retention times, selected quantifi-
cation and identification ions of the eight OCPs are shown 
in Electronic Supplementary Material Table S1.

Preparation of Fe3O4@G Nanocomposites

Fe3O4 nanoparticles were prepared by microwave synthesis 
[24]. The amino functionalized Fe3O4 nanoparticles were 



347Preparation of Graphene Sheets with Covalently Bonded Fe3O4 for Magnetic Solid-Phase…

1 3

synthesized according to the literature [25]. Graphite oxide 
(GO) was prepared by a modified Hummers method [26]. 
GO sheets, owning a considerable amount of epoxide and 
hydroxyl functional groups on both surfaces of each sheet 
and carboxyl groups mostly at the sheet edges, are strongly 
hydrophilic and can form well-dispersed aqueous colloids. 
Generally, large amounts of graphene are most easily pro-
duced via the reduction of GO, which offers tremendous 
opportunities for chemical bonded graphene MSPE coating 
preparation. According to that Fe3O4@GO was fabricated 
via the carboxy groups of GO were linked to the amino 
groups of amino functionalized Fe3O4 in aqueous solutions. 
The Fe3O4@G was prepared of Fe3O4 nanoparticles encap-
sulated GO (Fe3O4@GO) by a hydrothermal reaction. Typ-
ically, 150 mg GO in 300 mL of water was ultrasonicated 
for 3  h, then 150  mg amino functionalized Fe3O4 disper-
sion was added into the homogenous suspension and mix-
ture was ultrasonication for 30 min. After stirring for 2 h at 
80 °C, the mixture was transferred into a 400 mL Teflon-
lined stainless-steel autoclave and reacted at 180 °C for 3 h. 
The precipitate was collected by a magnet and washed with 
DMF and water. Finally, the resulted product was dried 
under vacuum at 60 °C.

Sample Preparation

The samples were diluted with deionized water (1:1, 
v/v) and then centrifuged at 4000  rpm for 5  min. The 

supernatant was collected and filtered through a 0.45  µm 
membrane to eliminate particulate matters before analysis. 
The 1:1 diluted orange juice samples with water are named 
‘diluted juice sample’ hereafter.

MSPE Procedure

The MSPE procedure is shown in Fig. 1. Typically, 40 mL 
of diluted juice sample with desired initial concentration 
of OCPs and 20 mg of Fe3O4@G were added in a 50 mL 
centrifuge tube and then the tube was shaken on a platform 
shaker under ambient temperature. After 10 min, an exter-
nal permanent magnet was placed beside the centrifuge 
tube to hold the Fe3O4@G which had already extracted the 
analytes. The supernatant was discarded. Subsequently, 
the residual supernatant and Fe3O4@G were totally trans-
ferred to a 2 mL centrifuge tube. The adsorbent was gath-
ered again by placing a magnet to the outside of tube wall 
to completely remove the residual solution. After being 
washed with deionized water to remove impurities that may 
exist, the preconcentrated target analytes were eluted from 
the isolated Fe3O4@G with 0.5  mL of mixed solvents of 
acetone and hexane (1:1, v/v) by vigorously vortexing for 
1 min. This desorption procedure was operated another two 
times. The supernatant solutions were combined together, 
and then evaporated to dryness under a gentle stream of 
nitrogen gas. The residue was dissolved in 50 µL of metha-
nol, and 1 µL was injected into the GC–MS to analyze.

Fig. 1   The overall synthetic 
procedure of Fe3O4@G 
nanocomposites and the MSPE 
procedure when Fe3O4@ G was 
used as sorbent
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Optimization of Adsorption and Desorption Conditions

To investigate the extraction performance, extraction recov-
ery (R) was used. R is expressed as follows:

where C is the analyte concentration (ng  mL−1) in the 
reconstituted solvent, C0 is the initial concentration of 
analyte in water sample. V and V0 are the volumes of the 
reconstituted solvent and water sample, respectively.

In the experiment of optimization of adsorption condi-
tions, the adsorbent was loaded 40 mL diluted juice sam-
ple solution spiked with 2  µg of each pesticides, when 
methanol (3 mL, three times) was used as elution solvent. 
To evaluate the influence of sample pH on the extraction 
recoveries, the sample solution was added hydrochloric 
acid or sodium hydroxide to adjust the pH in range from 
2.0 to 12.0. When evaluate the type of the elution, the 
adsorbent was loaded 40 mL diluted sample solution with 
2 µg spiked of each analyte, then eluted with 3 mL (each 
time) of elution solvent three times. To investigate the reus-
ability of Fe3O4@G, the adsorbent was washed with 3 mL 
of acetone twice and then with 3 mL water after desorption.

Validation of the MSPE‑GC–MS Method

The linearity was studied in the range 1.0–200.0 ng mL−1, 
when a series of working standard samples were prepared 
by different concentration spiked OCPs-free juice samples 
for the establishment of the matrix-matched standard cali-
bration curves. The limit of detection (LOD) and limit of 
quantification (LOQ) were estimated by five replicate anal-
yses of the calibration solution with known concentration. 
The intra-day and inter-day precisions were investigated by 
the extraction and determination of the analytes from the 
spiked juice samples at 5.0 ng mL−1 of each pesticides in 

R =

CV

C0V0

× 100%

the same day and on three consecutive days. The relative 
standard deviation (RSD) was calculated on the basis of 
the obtained peak areas. Recovery was also investigated by 
spiking the analytes into the samples at concentrations of 
5.0 and 20.0 ng mL−1. Triplicate measurements were per-
formed by MSPE–GC–MS.

Results and Discussion

Characterization of the Fe3O4@G Nanocomposites

GO reduction during hydrothermal treatment was con-
firmed by FT-IR spectra. Figure 2a shows the FT-IR spectra 
of GO, G and Fe3O4@G. In GO, we observed the absorp-
tion bands at 3410, 1735, 1597, 1064  cm−1, which are 
attributed to the stretching vibrations of O–H, C=O, aro-
matic C=C, and alkoxy C–O. The IR spectrum of compos-
ite product confirmed the reduction of GO sheets because 
the absorption at 1735  cm−1 (C=O stretching vibrations) 
was decreased very much in intensity and most bands that 
are related with the oxygen-functional groups almost van-
ished. The absorption band that appears at 1597 cm−1 may 
be ascribed to the skeletal vibration of the graphene sheets. 
A new absorption band at 579  cm−1 can be attributed to 
lattice absorption of iron oxide [27], indicating that Fe3O4 
was successfully grafted on G.

To obtain the phase and crystal structure informa-
tion about products, XRD measurements were conducted. 
Figure  2b illustrates the XRD pattern of graphite flakes, 
GO, G and Fe3O4@G with the corresponding 2θ values. 
After the oxidation of graphite flakes, reflection peak shifts 
to the lower angle at 2θ = 10.0° from the 2θ = 26.6° indi-
cates the successful oxidation of graphite. In the XRD pat-
tern of Fe3O4@G, seven diffraction peaks are observed at 
2θ = 30.2°, 35.5°, 43.2°, 53.5°, 57.2°, 62.6°, 74.1° corre-
sponding to the characteristic Fe3O4 planes of (2 2 0), (3 

Fig. 2   a FT-IR spectra and b XRD pattern of GO, G and Fe3O4@G nanocomposites; c TGA curve of the Fe3O4@G nanocomposites
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1 1), (4 0 0), (4 2 2), (5 1 1), (4 4 0), and (5 3 3), respec-
tively. All the diffraction peaks can be perfectly indexed to 
the standard value of the Fe3O4 (JCPDS card No. 19-0629) 
phase, and no characteristic diffraction peak of GO was 
found after reduced by hydrothermal treatment, which 
is in agreement with the GO being reduced to G during 
the synthesis process. According to the spectra of G and 
Fe3O4@G, without extra diffraction peaks related to car-
bon, it can be concluded that the G sheets were completely 
exfoliated due to the loading of Fe3O4 nanoparticles on 
their surfaces [28]. These results suggested the presence of 
Fe3O4 nanoparticles on G sheets, which is consistent with 
the FT-IR results. To determine the mass content of G in the 
Fe3O4@G, TGA was performed in air at the temperature 
range from room temperature to 800 °C at a rate of 10 °C 
min−1. TGA curve of the Fe3O4@G is shown in Fig. 2c. A 
weight loss from room temperature to 250 °C which may 
be attributed to the desorption of surface bound water. An 
abrupt weight loss that occurs from 250 to 700 °C could be 
caused by the removal of oxygen-functional groups and the 
decomposition of carbon framework from the nanocompos-
ites [29]. After 700 °C, there is no further mass loss, indi-
cating the complete removal of graphene. According to the 
TGA curve, the content of G is about 34.71 wt%, which is 
calculated from the weight loss of 250–700 °C.

The morphology of Fe3O4@G was investigated by SEM 
and TEM. Figure 3 illustrates the SEM and TEM images of 
the Fe3O4@G. After a long time of sonication with ethanol 
during the preparation of the specimen, the SEM and TEM 
images were displayed that Fe3O4 nanoparticles deposited 
onto the surface of G sheets and no Fe3O4 nanoparticles 
falling off from G sheets, suggesting the strong interaction 
between Fe3O4 nanoparticles and G sheets. As observed 
from Fig. 3a, the G sheets look like transparent veil deco-
rating Fe3O4 nanoparticles, implying that the G sheets are 

quite thin and had been exfoliated. In addition, the Fe3O4 
nanoparticles are nearly spherical in shape and with a typi-
cal size of about 60 nm.

Optimization of Adsorption and Desorption Conditions

To obtain the maximal extraction efficiency, several param-
eters including the amount of the magnetic graphene, 
extraction time, pH value of the sample, as well as the type 
and the volume of eluent solvent were investigated and 
optimized in this work.

Effect of the Amount of Fe3O4@G

The adsorbent amount had a significant effect on extrac-
tion efficiency. In this work, the amounts of Fe3O4@G 
in the range of 5–30  mg were investigated. According 
to the results shown in Fig.  4a, the extraction recovery 
increased as the amount of adsorbent increased. When 
the amount increased to 20 mg, the curves turned out to 
be flat, and there was no distinct increase to extraction 
recovery, indicating that 20 mg of sorbent was sufficient 
to extract OCPs from the sample solution. According to 
the result, 20 mg of Fe3O4@G was employed in the fol-
lowing studies.

Effect of Extraction Time

In MSPE procedure, extraction time is an important param-
eter which can influence the efficiency of extraction. In this 
study, different extraction time (5, 8, 10, 15, and 30 min) 
was studied. As shown in Fig.  4b, the extraction recover-
ies were increased with increased extraction time from 5 
to 10 min, and then remained almost constant after 10 min. 
Hence, the extraction time of 10 min was selected.

Fig. 3   a SEM image and b TEM image of Fe3O4@G nanocomposites
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Effect of pH of the Sample

A suitable pH possibly could improve the extraction effi-
ciency of the specific analyte on the adsorbent. Figure 4c 
shows that the extraction recovery of the analytes remained 
almost constant at pHs between 4.0 and 8.0; when the 
pH was lower than 2.0 or higher than 8.0, the extraction 
recovery was decreased. This was probably due to the pH 
either affecting the surface charge of the adsorbent or the 
physicochemical properties of the analyte. The pH of the 
diluted juice sample solutions was normally at about 4–5, 
thus there is no need to adjust the pH of the sample solution 
before extraction.

Type and Volume of Elution Solvent Selection

Selection of the kind of elution solvent is quite importance 
for the extraction efficiency of the analytes. In the current 
work, we selected methanol, acetone, hexane and acetone-
hexane (1:1, v/v) as eluting solvent, and then compared 
their eluting efficiencies. According to the results shown 
in Fig. 4d methanol had poor eluting capability compared 
with the other elution solvents. Acetone improved the 
extraction recoveries of p,p′-DDE, p,p′-DDD, o,p′-DDT, 
and p,p′-DDT, but it had poor eluting ability for the HCHs. 
Hexane showed a good eluting ability, but it was only 
90.2 and 86.7 % for o,p′-DDT and p,p′-DDT. When using 

Fig. 4   Effect of extraction conditions on MSPE efficiency of the eight pesticides. a Effect of the amount of Fe3O4@G; b effect of extraction 
time; c effect of the sample solution pH; d effect of the desorption solvent
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acetone-hexane (1:1, v/v) as the eluting solvent, the high-
est extraction recoveries in the range from 98.7 to 103.5 % 
were obtained. Thus, acetone-hexane (1:1, v/v) was chosen 
as elution solvent. The volume of elution solvent is also 
a key factor to obtain reliable and reproducible analytical 
results. In the present study, the influence of the volume of 
elution solvent on the extraction recoveries was studied. It 
was found that the extraction with 0.5 mL acetone-hexane 
(1:1, v/v) three times could completely elute the analytes 
from the adsorbent.

Reusability of the Adsorbent

The adsorbent after processed was reused for the next 
MSPE procedure according to the section “MSPE Pro-
cedure”. In such a way, no carry-over of the analytes was 
detected on the adsorbent. The matrix of orange juice 
is extremely complex and contains varieties of chemi-
cal substances, especially pigments. After the extraction 
by Fe3O4@G, the concentrated elution was almost with-
out color through visual observation. This phenomenon 
provides a clear proof that Fe3O4@G has the ability for 
the effective clean-up of the pigment, which is the main 
interference for analysis. The results showed that the mag-
netic adsorbent can be reused at least 15 times without 

significant loss of the extraction recoveries (>72.3  %) of 
OCPs. The fact indicates that Fe3O4@G has great potential 
for use in sample preparation for complex samples.

Validation of the MSPE‑GC–MS Method

To evaluate the performance of the developed MSPE cou-
pled with the GC–MS method for the analysis of the OCPs 
in orange juices, several important parameters including 
linearity, correlation coefficients (R2), limits of detection 
(LODs), limits of quantification (LOQs), reproducibilities 
were determined under the above optimized experimental 
conditions and the results are summarized in Table 1. The 
calibration curve of each OCP was constructed by plotting 
the peak areas (y) versus the corresponding concentration 
of the analytes (x). As can be seen, good linearities were 
observed in the range of 1.0–200.0  ng  mL−1 for all the 
OCPs with the correlation coefficients (R2) ranging from 
0.9904 to 0.9992. Based on a signal to noise ratio (S/N) of 3 
and 10, the LODs and LOQs for the compounds were esti-
mated to be in range from 0.01 to 0.05 ng mL−1 and from 
0.06 to 0.15  ng  mL−1, respectively. The within laboratory 
reproducibilities of the developed MSPE method were eval-
uated in terms of intra-day and inter-day precisions. The 
results, expressed as the relative standard deviation (RSD) 

Table 1   Parameters of the proposed method for quantitative analysis

Pesticides Linear range (ng mL−1) R2 LODs (ng mL−1) LOQs (ng mL−1) Intra-day RSDs (%) Inter-day RSDs (%)

α-HCH 1.0–200.0 0.9992 0.03 0.10 6.6 9.6

β-HCH 1.0–200.0 0.9983 0.03 0.10 7.2 7.8

γ-HCH 1.0–200.0 0.9904 0.03 0.10 5.8 6.4

δ-HCH 1.0–200.0 0.9916 0.03 0.15 7.7 8.9

p,p′-DDE 1.0–200.0 0.9922 0.05 0.15 4.9 7.6

o,p′-DDT 1.0–200.0 0.9915 0.01 0.06 6.2 8.0

p,p′-DDD 1.0–200.0 0.9984 0.03 0.15 5.3 7.7

p,p′-DDT 1.0–200.0 0.9969 0.01 0.06 4.1 8.3

Table 2   Comparison of the proposed method with other methods for the determination of OCPs

SE-ID-GC/MS Soxhlet extraction isotope dilution, MAE microwave-assisted extraction, HF-SLSDE hybrid field-assisted solid liquid solid dis-
persive extraction, QuEChERS quick, easy, cheap, effective, rugged and safe sample treatment method

Methods Samples Extraction time (min) Linear range (ng mL−1) LODs (ng mL−1) Precision RSDs (%) Reference

SPE-GC-ECD Mussels 15 0.1–18 ng g−1 0.03 ng g−1 2 [30]

SPE-GC/MS Tea 30 50–1000 ng g−1 0.01–4.5 0.5–18.8 [31]

SPE-LC/MS Water – – 0.044–0.33 <15 [32]

SE-ID-GC/MS Ginseng root 4.0 h – 0.2–0.5 <1.4 [33]

MAE-GC/MS Marine sediment 60 – 0.02–0.13 ng g−1 – [34]

(HF-SLSDE)-GC/ECD Tobacco Overnight 2.5–200 ng g−1 0.3–1.6 ng g−1 2.4–8.0 [35]

QuEChERS-GC Strawberry – 50–250 ng g−1 3.43–9.90 – [36]

MSPE-GC/MS Orange juices 10 1–200 0.01–0.05 4.1–9.6 This study
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of peak areas, are presented in Table 1. As can be observed, 
an acceptable precision was obtained with intraday RSD 
values below 7.7 % and interday RSD values within 9.6 %. 
Thereby, the proposed method is sensitive and repeatable.

Table  2 compares the performance of the proposed 
method in this study and other previously reported meth-
ods. The results show that the MSPE method has a shorter 
extraction time, wider linearity and a comparable reproduc-
ibility in contrast with the methods mentioned above. In 
addition, this method has lower LODs compared with the 
other method. These results confirmed that this method is 
faster, more sensitive and efficient.

Application of the Method to Orange Juice Samples

Under the optimal conditions, the current method was 
applied to the determination of the OCPs in three com-
mercially available orange juice samples from a local mar-
ket. The results show that no residues of the target OCPs 
were found in the samples. To validate the accuracy of the 
method, the recoveries of the method for the OCPs were 

investigated by spiking the analytes into the samples at 
concentrations of 5.0 and 20.0  ng  mL−1, respectively. 
The results are given in Table 3, showing that the recover-
ies of the OCPs were in the range from 73.8 to 105.4  % 
with RSDs between 3.3 and 7.7 %. The data revealed that 

Table 3   Recoveries of real samples spiked with the target analytes

nd not detected

Pesticides Sample 1 Sample 2 Sample 3

Spiked (ng g−1) Recovery (%) RSD (%) Spiked (ng g−1) Recovery (%) RSD (%) Spiked (ng g−1) Recovery (%) RSD (%)

α-HCH 0.0 nd 0.0 nd 0.0 nd

5.0 83.2 6.6 5.0 82.7 7.3 5.0 80.8 5.6

20.0 92.7 4.8 20.0 88.2 5.1 20.0 94.3 5.3

β-HCH 0.0 nd 0.0 nd 0.0 nd

5.0 76.3 7.2 5.0 86.3 5.9 5.0 93.9 4.2

20.0 98.8 4.1 20.0 94.9 4.0 20.0 94.6 4.5

γ-HCH 0.0 nd 0.0 nd 0.0 nd

5.0 80.1 5.8 5.0 76.4 6.3 5.0 104.2 6.1

20.0 105.4 4.3 20.0 89.7 4.6 20.0 90.4 4.7

δ-HCH 0.0 nd 0.0 nd 0.0 nd

5.0 77.5 7.7 5.0 103.1 6.7 5.0 81.0 5.3

20.0 86.1 4.9 20.0 93.6 3.6 20.0 95.1 4.2

p,p′-DDE 0.0 nd 0.0 nd 0.0 nd

5.0 83.4 4.9 5.0 82.6 7.2 5.0 75.9 5.6

20.0 95.3 3.6 20.0 96.7 4.0 20.0 97.8 3.2

o,p′-DDT 0.0 nd 0.0 nd 0.0 nd

5.0 81.2 6.2 5.0 82.3 5.4 5.0 85.4 5.7

20.0 98.0 4.4 20.0 91.5 4.7 20.0 93.7 6.6

p,p′-DDD 0.0 nd 0.0 nd 0.0 nd

5.0 73.8 5.3 5.0 78.7 5.8 5.0 92.0 7.5

20.0 96.3 3.1 20.0 95.3 5.5 20.0 102.5 4.9

p,p′-DDT 0.0 nd 0.0 nd 0.0 nd

5.0 80.1 4.1 5.0 82.6 5.0 5.0 84.8 6.4

20.0 104.5 4.7 20.0 90.8 6.3 20.0 96.3 5.2

Fig. 5   The total ion chromatograms obtained from unspiked and 
spiked sample. Peak identification: (1) α-HCH, (2) β-HCH, (3) γ-
HCH, (4) δ-HCH, (5) p,p’-DDE, (6) o,p’-DDT, (7) p,p’-DDD, (8) 
p,p’-DDT
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the new method was suitable for the analysis of the target 
analytes in real samples. Figure  5 shows typical chroma-
tograms of the extracted analytes from orange juice sam-
ple before and after being spiked with each of the OCPs at 
5 ng mL−1.

Conclusions

In summary, the Fe3O4 nanoparticles were grafted onto the 
surface of graphene by a chemical bonding method. The 
prepared Fe3O4@G was used as MSPE adsorbent for the 
enrichment of OCPs from real samples followed by GC–
MS. We demonstrated that our Fe3O4@G had great poten-
tial as an effective absorbent for enriching the OCPs in fruit 
juice due to its high absorption capacity, convenient mag-
netic separation and the more complex sample matrices, 
and it would have a significant application potential for the 
enrichment of other environmental pollutants.
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