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In vitro low-dose studies are important to understand the mechanisms of bisphenol A (BPA) action. BPA
doses used in current in vitro studies varied considerably, and doses as low as 10�15 M have been
reported. The actual doses of BPA used in the in vitro low-dose studies were rarely checked analytically,
and the background BPA levels in experimental materials, which will determine the lowest BPA dose to
be used, should be investigated or considered. In this study, the background BPA levels in various mate-
rials typically used in in vitro low-dose studies for BPA were investigated. Background BPA levels from the
use of disposable pipettes and pipette tips were low (<0.20 ng mL�1 or 0.88 nM). BPA was also detected in
several commercial buffer solutions at levels close to the method limit of quantification (LOQ)
(0.02 ng mL�1; 0.088 nM). However, BPA was detected in all cell culture media obtained from various
sources at levels ranging from 0.080 to 4.26 ng mL�1 (or 0.35 to 19 nM) with an average of 0.83 ng mL�1

(3.5 nM). We suggest that culture media used for low-dose BPA studies should be analysed for back-
ground BPA levels prior to use, and the medium with the lowest BPA levels should be used.

Crown Copyright � 2010 Published by Elsevier Ltd. All rights reserved.
1. Introduction

In vitro low-dose studies are important to understand the
mechanisms of bisphenol A (BPA) action. For in vivo toxicological
studies, levels of BPA below the current lowest observed adverse
effect level (LOAEL) of 50 lg kg�1 d�1 established by the United
States Environmental Protection Agency (1993) were considered
as low-dose, while low-dose concentration for in vitro cell or or-
gan culture studies on BPA is generally defined as less than the
LOAEL cut-off value of 50 ng mL�1 or 0.219 lM (2.19 � 10�7 M)
(Welshons et al., 2006; Wetherill et al., 2007). Levels of BPA doses
used in the published in vitro studies varied considerably, and
doses far below the 10�7 M level (even as low as 10�15 M) have
been used in some studies (Xu et al., 2002; Watanabe et al.,
2003; Satoh et al., 2004; Buterin et al., 2006; Miyatake et al.,
2006; Yamaguchi et al., 2006; Hugo et al., 2008; Kochukov
et al., 2009; LaPensee et al., 2009). Conclusions from the low-dose
in vitro BPA studies, especially those in which <10�9 M BPA were
used, are not always consistent and reproducible, and validity of
results from such studies is thus unknown.
010 Published by Elsevier Ltd. All r
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The actual doses of BPA used in the low-dose studies were rarely
confirmed analytically. It is generally assumed that low BPA levels
can be achieved by infinite serial dilutions of the standard solution.
Although this is achievable in theory, in reality, the lowest BPA
doses achievable will depend on the background BPA levels in var-
ious materials used in the experiments. BPA is used in the produc-
tion of polycarbonate plastics and epoxy resins, and can migrate
from these materials into any media which they contain (Le et al.,
2008). Thus, information on background BPA levels in experimental
materials is essential for researchers to determine the lowest BPA
levels able to be used for in vitro low-dose studies.

During the early stages of our in vitro low-dose study on BPA,
background BPA levels in the media and some other experimental
materials were measured using the semi-quantitative enzyme-
linked immunosorbent assay (ELISA) method, and BPA was de-
tected in some of the materials. In order to confirm these results,
a systematic study was conducted to investigate the background
BPA levels in various media and experimental materials typically
used in in vitro low-dose BPA studies using a much more sensitive
analytical method based on gas chromatography–mass spectrome-
try (GC–MS). Information generated from this work will be very
valuable to researchers who plan to conduct in vitro low-dose
BPA studies in the future, as well as to regulatory scientists who
may use published in vitro data for risk assessment purposes.
ights reserved.
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2. Experimental procedures

2.1. Materials, chemicals, and reagents

Acetonitrile (HPLC grade), methanol (HPLC grade) were pur-
chased from J.T. Baker (Phillipsburg, N.J.). Toluene (glass distilled),
acetic anhydride (ACS grade), H3PO4 (85% HPLC grade), bisphenol A
(99%), bisphenol A-d14 (98%), isooctane (pesticide-residue grade),
MTBE (methyl t-butyl ether, 99.9%), Na2SO4 (anhydrous, ACS
grade), 1-pentanol (99%), dodecane (99%) were purchased from
Sigma–Aldrich (Oakville, ON). Potassium carbonate (ACS grade)
and Na2HPO4 (ACS grade) were purchased from Fisher (Ottawa,
ON).

The 50-place stirring block was obtained from Barnstead (Du-
buque, Iowa). The 13 � 100 mm, 20 � 150 mm, and 16 � 100 mm
disposable glass tubes were purchased from VWR (Montréal, QC).
The 15-mL centrifuge tubes were purchased from Fisher (Ottawa,
ON). The 22-mL vials and 6 mL glass columns were obtained from
Supelco (Oakville, ON). The C18 SPE cartridges were purchased
from Varian (Mississauga, ON.).

BPA and BPA-d14 standard solutions were prepared in acetoni-
trile, and stored at 4 �C. Phosphate buffer (pH 7) was prepared by
dissolving 14.3 g of Na2HPO4 in 1 L of tap water; and the pH was
adjusted to 7.0 ± 0.2 with H3PO4. A 1.0 M K2CO3 solution was pre-
pared by dissolving 69 g of anhydrous K2CO3 in 500 mL H2O. The
keeper solution, used to minimize the loss of derivatized BPA dur-
ing the concentration process, was a 50:50 v/v mixture of 1-pent-
anol and dodecane.
2.2. Sample extraction and derivatization

The sample extraction and derivatization procedures were de-
scribed previously (Cao et al., 2009). Up to 10 mL of sample solu-
tion in water was transferred into a 70 mL tube. The sample was
spiked with 10 lL of 5 ng lL�1 BPA-d14 internal standard solution
and mixed. Fifty-five millilitres of pH 7.0 buffer solution was added
to each tube, the tube was capped, and the contents were vortexed.
The sample was then poured into a C18 SPE cartridge (Varian)
which was previously conditioned with 13 mL of methanol and
13 mL of H2O. Absorption was allowed to take place without vac-
uum. The cartridge was then rinsed with 6.5 mL of H2O and
13 mL of 30% (v/v) MeOH in H2O and the eluate was discarded.
The C18 cartridge was eluted with 6.5 mL of 50% acetonitrile in
water; the eluate was collected in a 16 � 100 mm glass tube. The
eluate was vortexed, and concentrated to about 3 mL using a nitro-
gen evaporator.

The concentrated aqueous extract was transferred to a 22 mL
amber vial, and a small stirring bar was added. Ten millilitres of
1.0 M K2CO3 solution and 200 lL of acetic anhydride were added
to each vial. All sample vials were placed into the 50-place stirring
block and stirred at low speed. Another 200 lL acetic anhydride
was added after 5 min and the stirring continued for a further
10 min. Five millilitres of isooctane was added to the vial. The pH
of the sample extracts was checked using a pH indicator strip,
and adjusted to ensure that the pH was above 10. If pH adjustment
was required, an additional 0.5 mL of 3 M K2CO3 solution was
added. One hundred microlitres more acetic anhydride was then
added and the extract stirred for another 10 min. The stirring
was then stopped and the two phases allowed to separate for
approximately 10 min. If there was an emulsion, the sample was
split into two vials, diluted with H2O, and re-extracted using more
isooctane. The isooctane phase from the 22 mL amber vial was
transferred to a glass column packed with anhydrous Na2SO4.
The aqueous phase in the 22 mL vial was re-extracted with 5 mL
of methyl t-butyl ether (MTBE) by stirring for at least 10 min at
high speed. The MTBE phase was transferred to the Na2SO4 col-
umn. The dry organic extract was transferred to a 13 � 100 mm
disposable glass tube and 30 lL of keeper solution (50:50 mixture
of 1-pentanol and dodecane) was added. The sample extract was
evaporated to almost dryness at 40 �C for about 45 min., using
the nitrogen evaporator. The extract was then reconstituted with
220 lL of toluene, vortexed for 30 s and transferred to a GC vial
containing an insert for analysis.
2.3. GC–MS analysis

An Agilent 6890 gas chromatograph (GC) coupled to a 5973
mass selective detector (MSD) was used for the analysis. The flow
rate of the helium carrier gas was 1.2 mL min�1. The injector
temperature was 280 �C. One microliter of sample extract was in-
jected into the GC system in splitless mode. The analytes were sep-
arated on a HP-5MS capillary column (30 m � 0.25 mm �
0.25 lm). The GC oven temperature program was set at an initial
temperature of 100 �C for 1 min., raised to 225 �C for 5 min at
20 �C min�1, then raised to 325 �C at 35 �C min�1, and held for
1 min. The MSD was operated with electron impact ionization in
selected ion monitoring (SIM) mode. The following ions were se-
lected for BPA: m/z 213, 228, 270, 312, and for BPA-d14: m/z 224.
Dwell time was 35 ms for each ion. The GC–MSD interface and
MSD source temperatures were 280 and 230 �C, respectively. Con-
firmation of BPA identity was based on the retention time and the
ion ratios. The calculation of BPA concentrations in samples was
based on the calibration curves of peak area ratios of the quantifi-
cation ion of BPA (m/z 228) over the internal standard peak area
plotted with the ratios of native BPA concentration over the inter-
nal standard concentration. Two method blanks (Milli-Q de-ion-
ized water) were analysed in every extraction batch, and the
average method blank BPA level was subtracted from the results
of all samples.
3. Results and discussion

BPA is a relatively polar chemical and can be adsorbed onto the
surface of undeactivated glassware by forming hydrogen bonds be-
tween BPA’s hydroxyl (AOH) groups and the silanol (SiOH) groups
on glass surfaces, and this effect is especially significant for BPA at
low concentrations (10�8–10�9 M and below). Thus, lab materials
made of non-polycarbonate plastics, such as polystyrene and poly-
propylene, are preferred in low-dose BPA studies. Although BPA is
not used in the production of polystyrene and polypropylene, it
may be present on the surfaces of experimental materials made
of polystyrene and polypropylene due to contamination during
manufacture. In order to investigate the background BPA levels
of various plastic items used in tissue culture studies, disposable
polystyrene pipettes of various sizes, and disposable polypropyl-
ene pipette tips from different companies were soaked in 11 mL
of de-ionized water contained in 15 mL polypropylene centrifuge
tubes at room temperature for 24 h, and the water solutions were
analysed for BPA. BPA was not detected in the de-ionized and dis-
tilled (Mili-Q) water used in testing. The method limit of quantifi-
cation (LOQ) was 0.02 ng mL�1 (or 0.088 nM), estimated as 10
times the signal to noise ratio. The results are shown in Table 1.
BPA concentrations in the water solutions from the disposable pip-
ettes were low, close to the LOQ, ranging from 0.057 to 0.088
ng mL�1 or 0.25 to 0.39 nM, while BPA levels in the water solutions
from the pipette tips were slightly higher (0.12–0.24 ng mL�1 or
0.53–1.1 nM). The background BPA observed is not expected to
be due to the migration from the polystyrene and polypropylene
pipettes and pipette tips, since they do not contain BPA in the first
place and even BPA migration from polycarbonate is extremely



Table 1
Background BPA levels in the soaking solution of disposable pipettes and pipette tips
after incubation in distilled and de-ionized water at room temperature for 24 h.

Material Source Volume BPA
concentration
(ng mL�1)

BPA
concentration
(nM)

Polystyrene
pipette

Company
A

10 mL 0.088 0.39

Company
B

5 mL 0.057 0.25

Company
C

5 mL 0.059 0.26

Company
D

5 mL 0.057 0.25

Polypropylene
pipette tip

Company
E

1000 lL 0.15 0.66

Company
F

1000 lL 0.12 0.53

Company
E

300 lL 0.17 0.75

Company
E

200 lL 0.24 1.1

Company
E

10 lL 0.13 0.57

Table 2
BPA levels in commercial buffers.

Buffer solution BPA concentration
(ng mL�1)

BPA
concentration
(nM)

Commercial PBS (phosphate
buffered saline) 10X

<0.020 <0.088

Commercial PBS 1X 0.034 0.15
Commercial lysis buffer 0.061 0.27

Table 4
BPA levels in some commercial media and sera.

Samples Sample
source

BPA
concentrations
(ng mL�1)

BPA
concentrations
(nM)

Culture medium (with phenol
red) for human whole fetal
fibroblasts

Company
A

0.21 0.92

Culture medium (with phenol
red) for human pancreatic
cells

Company
B

0.39 1.7

Culture medium (with phenol
red) for human coronary
artery endothelial cells

Company
C

4.3 19

Culture medium (with phenol
red) for human fetal lung
fibroblasts

Company
A

0.35 1.5

Culture medium (with phenol
red) for culturing human
pancreatic cells (new
packaging)

Company
B

0.49 2.2

Culture medium (without
phenol red) for human
fetal lung fibroblasts

Company
C

0.41 1.8

Culture medium (without
phenol red and serum) for
human fetal lung
fibroblasts

Company
C

0.10 0.44

FBS Company
C

1.9 8.2

Charcoal stripped FBS Company
D

0.11 0.48

FBS Company
D

0.080 0.35
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slow at room temperature. The most likely source for the back-
ground BPA on plastic labware is contamination during
manufacture.

The background BPA levels in the buffer solutions obtained
from various sources were also very low as shown in Table 2, close
to the LOQ (0.02 ng mL�1).

Polystyrene plates and flasks, upon which cells are cultured,
were also investigated for any possible effects on background
BPA levels. Media for culturing pancreatic cells was incubated in
a 10 cm culture dish, a 24 well culture plate, and a T-25 culture
flask, at 37 �C for 48 h and were analysed for BPA. As shown in Ta-
ble 3, BPA was detected in the fresh pancreatic medium at
0.39 ng mL�1 (1.7 nM), and BPA levels in the media after being
incubated at 37 �C for 48 h in the plates and flask were slightly
lower than that in the original medium, ranging from 0.29 to
0.34 ng mL�1 (or 1.3 to 1.5 nM), possibly due to the adsorption
onto the plates and flasks. This is contrary to the previous study
by Biswanger et al. (2006) in which BPA contamination from the
Table 3
BPA levels in a commercial culture medium (with phenol red) for human pancreatic
cells after being incubated in different culture containers at 37 �C for 48 h.

Sample description BPA concentration
(ng mL�1)

BPA
concentration
(nM)

No incubation 0.39 1.7
Incubation in a 10 cm polystyrene

culture dish
0.29 1.3

Incubation in a 24 polystyrene
well culture plate

0.33 1.4

Incubation in a T-25 polystyrene
culture flask

0.34 1.5
culture dishes under typical cell-culture conditions was not ob-
served. This is likely due to the higher detection limit (not pro-
vided) of the method they used; the lowest concentration of BPA
used in their calibration curve was 20 nM (4.5 ng mL�1). Even if
the detection limit is ten times lower than 20 nM, it is still higher
than the BPA levels found in this part of our study (<2 nM).

Since BPA was detected in the pancreatic medium, a few other
commercial media and fetal bovine sera (FBS) from different
sources were also analysed for BPA. BPA was detected in all media
tested as shown in Table 4. Although BPA levels in most of the
media are below 1 ng mL�1 (0.080–0.49 ng mL�1, or 0.35–
2.2 nM), a medium used for culturing human coronary artery
endothelial cells (HCAEC) had the highest BPA level of 4.3 ng mL�1

or 19 nM, followed by a commercial FBS at 1.9 ng mL�1 or 8.2 nM.
Similar BPA levels were detected in a commercial charcoal stripped
serum and a non-charcoal stripped serum from the same source.
The exact reasons for the relatively high BPA levels in the media
or FBS are not known, possibly due to the storage of the media in
the polycarbonate containers or containers with epoxy resin coat-
ings, especially if above room temperature.
4. Conclusions

While the in vitro low-dose studies are important to understand
the mechanisms of BPA action, background BPA levels must be
considered when deciding on the lowest BPA dose levels to be
used. Results from this study demonstrated that the background
BPA levels in commercial culture media varied considerably, rang-
ing from 0.08 to 4.3 ng mL�1 (0.35–19 nM) with an average level of
0.83 ng mL�1 (3.6 nM). This means that for in vitro low-dose stud-
ies on BPA, special measures are needed to reduce background BPA
levels for dose levels of BPA less than 1 nM (10�9 M). Background
BPA levels in culture media should be measured prior to initiation
of studies to determine the in vitro effects of BPA at doses lower
than 20 nM.
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