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Molecularly imprinted polymer (MIP) coated Fe;O4 nanoparticles (Fe;O4@MIP) were synthesized by
atom transfer radical polymerization (ATRP) and used as highly selective magnetic solid-phase
extraction (MSPE) sorbents for trace bisphenol A (BPA) from packed food. The morphological and
polymeric characteristics of the Fe;O4,@MIP were characterized by transmission electron microscopy
and Fourier transform infrared spectroscopy. In this work, competitive recognition compounds (4-n-
octylphenol and bisphenol A diglycidyl ether) exhibited lower binding capability to the Fe;O,@MIP
than BPA. A high performance liquid chromatography with fluorescence detection (HPLC-FLD)
method was developed for the determination of BPA in canned orange and milk samples. The main
factors influencing the extraction efficiency, including high specificity, the amount of surfactant, the
shaking time and the desorption ability of complex food matrices were investigated and optimized.
Various parameters such as the pH of thesample, the amount of Fe;O4@MIP sorbent, the extraction
time, and the desorption conditions were optimized. Notably, the extraction can be carried out quickly,
and the extraction time for BPA onto Fe;O04@MIP sorbents can be clearly shortened to 5 min. Good
linearities (2 > 0.9965) for all calibration curves were obtained, and the limit of detection (LOD) for
BPA was 0.1 and 0.3 ng mL™" in canned orange and milk samples, respectively. To the best of our
knowledge, this is the first time that surface molecularly imprinted polymer nanoparticles have been
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used for the pretreatment of packed food.

Introduction

During the last decade, there has been a worldwide scientific and
public discussion about the potential consequences of long-term
dietary exposure to endocrine disrupters. Among these
substances, bisphenol A (BPA) is mainly used as a monomer in
the production of epoxide resins and polycarbonate plastics, and
as an antioxidant or stabilizer in PVC plastics, while the major
types of interior can coating are made from epoxy resins. Food
packaging mainly consists of metal cans and PVC plastic. The
migration of BPA from interior can coating and PVC products
into food could affect human health.!* Several analytical
methods have been reported for the quantification of BPA in
packed food, such as HPLC/UV,* LC/MS* and GC/MS.?
Generally, for chromatographic analysis of small molecular
compounds in packed food such as milk and canned food,
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sample pretreatment is required to clean up the sample before
injection. A literature survey reveals that there have been
a number of pretreatment methods for analysis of BPA in packed
food components, such as liquid-liquid phase extraction (LLE)®
and solid-phase dispersion (SPE).” However, these methods still
have some limitations or shortcomings, such as the need for
sample dilution and incomplete protein precipitation. Compared
with traditional LLE and SPE, magnetic solid-phase extraction
(MSPE) has many obvious advantages including low consump-
tion of organic solvents, high breakthrough volume, easy elution
of analytes and a simple cleanup step. Moreover, MSPE need not
be packed into the SPE cartridge. However, in most cases, novel
MSPE methods can not recognize and specially bind the target
molecule. Novel MSPE methods have been developed based on
magnetic nanoparticles modified by hemimicelles*"* or meso-
porous SiO,,* carbon,'® Zr0O,,' TiO,'” and Al,05,"® ! which can
adsorb target compounds through electrostatic attraction, ion-
exchange, hydrophobic/hydrophilic and polar/nonpolar interac-
tions. Novel magnetic nanoparticle MSPE sorbents with high
specificities, simple preparation processes, high adsorption effi-
ciencies and low cost should be developed for food analysis.
Molecular imprinted polymers (MIP) are a promising and
facile separation material to produce molecule-specific
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recognition sites in synthetic polymers that selectively bind
template molecules.?**2 If a thin layer of MIP is covered onto the
surface of magnetic nanoparticles to form MIP coated Fe;Oy4
nanoparticles (Fe;04@MIP) SPE sorbents, the specific combi-
nation problem should be overcome. Moreover, the nanoscale
Fe;04@MIP SPE sorbents combine strong recognition ability of
materials, superparamagnetism of magnetic materials, and high
surface area of nanomaterials. However, traditional MIP tended
to have sharp-edged, irregular MIP areas and recognition sites
within the polymer bulk, and did not form uniform MIP shells
for practical MSPE application.?®* The new report by Qin** et al.
avoided solution polymerization and resulting gelation
compared with traditional MIP. Atom transfer radical poly-
merization (ATRP) has been proposed as a new surface
imprinting technology,>>” which is a new class of controlled
living radical polymerization.?® Compared with the present MIP,
the thickness of MIP on Fe;O4 nanoparticles can be well
controlled by the ATRP reagent.

Gai et al. have grafted magnetic particles with MIP by ATRP
for highly selective adsorption and recognition of protein.? Lu
et al. have synthesized MIP coated nanoparticles via surface
imprinting technology, which can be directly used in separating
sorbent assays.3*32 However, these previously reported methods
are simply applied to detection in water. To the best of our
knowledge, there is no report about the application of
Fe;04@MIP nanoparticles prepared by ATRP as MSPE
sorbents for food analysis.

Herein, we report the preparation and characterization of
Fe;04@MIP nanoparticles and their potential application in
canned orange and milk samples. Extraction conditions
including the pH of the solution, amount of nanoparticle
sorbent, equilibrium time, and desorption conditions were opti-
mized. By coupling this MSPE technique with HPLC with
fluorescence detection (FLD), a highly selective and sensitive
MSPE-HPLC-FLD analytical method was established.

Experimental
Materials and reagents

The standards of bisphenol A (BPA), 4-n-octylphenol (4-n-OP)
and bisphenol A diglycidyl ether (BADGE) were purchased from
Dr Ehrenstorfer (Augsburg, Germany). HPLC-grade meth-
anol (E. Merck, Darmstadt, Germany) was used for HPLC
analysis. 3-Amino-propyltrimethoxysilane, 1,1',4,7,7'-pentam-
ethyldiethylenetriamine (PMDETA), 4-VP, ethylene and glycol
dimethacrylate (EGDMA), tetraethyl orthosilicate (TEOS) were
obtained from J&K Chemical (Tianjin, China). 2-Bromoisobu-
tyrylbromide and ferric chloride (FeCls-6H,O) were supplied by
Acros (New Jersey, USA). 2-Bromoisobutyrylbromide and CuBr
were obtained from Sigma-Aldrich (St. Louis, MO, USA). All
the other reagents were of analytical grade, including acetoni-
trile, triethylamine, zinc acetate, potassium ferrocyanide and
acetone. Milli-Q ultrapure water (18.2 MQ) was used in all
experiments.

Apparatus

The Fe;O04@MIP composite was characterized using a JEOL
JEM-3010 transmission electron microscope (Jeol, Japan).

FT-IR spectra were obtained with a Thermo Nicolet 670 FT-IR
instrument (Thermo, USA). Chromatographic analysis was
carried out on an Agilent 1200 LC system (Agilent, Germany)
equipped with automatic injector and fluorescence detection
(FLD).

Preparation of Fe;O04@MIP composite

The magnetic nanoparticles (FesO4) were prepared through
a solvothermal reaction. 2 g of FeCls-6H,O was dissolved in
ethylene glycol (60 mL) to form a clear solution, followed by the
addition of NaAc (4.8 g) and polyethylene glycol 4000 (1.5 g).
The mixture was stirred vigorously for 2 h and then sealed in
a Teflon-lined stainless-steel autoclave (100 mL capacity). The
autoclave was heated at 210 °C for 12 h, and then allowed to cool
to room temperature. The black products were washed several
times with ethanol and dried in vacuum at room temperature
for 6 h.

0.30 g of Fe;O,4 particles (~150 nm in diameter) were
treated with 0.1 M HCI aqueous solution (100 mL) by ultra-
sonication. After 10 min, the magnetite nanoparticles were
separated and washed with deionized water, and then homo-
geneously dispersed in a mixture of ethanol (120 mL), ultra-
pure water (30 mL) and concentrated ammonia aqueous
solution (1.5 mL, 28 wt.%), followed by the addition of
tetraethyl orthosilicate (TEOS, 3 mL). After stirring at 20 °C
for 16 h, the Fe;0,@SiO, nanoparticles were washed with
ethanol and water and dried under vacuum at room
temperature for 6 h.

Dried Fe;0,@SiO, (200 mg), 3-amino-propyltrimethox-
ysilane (1 mL) and absolutely dry toluene (40 mL) were mixed
in a boiling 3-neck flask under nitrogen atmosphere. With
mechanical stirring, the mixture was allowed to react at
a constant temperature of 90 °C for 48 h, and the nanoparticles
produced were separated from the mixture by a magnet (Nd—
Fe-B, 60 x 60 x 30 mm). The product was washed 5 times
with toluene then 5 times with methanol. Amino-modified
Fe;0,@Si0, (200 mg), toluene (20 mL), triethylamine
(500 pL), and a catalytic amount of DMAP (500 mg) were
added individually into a conical flask. Then 2-bromoisobu-
tyrylbromide (400 pL) was added, and the mixture was kept
first at 0 °C for 2 h and then at room temperature for 24 h. The
product was separated from the mixture by a magnet. For
purification, the Fe;04@SiO,@Br was washed 5 times with
dichloromethane.

The preparation of Fe;O4@MIP nanoparticles was per-
formed in a conical flask containing 50 mg of Fe;04@SiO,@Br
suspended in a polymerization mixture consisting of CuBr
(14.4 mg), 1,1',4,7,7 -pentamethyldiethylenetriamine (6.25 mL),
the functional monomer 4-VP (630 pL), the cross-linking
monomer EGDMA (30 mmol), and template bisphenol A
(228 mg) dissolved in 15 mL acetonitrile. After sealing, mixing,
and purging the mixture with nitrogen, the flask was placed in
a termperature-controlled oil bath at 70 °C with mechanical
stirring for 24 h. The reaction product was then separated from
the polymerization mixture by a magnet. The control
Fe;04@NIP nanoparticles were prepared and washed using the
same procedures as above but without the addition of the
template bisphenol A.
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SPE procedure

Fe;04@MIP extraction of all samples involved in this study was
carried out in 50 mL centrifuge tubes. A sample volume of 20 mL
was adopted throughout the study. The canned orange sample
was diluted to 30 mL with phosphate buffer at pH 8.9. The milk
sample, diluted to 30 mL with phosphate buffer at pH 8.9, was
added to 500 pL zinc acetate (1 M) and potassium ferrocyanide
(0.2 M), respectively, to remove the protein.

After being shaken for 1 min and centrifugated at 7500 r min~"' for
3 min, the supernatant was collected, and the precipitated protein was
rinsed twice with 2 mL methanol. Then the supernatant, the eluate
and 15 mg of Fe;04@MIP were mixed and diluted to 50 mL, with the
pH adjusted to ~8.9. The mixture was shaken for 3 min. After
standing for 10 min, Fe;O,@MIP was separated rapidly from the
solution with an external magnet. After discarding the supernatant
solution, the analytes were eluted from the isolated particles four
times with 2 mL methanol (containing 0.6% acetic acid, v/v). The
methanol desorption solvent was then filtered through a 0.22 pm
membrane filter and was ready for LC-FLD analysis. The Fe;O4@-
MIP preparation and extraction process was illustrated in Scheme 1.

LC-FLD analysis

A Waters C18 column (250 mm x 4.6 mm ID, 3.5 um) was used for
LC separation. The mobile phase was composed of A (water)-B
(methanol) with a gradient elution (0-10 min, isocratic conditions
with 30% of methanol). Other analysis conditions were as follows:
column temperature, 25 °C; flow rate, 1.0 mL min~'; injection
volume, 10 pL. The detection wavelengths were selected as 275 and
305 nm for excitation and emission, respectively. Samples were
filtered through a 0.22 pm membrane prior to injection.

Results and discussion
Characterization of Fe;O,@MIP

Previous research has shown that dense polymer shells with
tunable thickness can be easily grafted from the surfaces of solids
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Scheme 1 The preparation of Fe;O,@MIP and its application for
enriching the active compounds as an MSPE sorbent.

or nanoparticles with controlled behavior via surface initiated
ATRP. The resulting superparamagnetic surface-imprinted
nanoparticles (designated Fe;O4@MIP) were characterized by
transmission electron microscopy (TEM). From the TEM
images (Fig. 1B and C), a polymer shell with well defined shape
and configuration was readily observed on the surface of
Fe;0,4@Si0, nanoparticles with light contrast. The polymer shell
had an average thickness of about 20-40 nm and appeared to be
uniform.

It is important that the adsorbents should possess super-
paramagnetic properties to realize rapid separation in a magnetic
field. Fig. 2 shows the magnetization curves of Fe;04, Fe;04@
SiO, and Fe;04@MIP at room temperature. All Fe3Oy,
Fe;0,@Si0, and Fe;0,@MIP  exhibit typical super-
paramagnetic behavior with no hysteresis, remanence and coer-
civity. The maximal saturation magnetizations of Fe;Oy,
Fe;0,@Si0, and Fe;O4,@MIP are 69.45, 55.49 and 35.78 emu
¢!, respectively. The decrease in maximal saturation magneti-
zation of Fe;04@MIP results from the nonmagnetic SiO, and
MIP shell. Ji et al. have reported that magnetic molecularly
imprinted polymers were prepared by miniemulsion polymeri-
zation with a saturation magnetization of 18 emu g~'.* The
saturation magnetization of the Fe;O4,@MIP prepared here is
higher in comparison due to the smaller particle size of
Fe;04@MIP. Once the external magnetic field is taken away,
these sorbents can redisperse rapidly.

FT-IR spectra of Fe;04, Fe;04,@Si0,, and Fe;O4@MIP were
obtained to verify that the expected products were obtained (see
Fig. 3). The characteristic band of Fe-O appeared at about
582 cm™' in each spectrum. The Si-OH vibration peak at
952 cm~! and the Si-O-Si vibration peak at around 1094 cm™!
were also observed, indicating that the SiO, shell was indeed
coated onto the surfaces of Fe;0,4 nanoparticles. An intense peak
at 1405 cm™! proved that C-N from pyridyl existed in the poly-
mer. Upon comparing Fe;04,@MIP to Fe;04@Si0,, the inten-
sity of the C—H adsorption band at 2926 cm™! is clearly greater
for Fe;04,@MIP; moreover, Si—-OH of the silica shell vanished
for Fe;04@MIP. Such results confirmed that the polymerization
was successful.

Evaluation of adsorption capacity and specificity of
Fe304@MIP

The adsorption capacity and selectivity are important factors in
the evaluation of the MIPs. BPA, BDAGE, and 4-OP solutions
within the concentration range of 0.05-0.5 mg mL~' were
studied. As shown in Fig. 4, the amount of adsorbed BPA
increased with increasing initial concentration of BPA solution.
The static adsorption capacity of the Fe;O04,@MIP sorbent for
BPA was calculated as 0.3 mg mL~'. The static adsorption
capacity of the Fe;04@MIP sorbent was about three times that
of the Fe;O4@NIP sorbent. To further evaluate the specificity of
the Fe;04,@MIP nanoparticles, the binding of several structur-
ally related compounds to Fe;O4@MIP nanoparticles was
studied and compared. All the evaluated compounds exhibited
lower binding capability to Fe;O,@MIP nanoparticles than the
original template. In general, the Fe;O4@MIP possesses both
specific and nonspecific binding sites, while the Fe;O04@NIP only
has nonspecific binding sites, which enables the Fe;O4,@MIP to
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Fig. 1 TEM images of magnetic Fe;0,4 nanoparticles (A), Fe;0,@SiO; (B) and Fe;04@MIP composites (C).
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Fig. 2 VSM magnetization curves for Fe;0, Fe;04@SiO, and
Fe;0,@MIP.

take up more BPA than the Fe;O4@NIP. The results showed
that the Fe;04@MIP sorbent had a higher adsorption capacity
for BPA than other ordinary sorbents. So, the Fe;0,@MIP
sorbent would be better for the enrichment of trace BPA in
samples.

In order to verify that the Fe;O4,@MIP was selective for BPA,
two different analogues (BADGE and 4-OP) were selected to test
the binding characteristics of the Fe;O4@MIP and the
Fe304@NIP. As shown in Table 1, the specificity of Fe;0,@MIP
was estimated by measuring the distribution coefficients,
imprinting factors, and selectivity coefficients of BPA and its
analogues.

(b)Fe,0,@Si0,

T(%)

(c)Fe,0,@MIP

T T - T - T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'")

Fig. 3 FT-IR spectra for Fe;0,4, Fe;04@Si0,, and Fe;O,@MIP.
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Fig. 4 Amount of bisphenol A bound by (A) Fe;0,@MIP and (D)
Fe;04,@NIP; amount of bound BDAGE by (B) Fe;0,@MIP and (E)
Fe;04,@NIP; amount of bound 4-OP by (C) Fe;O,@MIP and (F)
Fe;04@NIP.

The distribution coefficients, K, of the selected BPA between
the polymeric particles and the solution was calculated by use of
the formula:

K= CJC,

where C, is the amount of target molecules bound by the
Fe;04@MIP and C; is the concentration of target molecules
remaining in solution. Additionally, the imprinting factor (IF)
and selectivity coefficient («) were generally used to evaluate the
selectivity properties of the imprinted and control NP toward
BPA and the structurally related compounds BADGE and 4-OP.
IF and o were calculated by use of the formulae:

Imprinting factor IF = Ki/K,

Selectivity coefficient o = IFppa/IF;

where K; and K. represent the distribution coefficients of the
analyte for the imprinted and control NP. IFgpp and IF; are the
imprinting factors for BPA and its analogues.

Table 1 showed that the distribution coefficient, imprinting
factor, and selectivity coefficient for BPA were much higher than
for its analogues BADGE and 4-OP. The imprinting factor of
BPA was almost two and four times higher than that of BADGE
and 4-OP, respectively. These results verified that Fe;0,@MIP
was highly specifically for BPA.
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Table 1 The distribution coefficients, imprinting factors, and selectivity coefficients of BPA and its analogues for the imprinted and control NP*

Target Kyip Knip IF o

BPA 213.74 + 3.69 38.78 + 0.41 5.51 £0.43 —

BADGE 78.24 £+ 1.35 29.21 +£0.33 2.68 £ 0.065 2.06 £ 0.011
4-OP 37.77 £ 0.65 26.63 + 0.47 1.42 + 0.043 3.89 £+ 0.008

“ In this experiment, 50 mg imprinted and control NP were incubated in a mixed solution of BPA, BADGE, and 4-OP at concentrations of 0.1 mg mL~!

for 10 min at 25 °C (n = 3).

Optimization of extraction conditions

Effect of solution pH. Solution pH plays an important role in
the adsorption of target compounds by affecting the existing
form of target compounds and MIP. In this study, we placed
MIPs at a amount of 25 mg in contact with a standard solution
containing the analytes at 100 ng mL~"in a buffer at pH 3.2-11.0
for 30 min. As shown in Fig. 5A, a large drop in the recovery was
observed at a pH value of 3.2 or 11.0. At low pH, some of the

A

Recovery(%)

2 4 6 8 10

C pH value

12

MIPs could be degraded, and at high pH, the polarity of the
target molecule and hydrophobic interactions could be increased,
which reduces the enrichment efficiency. The state of BPA in the
sample was influenced by the pH. Under weakly alkaline
conditions, most of the BPA was in a molecular state, enhancing
adsorption by the Fe;O4@MIP sorbent. Hydrogen bonding
could also contribute to the molecular recognition. The
adsorption ability was highest near pH 8.9. Thereby, pH 8.9 was
selected for subsequent experiments.
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Fig.5 Effects of (A) the pH of the sample, (B) the mass of sorbent, (C) the adsorption time, (D) the amount of HAc in the eluent and (E) elution volume
on the extraction efficiency. Tests were carried out with 50 mL of a purified water sample spiked with 100 ng mL~' BPA.

This journal is © The Royal Society of Chemistry 2011

Anal. Methods, 2011, 3, 1737-1744 | 1741


http://dx.doi.org/10.1039/c1ay05206c

Published on 08 July 2011. Downloaded by Duke University on 27/04/2018 12:24:43.

View Article Online

Table 2 Analytical parameters of the proposed method for determining BPA in canned orange and milk samples, as well as LODs of the methods

reported in previous studies

LODs obtained in

Sample Linear range (ng mL™") Linearity (R%) LOD“(ng mL™") RSD’(%) RSD(%) previous works? (ng mL™")
Canned orange 0.5-100 0.9987 0.1 6.4 10.5 457 2.0 (Honey),*®

less than 1.0 (Wine)®
Milk 1-100 0.9965 0.3 8.9 12.6 0.7,% 0.24!

“ LOD for the present method, based on the signal being three times as large as the baseline noise (S/N = 3). ® Intraday and n = 5. ¢ Interday and n = 5.

4 LODs of methods reported in the references listed in the column.

Effect of amount of Fe3;O,@MIP sorbents. During the
extraction procedure, the Fe;04,@MIP sorbent was dispersed in
the water to rebind analytes. The minimum amount of sorbent
required for efficient recovery was then investigated. Amounts of
Fe;04@MIP sorbent ranging from 0.05 to 0.5 mg mL~" were
applied to 100 mL samples. It was found that 0.3 mg mL~" of
sorbent enabled almost complete recovery of BPA, and
increasing the amount of sorbent beyond this level could not
produce any improvement in the recovery (Fig. 5B). Therefore,
the amount of sorbent used was fixed at 0.3 mg mL~". After each
extraction, the sorbent was easily recovered by rinsing with
methanol. The recycling of the sorbent was then studied, and the
results showed that the sorbent can be used at least 5 times with
the same extraction efficiency.

Effect of extraction time. The extraction procedure includes
three steps: adsorption, isolation, and desorption. The total time
required for extraction is a key factor in the efficiency of the
assay. As described for the MSPE procedure, the interaction
between BPA and the sorbent is promoted by agitation. The
effect of adsorption time was studied by varying the stirring time
(0-20 min). Fig. 5C indicates that 3 min is sufficient to achieve
a complete recovery. After the adsorption stage, the Fe;O0,@
MIP in suspension can be isolated in 1 min using an external
magnet. The adsorption time of Fe;O4,@MIP is shorter than that
of ATRP-MIP* and other magnetic-MIP,?* which may arise

BPA:
Py

Intensity (mV)

o
[N}
s
(=2}
(=
=]

Time (min)

Fig. 6 MSPE/FLD chromatograms for (a) a real canned orange sample
(BPA 1.27 ng mL~") and (b) a spiked canned orange sample (BPA 20 ng
mL™).

since thin MIP layers of Fe;O4@MIP have the potential to
overcome mass transfer limitations. The whole extraction
procedure can be accomplished within 5 min, which is superior to
conventional SPE.? solid-phase microextraction,?* and stir bar
adsorptive extraction.

Effect of desorption solvent and volume. It is believed that the
MIPs ability to adsorb analytes may be primarily due to the
dramatic hydrogen bonds between BPA and pyridyl. A small
amount of acetic acid allows the disruption of hydrogen bonding
without any major impact on the polymer morphology.3¢ In this
study, an elution solvent of methanol containing acetic acid (0-
1.4%, v/v) was evaluated. As can be seen from Fig. 5D, the
recovery barely changed as the proportion of acetic acid was
increased further, from 0.6% to 1.4%. Therefore, 0.6% acetic acid
was used in subsequent experiments.

Theoretically, the greater the volume of eluent, the more
completely the analytes are eluted from the adsorbent. In the
view of economy and environmental protection, it is necessary to
optimize the elution volume. As shown in Fig. S5E, when the
methanol volume ranged from 0.5 to 2 mL, the recovery of
analytes increased dramatically and reached a maximum when
the volume was above 2 mL. So, it was concluded that 2 mL
eluent was enough to remove the analytes from the adsorbent.

Analysis of milk and canned orange samples. HPLC-FLD
provided an efficient tool for sensitive and selective

s BPA
E ~
2
w
=4
2
E
b __fJ
BPA
—/"J 3
a
T T T T T T T T T T T d
0 2 4 b6 8 10
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Fig.7 MSPE/FLD chromatograms for (a) a real milk sample (BPA 0.81
ng mL™") and (b) a spiked milk sample (BPA 20 ng mL™").
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determination of BPA from canned orange and milk samples.
Matrix effects, including pH, protein precipitation and dilution,
were eliminated before performing the MSPE procedure. The pH
in canned orange was changed by buffer. The protein in milk was
precipitated by zinc acetate and potassium ferrocyanide, and the
precipitated protein was rinsed with methanol to avoid the
adsorption of BPA onto it. The supernatant and the eluate were
pooled and further diluted to reduce matrix effects. BPA was
analyzed under the above-optimized conditions. Under the
HPLC conditions described in section 2, BPA was eluted at
5.2 min in a clear peak. The chromatograms confirmed that BPA
in spiked canned orange or milk were enriched by the Fe;04@-
MIP and can be recovered by washing. Therefore, the applica-
bility of Fe;O4@MIP for the extraction of BPA from canned
orange and milk has been demonstrated.

To evaluate the accuracy and application of the developed
method, milk and canned orange spiked with BPA were
analyzed. At each concentration, five measurements were per-
formed (Table 2). The calibration curves for canned orange and
milk ranged from 0.5 to 100 ng mL~" and from 1 to 100ng mL ",
with R? values of 0.9987 and 0.9965, respectively. Recovery tests
were performed at three spiked levels (5, 20, and 100 ng mL™") to
evaluate the accuracy of the method. The recoveries of BPA from
canned orange and milk were in the range of 83-107% and 72—
113%, respectively. The relative standard deviations (RSD) were
less than 13% for all the targets tested, and the LODs were less
than 0.3 ng mL~! (estimated relative to the density of milk, S/N =
3). It could be seen that the proposed method has a lower LOD
than most of the SPE-LC-MS methods,’** and the method
involving LLE-HPLC-FLD?*” (Table 2).

The BPA contents of five canned orange and pure milk
samples purchased from a market were determined using the
present method. Chromatograms of the real and spiked canned
orange and milk samples are shown in Fig. 6 and Fig. 7. BPA was
found in these samples at levels of 0.41-1.34 ng mL~". The can-
ned orange and milk were probably contaminated by the plastic
packaging and the paint of the can wall, respectively, or the BPA
may have found its way into the packed food in a variety of ways.
The levels of BPA found in this study are much lower than the
European Union migration limits of 3 mg kg~' for food.?

Conclusion

In this research, superparamagnetic Fe;O4@MIP sorbents were
successfully synthesized and applied for the enrichment of BPA
from large volumes of packed food samples. Compared with
traditional SPE methods, this SPE method has the following
merits: (a) superparamagnetic Fe;O4@MIP sorbents can be
dispersed directly in packed food samples to extract analytes,
then collected and eluted with the aid of a magnet, which avoids
time-consuming packing of the SPE column and filtration
operation. (b) The Fe;04@MIP can adapt to the complex food
matrix, which owes much to the SiO, and MIP shell. (c) The
Fe;O4@MIP sorbents combine the advantages of nanoparticles
and MIPs. The large surface area of nanomaterials and good
selectivity of MIPs result in high adsorption capacity and specific
extraction for target compounds, therefore, satisfactory results
are achieved using a lower amount of Fe;O4,@MIP sorbents than
common sorbents. This research has been applied to determine

the BPA contents of canned orange and milk samples. The
proposed method could thus be a promising alternative for
assaying complex food samples.
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