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ABSTRACT

In this research, B-cyclodextrin/iron oxide reduced graphene oxide hybrid nanostructure (3-CD/MRGO)
with high water dispersability, excellent magnetic responsivity and molecular selectivity was prepared
via a facile one step green strategy. The obtained nanomaterial was characterized by scanning elec-
tron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), Raman
spectroscopy, and vibrating sample magnetometry (VSM), which confirmed the modification of GO
with 3-CD and magnetic nanoparticles. The formation mechanism of 3-CD/MRGO was also discussed.
The prepared magnetic nanocomposite was then applied as adsorbent in the vortex-assisted magnetic
solid phase extraction (MSPE) of 16 organochlorine pesticides (OCPs) from honey samples prior to gas
chromatography-electron capture detection (GC-ECD) analysis. Optimum extraction conditions have
been assessed with respect to vortex time, sample pH, adsorbent amount, and salt concentration as well
as desorption conditions (type and volume of desorption solvent and desorption time). A good level of
linearity (2-10,000 ng kg~') with satisfactory determination coefficients (R? >0.9966) and suitable preci-
sion (%RSDs less than 7.8) was obtained for OCPs under the optimal conditions. The limits of detection and
quantification of the method were obtained in the sub-parts per trillion (ppt) to parts per trillion range
(LOD: 0.52-3.21 ngkg!; LOQ: 1.73-10.72 ngkg~!) based on 3 and 10 signal to noise ratios, respectively.
The MSPE method was successfully applied to analysis of OCPs in honey samples with recoveries in the
range of 78.8% to 116.2% and RSDs (n=3) below 8.1%. The results demonstrated that 3-CD/MRGO could
exhibit good supramolecular recognition, enrichment capability and high extraction recoveries toward

OCPs.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction

due to the low cost and versatility in controlling a number of pests
[3]. The adverse effects of OCPs as endocrine disrupters [4] or car-

Organochlorine pesticides (OCPs) are one of the most effective
compounds in the control of pests and diseases that have been
widely used in agriculture around the world during the recent half
century. But they have been listed as U.S. Environmental Protec-
tion Agency (EPA) priority pollutants [1]. The dangerous nature of
OCPs is because of their toxicity, high chemical and biological sta-
bility and high potential to bio-accumulate [2]. Although, most of
OCPs have been banned in many countries since 1970s, they are still
found in the environment owning to their extreme stability. Fur-
thermore, in many underdeveloping countries, OCPs are still used
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cinogens [5] and low biodegradability make them a significant risk
to human health and natural ecosystems. The accumulation of OCPs
in animal-based products is another great concern because these
products act as intermediates in the transport of pollutants from
soil, plant, water and air to humans.

Honey is a valuable natural food product of animal origin with
world-wide consumption and it should be free from any chemical
contaminants according to the European Union (EU) regulations
(74/409/EEC, 1974) [6]. Due to the persistence of OCPs in the envi-
ronment, they may be introduced to honey during its production
by bees when they come in contact with nectar and pollen from
blossoms in lands where previously were exposed to pesticides.
Therefore, the monitoring of pesticides residues in honey is an
important issue in terms of food safety concern. Owning to com-
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plex matrix of honey, efficient sample pretreatment is essential to
obtainreliable results for trace level analysis. Several sample prepa-
ration techniques [7-13] have been reported for the extraction
of pesticide residues from honey which among them, solid phase
extraction (SPE) with different adsorbents has gained research
interest. In spite of some benefits, traditional SPE suffers from sev-
eral drawbacks such as limited rates of diffusion and mass transfer,
cartridges blocking by matrices particles, difficulty to treatment of
large sample volumes and adsorbing the analytes on the plastic
wall of cartridges which may cause to decrease the recovery and
increase the interferences in the analysis [6].

Magnetic solid phase extraction (MSPE) is a SPE-based method-
ology that has gained much attention in recent years. In this
method, the sorbent is directly added into the sample solution
containing the target analytes and collection of sorbent is easily car-
ried out by an external magnetic field which greatly simplifies the
SPE procedure and avoiding channeling or blocking of cartridges as
occurs in traditional SPE [14]. Different magnetic materials can be
applied as sorbents with MSPE. Recently, magnetic carbon nanos-
tructures have attracted research interest as the adsorbent since
they often exhibit a high adsorption capacity for different com-
pounds [15]. Graphene oxide (GO) as a carbon nanomaterial, with
the structure of a flat monolayer of carbon atoms bonded into
a two-dimensional (2D) honeycomb lattice, reveals many inter-
esting properties such as high mechanical, chemical and thermal
stability, ease of functionalization, excellent water dispersability
and high surface-to-volume ratio that make it an ideal choice for
use as adsorbent [16]. The introduction of magnetic properties into
GO will combine the extraordinary properties of GO and the sep-
aration convenience of the magnetic materials. Many efforts have
been made inrecent years to surface functionalization of graphene-
based magnetic nanocomposites in order to improve the selectivity
of the extraction system and achieve better adsorptive properties.

B-Cyclodextrin (3-CD) is a cyclic oligosaccharide supramolec-
ular composed of seven glucopyranose units. This compound
contains an electron-rich hydrophobic cavity due to its carbon
chain conformation and a hydrophilic exterior surface because of
oriented the 21 hydroxy groups on the rims of the macrocycle [17].
The most extraordinary characteristic of 3-CD is its ability to form
inclusion complexes (host-guest complexes) by capturing various
compounds with suitable polarities and dimensions into its cavity
and therefore showing high molecular selectivity and enantiose-
lectivity [18,19]. In addition, 3-CD is environmentally friendly and
water-soluble which can improve the solubility and dispersability
of functional materials.

Based on the unique performances of GO and (3-CD, the inte-
gration of them into a new composite synergically offers two
materials individual benefits, such as large surface area of GO
and high supramolecular recognition and enrichment capabil-
ity of B-CD. Therefore, the (3-cyclodextrin/graphene (graphene
oxide) nanocomposites will provide potential applications in the
many fields, especially organic pollutant separation and purifica-
tion [20-24]. In recent years, researchers have exploited various
strategies to fabricate cyclodextrin functionalized nanomateri-
als. In the previously reported methods, the preparation of
[3-cyclodextrin/graphene composites consisted of several time con-
suming steps that in some cases, the reducing agent used in the
chemical reduction of GO was a hazardous material such as highly
poisonous hydrazine [20,25-28]. The experiments showed that the
synthesized magnetic nanocomposites functionalized with (3-CD
not only have the magnetic property of Fe304 nanoparticles which
make them easily manipulated by an external magnetic field, but
also have the large surface area of GO that can incorporate high
number of 3-CD molecules [27,28].

In this work, 3-CD/MRGO nanocomposite was successfully pre-
pared by a simple one-step hydrothermal method using non-toxic

and cost-effective precursors. In this strategy, the reduction of GO to
graphene, attachment of 3-CDs molecules onto the GO nanosheets
and the in situ deposition of Fe304 nanoparticles were occurred in
one step. Here in, the FeZ* jons acted as reducing agent for reducing
oxygen functional groups on the surfaces of GO nanosheets which is
non-toxic. The synthesized 3-CD/MRGO was then characterized by
SEM, XRD, FTIR, VSM and Raman spectroscopy. Finally, the appli-
cation of prepared nanocomposite as adsorbent for extraction of
sixteen organochlorine from honey by a vortex-assisted solid phase
extraction procedure was investigated. Fig. 1 illustrated the syn-
thesis of 3-CD/MRGO and different steps of OCPs extraction and
analysis.

2. Experimental
2.1. Reagents and materials

Acetonitrile (HPLC gradient grade), acetone, n-hexane (Pes-
tanal grade), dichloromethane, methanol, hydrochloric acid (HCl),
sodium hydroxide (NaOH), B-cyclodextrin, sodium chloride (NaCl),
ferrous sulfate heptahydrate (FeSO4-7H,0), ammonia solution
(NH3, 25%) and all other reagents were purchased from Merck
Chemicals (Darmstadt, Germany). The OCPs were obtained as a
commercial mixture (EPA 608 pesticide mix, stock standard solu-
tion of 20wgmL~! each component in toluene:n-hexane, 1:1)
from Sigma-Aldrich (St Louis, MO, USA). The mixture contained
the following compounds: a-HCH, B-HCH, y-HCH, 8-HCH, aldrin,
dieldrin, endosulfan I, endosulfan II, endosulfan sulfate, endrin,
endrin aldehyde, heptachlor, heptachlor epoxide-isomer B, p,p’-
DDE, p,p’-DDD, and p,p’-DDT. Appropriate dilutions of the stock
solution with distilled water were made to the working solutions.

All standard solutions were stored in a refrigerator at —4°C in
the dark. All laboratory glassware used in this study was washed
with detergent, thoroughly rinsed with distilled water and acetone,
and then heated to 120 °C overnight to remove any remaining OCPs
and contaminants on the surface of vials.

2.2. Instrumentation

Chromatographic analyses were carried out using a gas chro-
matograph Agilent 7890 (Santa Clara, USA) equipped with a micro
electron capture detector (-ECD). All the separations were per-
formed on a HP-5 fused silica capillary column (30 m x 0.32 mm
i.d. x 0.25 pm, film thickness; 5% phenyl-95% dimethyl siloxane)
(Agilent Scientific, USA) with helium (>99.999%) as carrier gas at
1.0mL min~! flow-rate and nitrogen as make-up gas (30 mL min—1).
The injection port and detector temperature were set at 250°C
and 300 °C, respectively. An amount of 1 L of sample was injected
in splitless mode, during 0.75 min. The column oven temperature
program was as follows: initial temperature 60°C (held 1 min),
increased at 30°Cmin~! to 180°C, and then raised to 250°C at
7°Cmin~! (held for 5 min).

FT-IR spectra were obtained on an Equinox 55 FT-IR spectrom-
eter (Bruker, Bremen, Germany) from 4000 to 400cm~! using
a KBr pellet. The morphology of the 3-cyclodextrin/MRGO was
observed using a Zeiss DSM-960 scanning electron microscope
(SEM, Oberkochen, Germany). The magnetic properties of the
prepared materials were studied using a vibrating sample magne-
tometer (VSM/AGFM Meghnatis Daghigh Kavir Co., Kashan, Iran) at
room temperature.

X-ray diffraction (XRD) patterns were collected on a X'Pert Pro
MPD X-ray diffractometer (Almelo, Netherlands) using a Cu-Koa
radiation (\ = 1.54178 A). Raman spectra were conducted on a SEN-
TERRA Dispersive Raman microscope (Bruker, Germany) with a
785 nm wavelength incident laser light. The samples were vortexed



34 S. Mahpishanian, H. Sereshti / ]. Chromatogr. A 1485 (2017) 32-43

Hydrophobic cavity

Hydrophilic exterio:

B-cyclodextrin
P e

FeSO,
NH, (pH =11)

GC-ECD

analysis Desorption

' B-cyclodextrin

]
A

O Fe,0, nanoparticle () OCPs

A B-CD/RMGO

Fig. 1. Illustration of the procedure for synthesis of 3-CD/MRGO and MSPE steps for OCPs analysis in honey.

utilizing A ZX-Classic vortex mixer (Velp Scientifica, Milan, Italy).
A Eurosonic 4D (Euronda, Montecchio Precalcino (Vincenza) Italy)
ultrasonic water was used in the synthesis of the adsorbent and the
optimization procedure.

2.3. Synthesis of B-CD/MRGO

The GO nanosheets were synthesized from natural graphite by
a modified Hummers’ method [29]. For fabrication of 3-CD/MRGO,
0.250g of 3-CD and 0.695g of FeSO4-7H,0 were added to the
50.0mL aqueous dispersion of graphene oxide (2mgmL-!) and
ultrasonicated for five min. Next, the pH of sample was adjusted
to 11 by ammonia solution and the vial was placed in a water bath
at 60°C for 5h with constant stirring under N, atmosphere. The
resultant black dispersion was collected by a magnet, washed sev-
eral times with ethanol and distilled water sequentially to remove
excess [3-CD, and then dried in vacuum at 40°C for 6 h.

Magnetic reduced graphene oxide (MRGO) was synthesized by
the same procedure described above without addition of 3-CD to
the sample solution.

2.4. The MSPE procedure

The schematic MSPE procedure is shown in Fig. 1. Typically,
15mg of 3-CD/MRGO was added to 50mL of the sample solu-
tion containing OCPs (500 ngkg~1) in a glass tube. The tube was
then shaken by vortex mixer for 3 min at 3000 rpm. After that, a
magnet was placed on the outside wall of the tube to collect -
CD/MRGO nanoparticles which had adsorbed the analytes. After
completing the separation of nanoparticles from the solution in a
few seconds (< 305s), the clear supernatant was discarded. Next, the
residual supernatant and adsorbent were completely transferred
to a 2 mL centrifuge tube and the adsorbent was collected again by
placing a magnet to the outside of tube wall to completely remove
the residual OCPs from the solution. In the next step, the analytes
were desorbed from the adsorbent by vigorous vortexing the mix-
ture with 0.5 mL of mixed solvent system containing acetonitrile
and dichloromethane (4:1, v/v) for 1 min. This desorption proce-

dure was performed one more time. The desorbed solutions were
then combined together and evaporated to dryness under a mild
stream of nitrogen at 40 °C. The residue was redissolved in 100 p.L of
n-hexane, and 1 pL of it was injected into the GC-WECD to analyze.

2.5. Statistical analysis

The statistical analyses were carried out using SPSS 15.0 for
windows (SPSS Inc., Chicago, IL, USA). The obtained data were
compared for any significant differences using one-way analysis
of variance (ANOVA) and Tukey Comparisons Test. Differences at
probability level of 95% (P <0.05), considered to be significant.

3. Results and discussion
3.1. Characterization of B-cyclodextrin/MRGO

The FT-IR spectra of 3-CD, GO, Fe30,4 and 3-CD/MRGO are shown
in Fig. 2a. The spectrum of GO shows the existence many oxygen-
containing functional groups on the GO surfaces. The peaks at 1034,
1220and 1622 cm~! correspond to C—O stretching vibrations of the
epoxy groups, C—OH stretching, and C=C stretching, respectively.
The characteristic peak at 1734 cm™~! corresponds to C=0 stretch-
ing vibrations of the carboxyl groups, and the peak at 3440 cm™!
belongs to the O—H stretching vibration. In the IR spectrum of 3-
CD, the broad band with a maximum at 3313 cm™! is ascribed to
the stretching vibration of O—H bond in the hydroxy groups. The
absorption peak at 2930 cm~! belongs to the stretching vibration
of C—H bond in the CH and CH, functional groups. The absorp-
tion bands in the region 1204-1414cm~! (1204, 1252, 1296, 1334,
1366 and 1414cm!) correspond to the deformation vibration of
the O—H bonds in the primary and secondary hydroxy group of
B-CD and C—H bending vibrations. The peak at the 1151 cm™! is
assigned to the coupled C—0—C stretching in the ether and O—H
bending vibrations of hydroxy groups. The featured peaks at 1029
and 1077 cm~! are attributed to the coupled C—0O/C—C stretching
and O—H bending vibrations. The absorption peaks at 569, 708, 756
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Fig. 2. Characterization of materials: (a) FTIR spectra of GO, Fe304, 3-CD and (3-CD/MRGO; (b) XRD pattern of 3-CD/MRGO; (c) room temperature hysteresis loop of Fe304,
MRGO and 3-CD/MRGO; (d) Raman spectra of GO and 3-CD/MRGO; and (e) SEM image of GO and 3-CD/MRGO.

and 942 cm~! belong to the deformation vibration of the C—H bonds
and ring vibration.

The FT-IR spectrum of 3-CD/MRGO exhibits typical CD char-
acteristic peaks mentioned above (the absorption peaks at 1029,
1151, 1077, 1414, 2925 and 3429 cm~1). This obviously confirms
successful attachment of 3-CD molecules onto the graphene sur-

faces. The strong peak at 583cm~! in the FT-IR spectrum of
B-CD/MRGO, attributed to the Fe-O bond vibration, confirms the
existence of Fe304 nanoparticles on the structure of nanocompos-
ite.In addition, the C=0 vibration band (1740 cm~!) disappears due
to chemical reduction of GO nanosheets, but the broad O—H and the
C—O stretching bands remain.
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Fig. 3. Structure of investigated OCPs in this study.

The O—H stretching vibration peak at 3429cm~! for B-
CD/MRGO shows characteristic large red-shift compared with free
OH mode (located at about 3700 cm~1), indicating the presence of a
strong hydrogen bond between [3-CD molecules and some oxygen
functional groups of GO nanosheets [30]. In fact, only two molecular
interactions including hydrophobic interactions and hydrogen-
bonding are possible. The hydrophobic cavity of 3-CD molecules
located inside of the ring. On the other hand, GO nanosheets are in
micrometer size. Therefore, the hydrophobic interaction between
the cavity of 3-CD and GO is not feasible and they can only attach
together via strong hydrogen bonding because of multiple oxygen
functional groups on the GO surfaces and OH groups of [3-CDs.
According to the fact described above, the mechanism for fab-
rication of 3-CD/MRGO nanocomposite is considered as follows:
the 3-CDs would be adsorbed on the surface of GO because of a
strong hydrogen bonding between them. At the same time, the
ferrous ions (Fe2*) diffuses toward the GO nanosheets through elec-
trostatic interactions, which were then oxidized into ferric ions
(Fe3*) effectively by the oxygen-containing functional groups on
the GO surfaces. Then, the oxidized Fe3* and unoxidized Fe2* ions
coprecipitated into Fe304 nanoparticles on the GO surfaces under
alkaline conditions (pH=11). The remaining oxygen-containing
groups (particularly the OH groups) on the reduced graphene oxide
had to continue to form the strong hydrogen bonding with the 3-CD
molecules.

In order to prove the deposition of Fe304 nanoparticles on the
surface of GO, XRD pattern of 3-CD/MRGO nanocomposite is shown
in Fig. 2b. The diffraction peaks at 26 =30.2, 35.56,43.28,53.24,57.0
and 62.84 correspond to the (220), (311), (400), (422), (511) and
(440) of the cubic spinel crystal planes of Fe304, respectively. The
obtained pattern is consistent with the standard XRD data for bulk
Fe304 (Joint Committee on Powder Diffraction Standards, JCPDS,
card 19-0629), indicating that Fe304 nanoparticles have been suc-
cessfully connected with GO nanosheets.

The magnetic properties of Fe304, MRGO and [3-CD/MRGO
were investigated by VSM technique at room temperature. As
shown in Fig. 2c, the magnetic hysteresis loops of all three sam-
ples display S-like curves, which passed through the zero point of
magnetization, indicating superparamagnetic properties of these
structures. The values of saturation magnetization of Fe304, MRGO
and B-CD/MRGO were 69.1, 50.4 and 46.0emug~!, respectively.
It is obvious that the saturation magnetizations of MRGO and
B-CD/MRGO are lower than bare Fe304, which can be due to
the contribution magnetically inactive GO nanosheets and [3-CD
molecules to the total magnetization. The saturation magnetiza-
tion of B-CD/MRGO had a slight decrease compared to MRGO,
which clearly confirms the attachment of 3-CD on to the reduced
graphene nanosheets. However, this amount (46.0) is much higher
than the enough saturation magnetization value (16.3emug-1!)
reported by Ma et al. [31] for magnetic separation from solution
with a magnet. These results indicate that 3-CD/MRGO has a good
magnetic properties and can be rapidly separated from the sample
solution by a magnetic.

Raman spectroscopy was used to characterize the ordered and
disordered crystal structures of fabricated 3-CD/MRGO. The Raman
spectra of GO and [3-CD/MRGO are shown in Fig. 2d. The spec-
trum of GO displays two prominent peaks at about 1340 and
1590 cm~!, which are assigned to the D band (originates from
the disorder-induced mode associated with structural defects and
imperfections) and G band (corresponds to the first order scatter-
ing of the E>g phonon of the sp? carbon domains), respectively. The
intensity ratio of Ip/I; is often applied to measure of disordering.
As can be seen, with incorporation 3-CD and Fe304 nanoparticles
on the RGO surfaces, the Ip/Ig of 3-CD/MRGO shows relative higher
intensity than that of GO. These observations suggest a large num-
ber of structural defects due to attachment of 3-CD and Fe304 to
the sp2 carbon network.

The SEM micrographs of GO and [3-CD/MRGO are shown in
Fig. 2e and f, respectively. The differences in the surface morphol-
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ogy between GO and [3-CD/MRGO are clearly observed. As can
be seen, the GO has a sheet-like structure with a large thickness,
smooth surface, and wrinkled edge while 3-CD/MRGO has a much
rougher surface, which indicates that many magnetic nanoparticle
and [3-CD molecules had been assembled on the surface of the GO
nanosheets.

The above-mentioned characterization results show the suc-
cessful synthesis of 3-CD/MRGO by a simple one-step hydrother-
mal reduction strategy which compared to the hydrazine reduction
methods and multi-steps procedures, this approach is more simple
and non-toxic.

3.2. Interaction mechanism between OCPs and B-CD/MRGO

The OCPs molecules can interact with the (3-CD functionalities
on the surfaces of GO nanosheets. The formation of inclusion com-
plex and its binding strength mainly depend on the size/dimension
fit and binding forces (such as hydrophobic interactions, van
der Waals attractions, hydrogen bonding, electrostatic interac-
tions, etc.) between the host cavity of 3-CD and OCPs as guest
molecules. The chlorinated pesticides, in this study, had different
structure including (1) the hexachlorocyclohexane class (a-, B-
, Y-, and 8-HCH), (2) the hexachlorobicycloheptene class (aldrin,
dieldrin, endosulfan I, endosulfan II, endosulfan sulfate, endrin,
endrin aldehyde), (3) heptachlorobicyclic class (heptachlor, hep-
tachlor epoxide-isomer B), and (4) the p,pi substituted diphenyl
class (p,p’-DDE, p,p’-DDD, and p,p’-DDT) as shown in Fig. 3.

As compared to the other classes of pesticides, p,p’ substituted
diphenyl class can form stronger host-guest complex with (3-CD.
This may be due to the chemical structure of them, since they
have good fit within the cavity of the B-CD functionalities which
lead to the formation of stable inclusion complexes. DDT, DDE,
and DDD are hydrophobic compounds which contain a symmet-
rical chlorobenzene ring with the size of 0.2nm3. The B-CD has
the same cavity depth and diameter of ~0.78 nm while the vol-
ume of its cavity varies between 0.262 and 0.346nm3 [32,33].
Therefore, DDT, DDE, and DDD molecules have a characteristic part
of chlorobenzene ring that matches into the 3-CD cavity. How-
ever, highly chlorinated OCPs such as hexachlorocyclohexane and
hexachlorobicycloheptene-based class are more difficult to enter
into the 3-CD cavity owning to their steric hindrance effect.

Since the OCPs are low to moderately polar compounds, the
hydrophobic interaction is the main driving force to form the inclu-

sion complex between the OCPs and CD in the aqueous media.
Therefore, the pesticides with a higher log P (partition coefficient
in n-octanol/water) such as DDT, DDE and DDD can be more bound
by B-CD cavities. In addition, some of the studied OCPs in this work
(such as heptachlor epoxide, endosulfan I and II, endosulfan sul-
fate, dieldrin, endrin and endrin aldehyde) are H-bond acceptor due
to the existence of oxygen atom or carbonyl group on their struc-
tures. Therefore, the H-bonding between the oxygen atom/carbonyl
group of OCPs and the OH residues at the rime of 3-CD may have
also contributed to the formation of the 3-CD complexes with OCPs.

3.3. Optimization of adsorption and desorption conditions

To achieve the best extraction efficiency and obtain opti-
mal MSPE conditions, several parameters including vortex time,
amount of adsorbent, pH of sample solution, salt concentration as
well as desorption conditions were investigated and optimized. To
study the extraction performance, extraction recoveries (R) were
used. Recoveries were investigated by analyzing 50 mL of sample
solutions spiked with 1000 ng kg~! of each OCP. Triplicate measure-
ments were performed at each point and the means of results were
used for optimization. Extraction recovery was calculated based on
the following equation:

R = Cos xVos 49 (1)
Caq % Vaq

where Cys is the analyte concentration in the final organic solvent,

Cqq is the initial concentration of the analyte in the aqueous phase

and Vs and Vgq are the volumes of final organic solvent and the

aqueous phase, respectively.

3.3.1. Effect of desorption conditions

Effective desorption of extracted analytes from the surface of
adsorbent by a suitable solvent is an important step. Sufficient
elution and good extraction efficiency can be achieved by both
the proper dispersion of the magnetic adsorbent in the solvent
and capability of solvent to extract target analytes. Owning to
hydrophilic nature of 3-CD/MRGO and existence polar groups on
the structure of adsorbent, it can be dispersed well in a polar sol-
vent. On the other hand, a nonpolar solvent may be more suited to
desorb OCPs from the adsorbent surface due to the low or moderate
polarity of them, but the aggregation of 3-CD/MRGO nanoparticles
will occur, discouraging the extraction procedure.



38 S. Mahpishanian, H. Sereshti / ]. Chromatogr. A 1485 (2017) 32-43
120 +
o ]
< 100 A il 1
Nt ]
1! Il N
-y I | P I 1 Fig 1
g 80 i Al g ki &0 [
o ! i 0 I | |
Q i | LT
© 60 - " : i o ‘ |2
P | |
8 | 24
© 40 1 | ‘ W6
[+ |
: | | |
20 1 | =10
|
o | AL AL AL A A O o |
$ & > & & > & @ S
FEEELF T T FFTFTE &S
A A S A R - R A S S AN I
‘QQQ & P Q beﬁ > . Q‘b ;@Q Q
& & & S
& & ¥
\QQQ &
OCPs

Fig. 5. Effect of sample solution pH on the OCPs extraction recoveries. Conditions: 500 ng kg~' of OCPs, 1 mL of acetonitrile-dichloromethane (4:1, v/v), 3 min of vortex time,

20 mg of adsorbent, no salt.

The other important factor that should be considered when
selecting a suitable solvent for desorption of analytes is the insol-
ubility of impurities in the solvent. Co-eluting compounds from
the sample matrix can affect the signal of analytes by a signal
enhancement or suppression. These unfavorable effects may lead
to a decrease in accuracy, precision, and sensitivity of the method.

In the current work, different organic solvents contain-
ing methanol, acetone, acetonitrile, acetonitrile-hexane (4:1,
v/v), acetonitrile-dichloromethane (4:1, v/v) and acetonitrile-
dichloromethane(3:1, v/v) were selected as desorption solvent, and
their extraction efficiencies were compared.

According to the results shown in Fig. 4 methanol had poor
eluting capability compared with the other elution solvents. Ace-
tone and acetonitrile showed better extraction recoveries for
p,p’-DDE, p,p’-DDD, and p,p’-DDT than methanol, but they had
poor desorption ability for other compounds. The mixture of
acetonitrile-hexane showed a better extraction recoveries for some
OCPs, but it exhibited a low extraction efficiency for some com-
pounds, such as heptachlor epoxide, dieldrin, endrin, p,p’-DDT,
p,p’-DDD and p,p’-DDE. Using acetonitrile-dichloromethane (4:1,
v/v) as the desorption solvent, the highest extraction recover-
ies were obtained. The lower extraction recoveries obtained for
acetonitrile-dichloromethane (3:1, v/v) could be attributed to the
weaker dispersability of the adsorbent in the solvent by decreasing
the mixture polarity. This may be lead to poor penetration of the
solvent to the surfaces of adsorbent and agglomeration of the adsor-
bent nanosheets that can decrease the specific surface area and
hinder the effective desorption of analytes. According to the above
discussion, acetonitrile- dichloromethane (4:1, v/v) was chosen as
the best desorption solvent.

The volume of desorption solvent is also a key factor to obtain
reliable and reproducible analytical results. Therefore, the influence
of desorption solvent volume on the OCPs extraction recoveries
was studied with different volume of acetonitrile-dichloromethane
(4:1, v/v). It was found that the greatest extraction recoveries can
be achieved with elution the adsorbent by 0.5 mL acetonitrile-
dichloromethane (4:1, v/v) for two times. Hence, the total amount
of 1mL (2 x 0.5 mL) of acetonitrile-dichloromethane (4:1, v/v) was
selected for desorption of OCPs from the 3-CD/MRGO.

The effect of desorption time was also investigated by increas-
ing the vortex duration from 0.5 to 3 min the results (not shown)
showed that no significant changes were observed for the extrac-

tion recoveries of OCPs after 0.5 min of vortex time. Thus, the vortex
time of 1 min was selected to insure complete desorption of ana-
lytes from the adsorbent.

3.3.2. Effect of dilution factor

Since honey has a complex matrix and the pesticides distribute
in the sample between a “free” and a “bound” form with matrix
components, a sample dilution can increase the extraction efficien-
cies due to matrix effect reduction. But, excess dilution of samples is
unfavorable for a trace analysis. Therefore, it is necessary to choose
a proper dilution factor. In this study, the effect of dilution factor
was investigated by analyzing 50 mL water sample containing dif-
ferent weights of OCP free honey (10, 5, 3, 2, 1 and 0.5 g) spiked
at 1000ngkg~! of OCPs. The results (not shown) indicated that
the highest extraction recoveries for all OCPs were achieved for
50 mL water containing 2 g of honey (a 25-fold dilution) and further
dilution had not significant effect on the enhancement of extrac-
tion recoveries. Hence, 2 g of honey dissolved in 50 mL water was
adopted for further experiments.

3.3.3. Effect of vortex time

In MSPE procedures, extraction time is an important factor
which can affect the extraction efficiency. To obtain the satisfac-
tory adsorption equilibrium, sufficient contact time between the
adsorbent and analytes is required. Mass transfer of analytes to
adsorbent can be increased with the agitation of sample solution
due to a decrease in the thickness of diffusion film with agitation. In
this study, different vortex times (1, 2, 3,4, and 5 min) were studied
after dispersing the adsorbent into the sample solution by means
of vortex agitator at 3000 rpm. On the basis of obtained results, all
extraction recoveries were increased by extending the vortex time
from 1 to 3 min while longer times slightly reduced the extraction
recoveries. The same experiments were also performed by shaking
the sample solution with a platform shaker as well as ultrasonica-
tion for comparison with the use of vortex mixing. The results (data
not shown) demonstrated that the use of vortex provided shorter
equilibrium time compared to shaker (15 min) and ultrasonication
(8 min). The obtained rapid equilibrium can be explained by the
fact that the adsorbent can be uniformly dispersed into the sam-
ple solution by the aid of vortex agitator, making the contact area
between the adsorbent and the OCPs molecules large enough for a
fast mass transfer. Based on the results of above, the vortex time
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Fig. 6. Effect of adsorbent amount on the OCPs extraction recoveries. Conditions: 500 ng kg~ of OCPs, 1 mL of acetonitrile-dichloromethane (4:1, v/v), 3 min of vortex time,

pH~6, no salt.

of 3 min was selected for the optimum extraction time in the next
steps.

3.3.4. Effect of pH of the sample

The sample solution pH can affect the extraction efficiency in a
MSPE procedure by altering the chemical forms of analytes and/or
surface charge of the adsorbent. Thus, the effect of solution pH on
the OCPs extraction recoveries was investigated by adjusting pH
from 2 to 10 with HCI or NaOH while other experimental conditions
were kept constant. Fig. 5 shows that the extraction recoveries of
the analytes remained almost constant at pH values between 4.0
and 8.0; when the pH was lower than 4.0 or higher than 8.0, the
extraction recoveries of some compound were decreased. This was
probably due to the fact that some of the OCPs are degraded during
the acid or base hydrolysis step [34]. Under very acidic medium,
some compound such as dieldrin, endrin and heptachlor epoxide
can be degraded into its dechlorinated products and diol derivative.
On the other hand, some OCPs, including DDT, DDD and DDE may
slowly hydrolyzed under basic conditions. In addition, the oxygen
groups on the adsorbent are ionized (carrying negative charge) at
alkaline conditions and thus adsorb more water molecules which
blocks the access of OCPs molecules to the adsorption sites of
CD/MRGO and results in the reduction of extraction recoveries.
Therefore, extremely acidic or basic conditions should be avoided
in the sample preparation steps. Since the pH of the investigated
honey samples after dilution were in the range of 5-7, there was
no need to adjust the pH of the sample solution.

3.3.5. Effect of adsorbent amount

The adsorbent amount had a significant effect on extraction effi-
ciency. Low amount of adsorbent is not sufficient to the effective
extraction of analytes from the sample solution. On the other hand,
high amount of adsorbent cannot improve the extraction efficiency
and may require a higher amount of eluent solvent to desorb the
analytes. In this work, the effect of the adsorbent amount was stud-
ied by varying the amount of 3-CD/MRGO from 5 to 25 mg. As
shown in Fig. 6, the extraction recoveries for all OCPs increased
as the amount of adsorbent increased. In the amounts of adsor-
bent more than 15 mg, the extraction recoveries remained almost

constant, indicating that 15 mg of adsorbent was sufficient to the
effective extraction of OCPs from the sample solution. According to
the result, 15 mg of 3-CD/MRGO was used in the following studies.

3.3.6. Effect of salinity

In general, a suitable ionic strength can decrease the solubil-
ity of the analytes in an aqueous media and therefore enhancing
their partitioning into the organic phase. The effect of salt on the
extraction recoveries of OCPs using 3-CD/MRGO was investigated
by adding different amounts of NaCl ranging from 0 to 7% (w/v).
As illustrated in Fig. 7, the extraction recoveries for all OCPs were
increased with addition of salt up to 3% w/v. When the salt con-
tent was further increased to 5%, the extraction recoveries were
decreased for some OCPs, and with more amount of salt (7%) all
extractionrecoveries were decreased. It can be explained by the fact
that the sodium ions can form inclusion complex with 3-CD cavity,
and thus at high salt content, the bonded sodium ions reduce inter-
action sites on the surface of 3-CD/MRGO with OCPs which result
in the lower extraction recoveries. In addition, high ionic strength
can limit the molecular transfer rate to the surfaces of the adsorbent
due to increase the viscosity of bulk solution. Based on the above
results, 3% (w/v) of NaCl was used as optimum salt concentration
for other experiments.

3.4. Reusability and reproducibility of adsorbent

Regeneration and reuse of adsorbent are very important aspect
of the SPE-base procedure from economy and environmental point
of view. The ability to reuse of adsorbent can reduce the need for
new adsorbent and the problem of waste of used adsorbent which
make the treatment method more economical and environmen-
tal friendly. In order to investigate the reusability of the prepared
adsorbent, after desorption of the analytes from the surfaces of 8-
CD/MRGO completed, it was washed with acetone and water, and
then reused for the next MSPE procedure according to section 2.5.
The results showed that the adsorbent can be reused at least 15
times without significant loss of the extraction recoveries ( <10%)
of OCPs. This fact indicates that 3-CD/MRGO has a great potential
for repeated use in sample preparation.
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Fig. 7. Effect of salt concentration on the OCPs extraction recoveries. Conditions: 500 ngkg=! of OCPs, 1 mL of acetonitrile-dichloromethane (4:1, v/v), 3 min of vortex time,

15 mg of adsorbent, pH~6.

The reproducibility of the material is considered as a key
factor in the evaluation of the proposed vortex-assisted- MSPE
performance. To evaluate the reproducibility of the synthesized
[3-CD/MRGO nanocomposite for MSPE, a 50mL of sample solu-
tion containing OCPs spiked at 50ngkg-! was extracted with
[3-CD/MRGO nanocomposite using the described MSPE in section
2.5. Five portions (15 mg) of 3-CD/MRGO that had been prepared
in one batch was selected to give the intra-batch relative stan-
dard deviations (RSDs), and the inter-batch RSDs were obtained
by means of the adsorbents that had been independently prepared
over three batches (five replicates analysis for each adsorbent). The
mean recoveries were also compared with Tukey test at p <0.05.
The intra- and inter-batch RSDs were obtained in the ranges of
4.1% and 6.6% respectively and no significant difference in the mean
recoveries was observed. The results indicated that the adsorbent
had satisfactory reproducibility for OCPs extraction.

3.5. Validation of the method and real sample analysis

To evaluate the performance of the developed vortex-assisted-
MSPE/GC-ECD method for the analysis of the OCPs, analytical
parameters including linear dynamic ranges (LDRs), determination
coefficients (R2), limits of detection (LODs), limits of quantification
(LOQs), preconcentration factors (PFs) and precisions were deter-
mined under the optimized experimental conditions.

A series of blank water samples spiked with OCPs standards at
different concentration levels and honey sample solutions spiked
at the same levels were prepared to establish the standard and
matrix-matched calibration curves, respectively. For each level,
three replicate extractions and determinations were performed
and the calibration curve of each OCP was constructed by plot-
ting the peak areas versus the corresponding concentration of the
analytes. To evaluate the effect of matrix, the difference in slopes
and determination coefficients of both calibration curves (matrix
matched calibration and standard calibration) was investigated
using one-way ANOVA at significant level of 5% for each analyte. The
results showed that there was no significant difference between the
two curves indicating no observable matrix effect (Table S1, sup-
plementary information). However, for an accurate quantification,
a matrix-matched calibration was used and the results were sum-
marized in Table 1. The limits of detection (LODs) and quantification

(LOQs) of the method were calculated at the signal to noise ratio
of 3 (S/N=3) and 10 (S/N=3), respectively. Preconcentration factor
(PF) was defined as the ratio of the analyte concentration in the
organic phase to its initial concentration in the source phase.

Repeatability and reproducibility of the method were evalu-
ated in terms of intra-day and inter-day precisions, respectively.
The intra-day and inter-day precisions were investigated by the
extraction and determination of the analytes from the spiked honey
samples at 50ngkg~! of each OCP (five times) in the same day
and the same process (five replicate) on three consecutive days.
The results expressed as the relative standard deviation (RSD),
are shown in Table 1. As can be seen, the acceptable precisions
were obtained indicated that the proposed method is sensitive and
repeatable.

In order to evaluate the applicability of the proposed method,
it was used for determination of the OCPs in honey samples. For
this purpose, three labels of honey (one natural honey labeled as
honey 1 and two commercial honey labeled as honey 2 and honey
3), with different origins were prepared from local supermarkets
(Tehran, Iran). Each honey sample (2g) was mixed with 50mL
deionized water and stirred with a vortex mixer for few minutes
to form a homogeneous solution. As no reference materials was
available for honey, the accuracy of the method was verified with
recovery tests by analyzing the honey samples spiked at 50 and
500ngkg~! of OCPs standards. The results are shown in Table 2.
The acceptable obtained recoveries from 78.8% to 116.2%, with low
RSDs (below 8.1%) demonstrated the applicability of the devel-
oped MSPE method based on 3-CD/MRGO for the determination
of OCPs in honey samples. The representative chromatograms of
honey samples analysis are shown in supplementary information,
Fig. s1.

3.6. Comparison with other extraction methods

The performance of the proposed method was compared with
other previously reported SPE based methods for analysis OCPs in
honey [12,35-41]. The results in Table 3 showed that the MSPE
method based on 3-CD/MRGO as adsorbent, provided good analyt-
ical features in term of LOD, accuracy (as¥%recovery) and precision
(as%RSD). The results were better or comparable to the other
reported methods. Very low LODs in the sub-part per trillion (sub-
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Table 1

Analytical performance data for the OCPs analysis in honey by the proposed MSPE method.
No. OCPs LDR (ngkg1) R? LOD (ngkg!) LOQ (ngkg1) RSDs (%) PF

Intraday (n=5) Inter-day (n=15)

1 a-HCH 2-5000 0.9981 0.61 2.03 33 5.7 373
2 3-HCH 2-5000 0.9992 0.68 227 2.9 6.2 386
3 y-HCH 2-5000 0.9997 0.74 2.46 32 4.6 390
4 8-HCH 2-5000 0.9985 0.75 2.50 3.8 6.6 431
5 heptachlor 2-5000 0.9996 0.75 2.50 4.2 7.8 485
6 aldrin 2-5000 0.9970 0.67 223 6.6 7.0 467
7 heptachlor epoxide 2-5000 0.9992 0.69 2.30 4.0 5.6 445
8 endosulfan I 2-5000 0.9988 0.65 217 3.7 4.5 439
9 p,p’-DDE 2-5000 0.9995 0.52 1.73 5.1 44 506
10 dieldrin 2-5000 0.9994 0.65 217 4.6 7.2 481
11 endrin 3-5000 0.9966 0.85 2.83 4.5 6.9 459
12 endosulfan II 3-5000 0.9978 0.87 2.90 3.7 6.4 432
13 p.p’-DDD 3-5000 0.9979 0.73 243 5.8 7.1 493
14 endrin aldehyde 5-5000 0.9972 1.45 4.83 4.2 52 482
15 endosulfan sulfate 10-10000 0.9969 3.21 10.72 43 6.3 425
16 p,p’-DDT 10-10000 0.9991 3.12 10.42 49 6.5 488

Table 2

Results for the analysis of OCPs in honey.
OCPs Honey 1 Honey 2 Honey 3

Found (ngkg=!) R2(RSD)(%) RP (RSD) (%)

Found (ngkg~1)

R? (RSD) (%) RP(RSD)(%) Found(ngkg~!) R?(RSD)(%) RP(RSD)(%)

a-HCH 10.1 80.4 (3.2) 78.8 (4.2) -
B-HCH - 88.5(4.6) 85.9(5.3) -
y-HCH 19.4 79.7 (3.8) 91.4(4.8) -
8-HCH - 87.0(3.9) 93.2 (6.0) -
heptachlor - 92.7 (4.4) 89.5(4.7) -
aldrin - 98.6 (5.6) 88.8(3.8) -
heptachlor epoxide - 101.0(3.9) 80.0 (4.2) -
endosulfan | 133 85.6 (4.7) 101.1(6.8) -
p,p’-DDE - 104.1(53) 94.2(5.1) -
dieldrin - 93.2(2.9) 92.2 (4.8) -
endrin - 95.6 (6.1) 82.6 (3.5) -
endosulfan Il isomer B - 89.7 (4.8) 84.9(5.4) -
p,p’-DDD - 106.0 (6.4) 94.1(4.8) -
endrin aldehyde - 94.3 (5.5) 88.7 (4.9) -
endosulfan sulfate - 88.8 (4.9) 96.9 (8.1) -
p,p’-DDT - 98.5(5.2) 99.7 (3.7) -

(
88.9(5.7)  913(52) - 85.4(4.6)  92.9(5.4)
91.5(44)  89.0(7.2) - 93.7(72)  82.1(47)
86.7(45)  88.6(39) - 942(53)  84.6(5.1)
972(38)  925(54) - 845(4.1)  87.0(7.5)
889(5.1)  93.7(45) - 91.6(58)  953(32)
92.1(40)  827(68) - 873(55)  91.7(5.3)
94.6(7.6)  924(48) - 80.1(4.7)  93.4(4.6)
903(49)  869(50) - 935(44)  88.2(5.0)
97.4(46)  921(47) - 95.9(5.8)  103.6(4.3)
84.7(65)  872(51) - 92.8(6.0)  89.7(5.3)
91.8(52)  938(3.7) - 88.0(43)  92.5(4.9)
93.0(62)  835(43) - 942(49)  90.1(4.9)
111.1(3.7) 969(61) - 102.3(5.6) 95.7(3.8)
89.2(43)  956(7.3) - 85.1(5.7)  87.8(5.6)
856(5.1)  102.0(56) - 93.4(42)  94.3(6.0)
103.4(5.4) 92.3(44) - 97.6(38)  116.2(4.1)

2Recovery, spike at 50 ngkg !
bRecovery, spike at 500 ng kg~!

Table 3

Comparison of the proposed MSPE method with other SPE-based techniques for determination of OCPs in honey.

Method Adsorbent type LOD (pgkg™") Extraction time (min) Recovery (%) RSD (%) Adsorbent Amount (mg) Ref.
SPE-GC/ECD Florisil 04-2 - 77.31-105.22 - 2000 [35]
SPE-GC/ECD C;5 octadecyl 0.05-0.2 - 48-125 2-13 360 [36]
SPE-GC/MS Cyg octadecyl 3-20 - 79-98 3-18 500 [37]
SPE-GC/FPD EXtrelut NT 20 0.2-8.0 - 66-93 2-19 - [38]
DSPE3-GC/ECD PSAP 20-50 - 80.7-114.5 2.5-21.9 400 [39]
SPE-GC/ECD SPE-Visiprep DL 0.1-0.6 - 63.4-94 5-15 - [40]
SPME-GC/AED® PDMS/PA4 0.02-0.08 20 Average 91.4 7.5-11.3 - [12]
MSPE-GC/ECD CoFe;04-MWCNTs 1.3-3.6 (ngL 1) 40 83.2-128.7 2.1-6.4 10 [41]
MSPE-GC/ECD 3-CD/MRGO 0.0005-0.0032 3 78.8-116.2 3.3-7.8 15 This work

aDispersive solid phase extraction.

bPrimary secondary amine bulk sorbent.
¢Atomic emission detection.

dPDMS: Polydimethylsiloxane, PA: Polyacrylate.

ppt) to pptrange for the proposed method were obviously consider-
able in comparison with other methods. The rapidity was the other
significant benefit of the presented method that was the result
of combining direct addition of adsorbent to the sample solution
and vortex agitator, leading to increase the contact between the
adsorbent and analytes. This also makes the SPE procedure easier
to treatment of large sample volumes and avoiding channeling or
blocking of cartridges. In addition, the amount of adsorbent was
considerably low in compared with SPE techniques which is an

important benefit as it greatly reduced the analysis cost. These
results confirmed that this method is a very fast, sensitive, reliable
and efficient sample preparation technique for OCPs analysis.

4. Conclusion

In this research, a novel and simple approach was successfully
developed to synthesis of 3-CD/magnetic reduced graphene oxide
hybrid composite in one step using nontoxic reagents. The analysis
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results of XRD, SEM, FT-IR, Raman and VSM indicated the successful
synthesis of 3-CD/MRGO nanocomposite. The prepared nanocom-
posite was then employed as adsorbent for analysis of the OCPs
residues in honey using a vortex-assisted MSPE method. Large
surface-to-volume ratio of GO, magnetic convenience separation
of adsorbent and strong supramolecular recognition and enrich-
ment capability of 3-CD molecules resulted in developing a simple
and fast sample preparation method for OCPs extraction with good
analytical features (acceptable extraction recovery, very low detec-
tion limits and satisfactory repeatability and reproducibility). The
rapidity of the method was due to the combination of direct addi-
tion of the adsorbent to the solution and using vortex agitator that
extremely increases the contact area between the adsorbent and
analytes. Moreover, the nanomaterial could be easily regenerated
and reused several times without loss of extraction recoveries that
is an important issue in SPE-based techniques in term of economy
and environment friendly. Owning to the non-polar characteristic
of OCPs, the main driving force for the molecular binding on 3-
CD/MRGO was a hydrophobic interaction for the formation of the
OCPs inclusion complexes with 3-CDs. The shape/size selectivity of
DDT and its metabolites (DDD and DDE) was also responsible for
the molecular recognition by the 3-CD/MRGO. The results demon-
strated that the vortex-assisted MSPE based on 3-CD/MRGO hybrid
composite can be used as a valuable tool for extraction and pre-
concentration of the ultra-trace levels (sub- ppt to ppt) of OCPs
residues in honey samples. The 3-CD/MRGO hybrid nanomaterial
can also offer promising application potential as a biocompatible
and nontoxic green sorbent for separation/enantioseparation of
other organic contaminants during environmental pollution pre-
treatments.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.chroma.2017.01.
035.
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