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Bisphenol A (BPA) is a monomer crucial for the production of polycarbonate (PC). Recently, it has been
verified that BPA is able to migrate from PC baby bottles into food simulants and numerous studies indi-
cate that BPA may affect human health.

In this work, five different detergents and bleach were tested to verify if they were able increasing the
BPA release from the PC. High performance liquid chromatography (HPLC) with fluorescence detection
(FLD) and gas chromatography coupled to mass spectrometry (GC–MS) were used to quantify and iden-
tify BPA. Of all detergents tested, only with one was not detected a BPA concentration higher than the
control. In the worst case, BPA levels detected were about 500 times higher than the control and the con-
centration kept high even after rinsing the PC samples three times. In the case of bleach, while it was in
contact with the PC, the BPA released was not detected.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Polycarbonate (Fig. 1) is a thermoplastic polymer with high
transparency, low weight and high heat and impact resistance.
Due to these characteristics and the fact that it can be easily
worked, PC has been widely used. PC may be found at compact
disks, drinking bottles, eyeglasses lenses, mobile phones, plastic
food containers, houseware, as a replacement of glass in several
products, such as baby feeding bottles, and many other products
(Nérin, Fernández, Domeño, & Salafranca, 2003; Wong, Leo, & Seah,
2005).

The key building block of PC is bisphenol A (BPA; 2,20-bis(4-
hydroxyphenyl)propane; CAS No. 80-05-7) (Fig. 1). This monomer
is one of the highest production-volume chemical in the world
(Lang et al., 2008) and it is present in quite a lot of products that
people are in contact with every day. In 2003, more than 2 million
metric tons were produced globally and its demand increases up to
6–10% every year. The main application of BPA production is for
the manufacture of epoxy resins (Paseiro Losada, López Mahía,
Vázquez Odériz, Simal Lozano, & Simal Gándara, 1991; Simal
Gándara et al., 1992) and, especially, of PC (21% and 72%, respec-
tively) (Chapin et al., 2007). BPA can also be used as additive in
PVC films (López-Cervantes & Paseiro-Losada, 2003).

Several studies have already confirmed that BPA release from
PC baby bottles takes place (Biles, McNeal, Begley, & Hollifield,
ll rights reserved.
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1997; Brede, Fjeldal, Skjevrak, & Herikstad, 2003; Maragou, Makri,
Lampi, Thomaidis, & Koupparis, 2007). This release is a conse-
quence of BPA free monomers migration (Paseiro Losada, Paz
Abuín, Vázquez Odériz, Simal Lozano, & Simal Gándara, 1991),
but this is not the main reason, because the residual level of the
free monomer and the BPA diffusion from the PC to the beverage
is very low (Paseiro Losada, Simal Lozano, Paz Abuín, López Mahía,
& Simal Gándara, 1993; Simal Gándara, Paz Abuín, Paseiro Losada,
& Simal Lozano, 1993). Rather than that, most of the BPA released
results from PC degradation (Bierdermann-Brem & Grob, 2009).
Accordingly to some authors, BPA may have an effect on the
human health.

Data obtained from in vitro assays shown that BPA has weak
estrogenic activity and there is some concern about how it may af-
fect the endocrine system by mimicking estradiol. This may hap-
pen even in the presence of very low BPA doses (Krishnan,
Stathis, Permuth, Tokes, & Feldman, 1993; Laws, Carey, Ferrell,
Bodman, & Cooper, 2000). There are also in vivo studies, made in
mammals (mainly in mice and rats) that point to other adverse ef-
fects caused by BPA. Some examples can be cited: increase in hor-
monally mediated cancers, such as prostate and breast cancer;
abnormalities in reproductive organs; a decline in semen quality;
early sexual maturation in females; metabolic disorders including
insulin resistant diabetes and obesity; and neurobehavioral prob-
lems such as autism and attention deficit hyperactivity disorder
(Farabollini, Porrini, & Dessì-Fulgheri, 1999; Gupta, 2000; Howde-
shell, Hotchkiss, Thayer, Vandenbergh, & Vom Saal, 1999; Timms
et al., 2005; Vom Saal et al., 2007). These data, plus the fact that
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Fig. 1. Molecular structure of PC (A) and BPA (B).

Table 1
Conditions and instrument settings used for determination of BPA by HPLC–FLD.

Pump Hewlett–Packard Quaternary HP 1100 pump
Injection volume 50 ll
Column

temperature
25 �C

Detector Fluorescence (FL) HP 1100
Scan excitation range 200–280 nm
Ultraviolet HP 1100
Scan range 190–400

Degasser HP 1100 vacuum degasser
Wavelength Fluorescence: excitation 225 nm, emission

305 nm
Ultraviolet: Sig. 225 nm, Ref. 360 nm

Column Kromasil C18 25 � 0.36 cm I.D., 5 lm particle
size

Mobile phase A: Milli-Q water
B: Acetonitrile

Flow 0.5 ml min�1

Gradient Time (min) A (%) B

0.00 70.00 30.00
2.00 70.00 30.00

30.00 20.00 80.00
Software HP Chem Station
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detectable levels of BPA are present in the urine of more than 90%
of the US population (Calafat et al., 2005), makes the BPA an alarm-
ing issue.

However, BPA safety aspects are increasingly controversial.
Agencies such as the US Food and Drugs Administration (FDA),
European Food Safety Authority (EFSA) and Scientific Committee
on Toxicity, Ecotoxicity and the Environment (CSTEE), supported
by the plastic industry, argue that, whenever BPA is used accord-
ingly to the existing legislation, it does not represent any risk to
human health when used in food contact materials (Aguilar
et al., 2008; Philbert et al., 2008; Scientific Committee on Toxicity,
Ecotoxicity and the Environment, 2002). On the other hand, the
Health Canada chose to take a preventive approach and concluded
that BPA should be considered as a substance that may constitute a
danger to human life or health (Environment Canada, 2008). For
this reason, Canada has announced the preparation of regulations
to ban the importation, advertising and sale of PC baby bottles con-
taining BPA. Measures to reduce the amount of BPA that is released
into the environment will also be taken. Several US states, such as
California, are already preparing legislation to take similar
provisions.

To wash baby bottles, as well as other childcare products, it is
usual to use ordinary dishwashing detergents and hot water.
Depending on people habits, the baby bottles washing procedure
can include hand wash, machine wash, brushing, soaking in hot
soapy water, etc.

The aim of this work was to test the effect of different deter-
gents on PC baby bottles, to see if commercially available deter-
gents may increase the BPA release due to a depolymerization
effect on the material. To do this, migration tests, at controlled
times and temperatures, were performed by incubating PC samples
with several detergent solutions. The PC samples were then rinsed
with distilled water and migration tests were repeated, this time
with distilled water. This last procedure was repeated for three
times in order to check if the BPA release would continue after
the removal of the residual detergent. After each incubation, the
solutions were analyzed directly by HPLC–FLD.

2. Experimental

2.1. Chemicals and reagents

Bisphenol A, 99+% (Aldrich-Chemie, Steinheim, Germany);
water obtained using Milli-Q apparatus from Millipore Ireland
B.V. (Carringtwohill, Ireland); sodium hypochlorite, sol. reagent
grade 10–13% (Sigma–Aldrich, Steinheim, Germany).

2.2. Samples

Baby bottles made of PC, bought in a local supermarket, were
chosen to be our study samples. These baby bottles were produced
in China.

The samples were prepared by cutting each baby bottle in sev-
eral pieces with an area of 10 cm2. The cuts were made vertically
seeking that the pieces were representative of the different bottle
zones. For each test, three pieces were used and each one was
cut in half in order to fit the headspace vials where they were
incubated.

The detergents were also bought in a local supermarket and two
of them were hand dishwashing detergents (detergents A and B),
while the other three were machine dishwashing detergents
(detergents C, D and E). The detergent concentration used was
10 g l�1. Bleach was also tested. Instead of using a commercial
brand we used a sodium hypochlorite solution, at a concentration
of 1 g l�1. These concentrations were chosen because they seem to
be close to the real use concentrations.

In parallel with samples, a control was prepared by subjecting a
PC sample to the same conditions but without using any detergent
or bleach solution. In this case only distilled water was used all the
time.

2.3. Apparatus and conditions

High performance liquid chromatography with fluorescence
detection (HPLC–FLD) was performed using a Hewlett–Packard
HP 1100 chromatograph equipped with a diode array detector
and a fluorescence scanning detector arranged in series. The condi-
tions used for determination of BPA by HPLC–FLD are listed in Ta-
ble 1.

Gas chromatography with mass spectrometry (GC–MS) was car-
ried out using a THERMO Finnigan TraceGC ultra chromatograph
with a TraceDSQ mass detector and a TriPlus AS automatic injector.
The conditions used for identification of BPA by GC–MS are listed
in Table 2.

The oven used for the incubation tests was a Memmert, model
ULE 400.

2.4. Identification of BPA by GC–MS

Successive dilutions of a standard 1000 mg l�1 BPA solution in
ethanol were analyzed in full-scan and single ion monitoring
(SIM) modes, according the conditions mentioned in table 2, in or-
der to determinate the limit of detection of BPA by GC–MS. The
limit of detection was achieved when the BPA peak was three
times higher than the noise level.



Table 2
Conditions and instrument settings used for identification of BPA by GC–MS.

Constant flow 0.8 ml min�1

Carrier gas He
Column

Dimensions 30 m � 0.250 mm
Film surface 1 lm
Liquid phase DB-5MS

Injector temperature 225
Split mode 1:30
Injection volume 1.0 ll
Column temperature program Isocratic (250 �C for 20 min)
Mass spectrometer, THERMO instrument Finnigan TraceDSQ

Interphase temperature 200 �C
Electron energy 70 eV
Electron multiplier 1504 V
Full-scan m/z 50–400
SIM mode m/z 213 (base peak), 228
Electron impact Positive mode
Spectrum library Wiley
Software XCalibur home page version 1.4 SRI, Windows XP
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2.5. HPLC–FLD method validation

Calibration of the HPLC was made by injecting, in triplicate, se-
ven BPA standard solutions in water. The solution concentrations
were 10, 5, 1, 0.5, 0.1, 0.05, 0.01 mg l�1. The calibration line of con-
centrations versus chromatographic peak areas was obtained by
linear regression.

The limit of detection was calculated by successive dilutions of
a BPA standard solution until the BPA peak-to-noise ratio was 3:1.

Precision measurement was estimated by injecting 10 times a
0.1 mg l�1 BPA solution in water and calculating the relative stan-
dard deviation.

2.6. Study of the effect of detergents on Polycarbonate

Baby bottles are always washed up and sterilized before being
used. The following experiment was designed under extreme con-
ditions to know the effect of detergents and bleach on PC.
Fig. 2. GC–MS chromatogram of an acetonitrile extract of a PC baby bottle samp
Three baby bottle pieces (total area 30 cm2) were immersed in a
15 ml solution of detergent or bleach in distilled water. The con-
centration of these solutions was 10 g l�1 for the detergents and
1 g l�1 for the bleach.

After being immersed in the solutions, the samples were incu-
bated at 120 �C, for 1 h. Once the incubation was over, samples
were allowed to cool down at room temperature for 30 min and
0.6 ml of the solution was taken for HPLC analysis in order to eval-
uate if the detergent was able to affect the PC during the washing
and soaking procedure in very hot water. Then the samples were
left further at 25 �C for 120 h (5 days) in the same solution. Once
again, a small volume of solution was taken for HPLC analysis.
The purpose was to see if the depolymerization process caused
by detergent would occur, even at low temperatures.

To find out if the release of BPA would stop after the detergent
was removed, the PC pieces were washed in distilled water and im-
mersed again, but this time in distilled water, for 1 h at 120 �C.
Next, they were left cooling down at room temperature for
30 min, an aliquot of the water was taken for HPLC analysis and
the PC pieces were washed again in distilled water. This process
was repeated once a day, for two more days. The objective was
to verify if the rinsing procedure was enough to stop or to diminish
the eventual BPA release.
3. Results and discussion

3.1. Identification of BPA by GC–MS

With the GC–MS analytical method described in Table 2, BPA
elution time was 10.52 min (Fig. 2). BPA was identified by compar-
ing the mass spectra of the peak obtained in the samples with that
of a BPA standard solution and also comparing against the XCalibur
library.

The limit of detection in full-scan mode was 50 mg l�1, while in
SIM mode [m/z = 213, corresponding to the demethylated fragment
of BPA, and m/z = 228, corresponding to BPA (López-Cervantes &
Paseiro-Losada, 2003)] was 0.5 mg l�1.
le (A) and a mass spectrum of the 10.52 min peak of the chromatogram (B).



Fig. 3. HPLC chromatogram obtained from detergent B first measure, after being 1:100 dilution (A) and fluorescence excitation spectrum (kem = 305 nm) of the BPA peak (B).

Table 3
Migration of BPA from PC baby bottle samples into the detergent solutions, determined by HPLC–FLD.

Solutions Conc.
(g l�1)

Type of detergent No. of exp. (n) Concentration of BPA (mg l�1)

120 �C, 1 h +25 �C,
120 h

+120 �C, 1 h (1st rising
with distilled water)

+120 �C, 1 h (2nd rising
with distilled water)

+120 �C, 1 h (3rd rising
with distilled water)

Dist. water – 3 0.109 0.086 0.024 0.030 0.018
Det. A 10 Hand wash 3 0.022 0.020 0.012 0.027 0.018
Det. B 10 Hand wash 3 54.8 67.0 40.4 44.6 31.0
Det. C 10 Machine wash 3 3.03 2.65 0.111 0.065 0.030
Det. D 10 Machine wash 3 0.809 0.645 0.016 0.020 0.014
Det. E 10 Machine wash 3 30.9 33.3 0.037 0.050 0.041
Bleach 1 – 3 n.d. n.d. 0.045 0.043 0.020

n.d. – not detected.
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3.2. HPLC method performance

The calibration line obtained by injecting seven standard solu-
tions with a concentration ranging 0.01–10 mg l�1 showed a good
linearity correlation (R2 > 0.9999) and is represented by the follow-
ing equation:

y ¼ 2399:4x� 21:385

The limit of detection determined was 5.0 lg l�1 and was ob-
tained by running successive dilutions of a BPA stock solution until
the BPA peak-to-noise ratio was 3:1.

The estimated relative standard deviation was 1.53%, after
injecting 10 times a 0.1 mg l�1 BPA solution.

With the HPLC analytical method described in Table 1, BPA elu-
tion time was 16.20 min (Fig. 3).

3.3. BPA release from baby bottles

The results values of the migration of BPA from PC baby bottles
into the different solutions assayed in this work are shown in Table
3.

Migration of BPA was detected in the control sample, when dis-
tilled water was used (without any detergent or bleach). BPA con-
centration found was 0.109 mg l�1, after the first incubation
period.

Comparing all detergents, detergent A is the only one that
seems to decrease the BPA release from PC, being BPA concentra-
tions 4–5 times lower than those found in the distilled water, dur-
ing the firsts two measurements. For this detergent, after rinsing
the PC samples, the levels of BPA became close to that found in
the control. In the case of bleach, although higher pH values should
increase the BPA release (Krishnan et al., 1993), the levels were not
detectable while the PC was in contact with the sodium hypochlo-
rite solution (first two measurements). However, once the sodium
hypochlorite is removed from the samples by rinsing, and the sam-
ples are incubated in distilled water only, BPA release is observed.

Detergents B, C, D and E showed a higher release of BPA than
that observed in the control. BPA levels were approximately 500,
28, 7 and 283 times higher, respectively, than the concentration
found in the control in the first measurement. After the PC samples
were rinsed, BPA levels diminished to levels comparable to those
found in the control either after the first rinsing (for detergents D
and E) or the third rinsing (for detergent C). For detergent B, even
though there was a visible decrease of the BPA levels during the
rinsing procedures, significant concentrations (31.0–44.6 mg l�1)
could still be detected. These concentrations were 1680–1860
times higher than those found in the control samples.
4. Conclusions

BPA safety issue is presently a controversial issue and this
monomer presence in a large percentage of the population indi-
cates us that better knowledge about BPA origin is necessary.

These results also demonstrate that the BPA detected in the
detergent solutions (except for the detergent A solution) does not
result from diffusion, because BPA concentrations are much higher
than that found in the control. Instead, BPA is primarily a product
from a PC degradation process originated by the contact between
detergent and PC at high temperatures.

In the current study was demonstrated that dishwashing deter-
gents may increase the BPA release while the detergent is in con-
tact with the PC. The BPA concentration decrease immediately
near to control levels after rinsing the PC samples (0.018–
0.041 mg l�1, after the third rinsing), except for one of the cases
tested (detergent B), where, although there is a visible decrease
on BPA concentration, the levels detected are still very high
(approximately 31.0 mg l�1, after the third rising).
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Further studies are needed in order to better understanding of
the BPA release from PC mechanism that we are facing, and also
would be need to perform more tests in the conditions required
by the European Council Directive 82/711/EEC (European Commis-
sion, 1982), simulating real-use conditions.
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