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Abstract A solid-phase extraction (SPE) method for
sample cleanup and preconcentration of bisphenol A in
Iranian milk packages and its determination by HPLC-UV
is presented. Optimum conditions for SPE were 10 cm®
water/methanol (80:20, v/v) at pH 7 as washing solvent and
4 cm® methanol for elution, providing good cleanup and
high recovery (>97%) for the analyte. Maximum loading
capacity and breakthrough volume for the SPE were
600 pg and 750 cm® of 5 ng/ml for bisphenol A, respec-
tively. The best mobile phase used for HPLC was water/
methanol (30:70, v/v) at pH 6.5 (adjusted with phosphate
buffer) at 25 °C. The limit of detection, linear range, and
repeatability of retention time and peak height were 0.039,
0.50-50.0 pg/em® (2 > 0.99), 3.2, and 2.4%, respectively.
Recoveries of bisphenol A ranged between 97 and 102%.
Precision of the overall analytical procedure was estimated
by five replicate measurements for bisphenol A in milk
samples and ranged from 0.472 to 1.014 mg/dm”.

Keywords Bisphenol A - Milk - Solid-phase extraction -
HPLC-UV

Introduction

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane, BPA,

Fig. 1) is a member of the class of diphenols in which two
phenolic rings are joined together through a bridging
group, in this case isopropylidene [1]. BPA is a primary
raw material used for the production of polycarbonates,
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epoxy resins, phenolic resins, polyesters, and polyacrylates
[2]. Bisphenol A is also used as a stabilizing material or
antioxidant for many types of plastics, such as poly(vinyl
chloride) [3]. Polycarbonates (PC) are characterized by
great strength, stability, elasticity, and low density. For
these reasons, they have widely been used for the pro-
duction of food and pharmaceutical packaging, bottles for
infants, kitchen utensils, medical equipment, computers,
electronic devices, and in the production of dental fillings
[4-7]. BPA residues were detected in food products stored
in packages made of PC [§].

Recent research indicates that BPA and its derivatives
have high potential as endocrine disruptors in humans and
wildlife [9]. In addition, it was reported that BPA exhibits
estrogenic activity in vitro at concentrations of 10-25 nM
(2-5 ng/em?), competing with [*H]estradiol for binding to
estrogen receptors from rat uterus [10]. It was established
that BPA can be liberated from PC containers and migrate
into the food products kept in them [11]. Hence, the
potential adverse effect of BPA on human health through
beverage and food consumption has generated great con-
cern during recent years.

Several analytical techniques were developed to allow
HPLC-based determination of BPA, e.g., microwave-
assisted extraction and centrifugation [12], liquid-liquid
extraction [13], soxhlet [14], and alkaline digestion fol-
lowed by SPE [15]. The SPE strategy comprises the
isolation and preconcentration of the analyte from a com-
plex matrix by adsorption onto an appropriate sorbent,
removal of interfering impurities by washing with a suit-
able solvent system, and selective recovery of the retained
analyte with a suitable solvent. BPA has usually been
measured by means of chromatographic techniques, mainly
HPLC [16-18] with MS [19-21], more frequently, fluo-
rescence [22-26] and UV detection [27].
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Fig. 1 Structure of BPA (MW o
228.29)
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Although fluorescence is one of the more frequent
detection methods used for determination of BPA, it usu-
ally requires a tedious sample preparation to increase the
selectivity and sensitivity to complex matrices. Moreover,
derivatization of BPA has been proposed to increase sen-
sitivity with fluorescence detection, but this adds further
extraction and reaction steps [28]. In contrast, GC-MS
allows identification with a high degree of confidence, but
a time-consuming derivatization step is required. Because
of its thermal instability, bisphenol A should be trimeth-
ylsilylated before GC analysis, but derivatization reactions
can cause problems, especially in the handling of natural
products. MS detection is complicated and it is difficult to
maintain high stability of analytical results, especially for
low concentrations of analyte [29, 30]. Additionally, this
detection method is not available everywhere and is
expensive.

This work presents a method for the determination of
BPA in Iranian milk packages by isocratic HPLC with UV
detection using solid-phase extraction. Appropriate condi-
tions for SPE (optimization of washing solution, selection
of a suitable solvent and its volume for elution of BPA,
maximum loading capacity, and breakthrough volume) and
HPLC (percentage of organic modifier, pH of mobile
phase, and temperature) were examined and used for
determination of BPA in packaged milk samples manu-
factured in Iran.

Results and discussion

Determination of breakthrough volume and maximum
loading capacity of solid-phase cartridge for BPA

The breakthrough volume of the cartridges was determined
by Hennion’s procedure [31]. Thus, 5 pg of a BPA stan-
dard was dissolved in 50-1,500 cm® of doubly distilled
deionized water (adjusted to pH 3 with concentrated HCI)
and passed through the cartridge. The maximum loading
capacity of solid-phase cartridges for adsorption of BPA
was determined by passing different volumes (10-
100 cm?) of 10 pg/em® of each aqueous standard solution
(adjusted to pH 3 with concentrated HCIl) through the
cartridge. In both cases, the retained analyte was eluted
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with 4 cm® methanol and dried by evaporation at 50 °C in
vacuo. The residue was reconstituted in 1 cm® methanol
and injected into the HPLC system. Figure 2 shows that the
breakthrough volume was 750 cm®. According to Fig. 3
the maximum loading capacity for BPA was 600 pg.

Optimization of solid-phase extraction

Isolation of BPA from the milk matrix is a prerequisite to
any chromatographic determination. Solid-phase extraction
using C,g is a simple technique which can be employed for
extraction of BPA from milk. Use of a carefully chosen
washing solution in the SPE process to provide a milk
extract free from interfering matrix components leads to
enhanced selectivity in the separation step and more
accurate determination. To achieve this purpose, the
washing solution must contain the appropriate amount of
organic solvent and highest possible pH (in the recom-
mended range for stability of the sorbent) to remove
interfering matrix components (fatty acids and other polar
compounds) without eluting the analyte. SPE parameters
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Fig. 2 Breakthrough volume of the cartridge. Conditions: sample
loaded 100-1,250 cm® of standard solutions containing 5 ug of BPA;
flow rate 2.4 cm®/min; cartridge RESPREP C,5. HPLC: mobile phase
water/methanol (30:70, v/v); pH 6.5; flow rate 1 cm®/min; column
Cig (250 x 4.6 mm, 10 pm); 4 282 nm; room temperature
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Fig. 3 Maximum loading capacity of RESPREP C;g cartridge for
adsorption of BPA. Conditions: sample loaded 10-100 cm® of
10 ppm BPA solution; flow rate 2.4 cm®/min; elution solvent 4 cm®
of methanol; other conditions similar to Fig. 2
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such as percentage of methanol in the washing solution and
its pH, type of elution solvent and its volume were
investigated.

For optimizing the washing solution, different percent-
ages of methanol in water at different pH ranging from 2.5
to 7.5 were examined. According to Fig. 4 the optimum
conditions for the washing solution were 20% methanol,
pH 7, and 10 cm?® washing solution volume.

To obtain a suitable solvent for elution of BPA from the
cartridge, different solvents such as methanol, acetonitrile,
ethyl acetate, diethyl ether, and acetone were examined.
The best elution solvent for BPA was found by using 5 cm?
of each solvent (Fig. 5a). The best recovery of BPA was
achieved by methanol. For determination of a suitable
volume of the elution solvent, different volumes (2, 4, 6, 8,
and 10 cm®) of methanol were used for elution of retained
BPA from the cartridge. The most suitable volume of
elution was 4 cm’ (Fig. 5b).

The optimum SPE conditions were evaluated in the
analysis of real samples. The recovery percentage of the
analyte in milk samples was measured by means of spiking.
The milk sample was spiked with 0.5 and 5.0 pg/cm’ of
BPA. The recoveries of BPA in the milk samples are
shown in Table 1.

Optimized conditions for determination of BPA in milk

In order to select a suitable mobile phase for determination
of BPA, methanol and acetonitrile were examined as
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Fig. 4 Selection of volume and pH of washing solvent for SPE using
HPLC. a Recovery against volume percentages of organic solvent;
b recovery against pH of washing solvent. Conditions: sample loaded
20 cm® of 2 ppm BPA solution; other conditions similar to Fig. 2
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Fig. 5 Selection of type and volume of elution solvent for SPE using
HPLC. a Recovery against type of organic solvent; b recovery against
volume of methanol. Conditions: sample loaded 20 cm® of 2 ppm
BPA solution; elution volume for a = 5 cm?; other conditions similar
to Fig. 2

Table 1 Recovery of BPA after SPE extraction

Aqueous Milk sample Milk sample
standard spiked at spiked at
2.0 pg/em’® 0.5 pgl/g 5.0 pg/g
(n=25) (n=23) (n=3)
98.5 £ 2.1 97.8 £ 2.8 101.4 + 3.1

Conditions: mobile phase water/methanol (30:70, v/v); pH 6.5; flow
rate 1 cm’/min; column Cig (250 x 4.6 mm, 10 pm); injection vol-
ume 10 mm3; A 282 nm; temperature 25 °C

Values are % recovery & SD

organic modifier. Methanol provided better results than
acetonitrile owing to the much more effective interaction
between methanol and analyte rather than acetonitrile.
Therefore, methanol was chosen as organic modifier in the
mobile phase. According to the nature of the analyte,
phosphate buffer (pH 3.0-7.5) was used. The best peak
shape was obtained by a mobile phase with phosphate
buffer at pH 6.5.

Determination of BPA in milk

Four different brands of packaged milk (purchased from
local supermarkets in Babolsar in November and Decem-
ber 2010) were used. The concentration of BPA in milk
samples was determined by five replicate measurements
using the standard addition method (n = 5). Table 2 pre-
sents the coating type of the food contact surface of the
packaged milk and the concentration of BPA found in the
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Table 2 Type of package and the concentration of BPA found in the
milk

Milk Body lacquer Concentration of BPA (mg/dm”®)
Brand A Epoxy resin 0.472 £ 0.043
Brand B Epoxy resin 0.617 £ 0.059
Brand C Epoxy resin 1.014 £ 0.066
Brand D Epoxy resin 0.702 £ 0.053

Conditions: mobile phase water/methanol (30:70, v/v); pH 6.5; flow
rate 1 cm’/min; column Cig (250 x 4.6 mm, 10 pm); injection vol-
ume 10 mm3; A 282 nm; temperature 25 °C

milk. BPA was identified by spiking the sample with
standard BPA and comparing its retention time with that of
the standard. Typical chromatograms of standard BPA,
milk sample, and spiked milk sample at optimum mobile
phase conditions are presented in Fig. 6.

There was a considerable difference between the
obtained results in comparison with previous studies that
report BPA concentrations in powdered milk and milk
between less than 1.7 and 15.2 ng/g [20] and 0.28 and
2.93 ng/g [32]. The results suggest that the levels of BPA
in Iran are likely to be of concern, according to the recently
established specific migration limit of 0.6 mg/dm®. How-
ever, considering that the estrogenic activity of BPA at low
levels is under discussion [33] and that milk is the main
nourishment of babies, determination of BPA in milk
samples is essential.

Figures of merit

Limit of detection (LOD), linear range (LR), and repeat-
ability of retention time and peak height (eight injections)
for BPA were determined. The limit of detection was
calculated on the basis of 3S,/m, where S, is the standard
deviation of blank and is equal to P-P noise when only
mobile phase was passed through the column for 45 min,
and m is the slope of the calibration curve. The calibration
curve was obtained by triplicate injection of standard
solution with a correlation coefficient of r* > 0.99. The
values of LOD, LR, and repeatability of retention time and
peak height for BPA were 0.039, 0.50-50.0 pg/cm®
(* > 0.99), 3.2, and 2.4%, respectively.

Conclusions

The combination of SPE and HPLC-UV analysis permitted
a sensitive, reliable, and rapid determination of trace BPA
in packaged milks. SPE parameters (selection of a suitable
solvent and its volume for elution of BPA, maximum
loading capacity of C;g cartridge, and breakthrough
volume) and HPLC conditions (percentage of organic
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modifier, pH of mobile phase, and temperature) were
optimized. The recoveries of analyte were over 97%. Good
resolution and the analysis time (approximately 6 min) as
well as the simplicity of HPLC and the low-cost, fast, and
simple sample preparation made this method a useful tool
for the routine analysis of BPA in milk samples.

Materials and methods
Chemicals and stock solutions

Bisphenol A was purchased from Sigma—Aldrich (Stein-
heim, Germany). HPLC-grade acetonitrile and methanol
used were from Fluka (Buchs, Switzerland). Glacial acetic
acid, NaOH, NaH,PO,, and HCl were obtained from
Merck (Darmstadt, Germany). Water used was doubly
distilled and deionized. All mobile phases were filtered by
a 0.45-pm membrane (Millipore, Bedford, MA, USA).

The stock solutions of BPA (500 mg/dm®) were pre-
pared in methanol and stored in the dark at 4 °C. These
solutions were stable for at least 3 months. All solutions
were filtered through 0.45-um membranes (Millipore) prior
to use. Milk samples were provided from local supermar-
kets from Babolsar in the north of Iran.

Apparatus and conditions

The chromatographic measurements were carried out with
an HPLC system equipped with a series 10 LC pump, UV
detector model LC-95 set at 282 nm, and a model 7125
manual injector (PerkinElmer, Norwalk, CT, USA).
Adjustment of pH of the HPLC mobile phase was carried
out by a model 3030 Jenway pH meter (Leeds, UK). The
column used was a C;g (250 x 4.6 mm, 10 pm) from
Waters (Milfold, MA, USA). The SPE cartridge was a
RESPREP C,5 (6 cm®, 500 mg) from Restek (Bellefonte,
PA, USA).

Sample preparation and solid-phase extraction

Milk samples (5 cm?) were diluted with 20 cm® of water/
methanol (17:3, v/v), adjusted to pH 3 with concentrated
HCI and stirred with a magnetic stirrer at room temperature
for 10 min. The addition of water reduces the viscosity of
the sample, thus a better flow is achieved during SPE.
Adjustment of solution to pH 3 prevents ionization of BPA.
The addition of methanol aims to destabilize the milk’s
emulsion [31]. The solution was filtered through a 0.45-pm
membrane. The solid-phase C;g cartridge was sequentially
conditioned with 5 cm® of n-hexane, 5 cm’® of methanol,
and 10 cm® of doubly distilled deionized water without
allowing the cartridge to dry. The filtrate was passed
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Fig. 6 Typical chromatograms:
a standard (5 pg/cm3),

b unspiked milk sample (brand
A), and c spiked milk sample
(brand A) with 5 pg/cm?.
Conditions: mobile phase water/
methanol (30:70, v/v); pH 6.5;
flow rate 1 cm3/min; column
Ci5 (250 x 4.6 mm, 10 pm);
injection volume 10 mm?*;

A 282 nm; temperature 25 °C

through the cartridge, rinsed with 20 cm® of water to
remove all sugars and other polar constituents of milk,
washed with 10 cm® water/methanol (80:20, v/v) to

Absorbancefa.u.

Absorbancefan.

Absorbancefau.

|' = e L W—
/
* : T T T T T
2 3 4 5 8 1
Retention time/min
A
|=‘b
[ || _',I ;'._
b W -h_..—-r-v'l‘ B | . D [ W 4
H 1 1 H H H !
Retention time/min
|
1 \
J \ A :Il
“rom— I\ e N o
) B S e s s m e s s e S S S e pa s S e e e e e
? 1 4 . a 1
Retention time/min

remove interferences, and eluted with 4 cm> HPLC-grade
methanol. The eluate was dried under reduced pressure in a
rotary evaporator at 50 °C and reconstituted in 1 cm®
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methanol, filtered through a 0.45-um syringe filter, and
injected into the HPLC system. Under these conditions the
BPA peak separated well from interferences and had a
retention time of about 5.6 min.

Chromatographic conditions for determination of BPA

The HPLC determination of BPA was performed using a
mobile phase consisting of water/methanol (30:70, v/v)
with a flow rate of 1.0 cm*/min at room temperature.
Before use, all mobile phases were passed through a
0.45-um membrane filter and degassed under vacuum. The
sample injection volume was 10 mm?, and the analyte was
monitored at 282 nm.
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