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Bisphenol A — A problem for consumers of canned

beer?

Potential risks and analysis of debatable plastics used in canned beer coatings

The precise determination of Bisphenol A (BPA) amounts in complex matrix like beer is presented. A practical, rapid and
reliable sample preparation procedure for BPA determination is shown. The application of stable isotope dilution assay
(SIDA) utilizing labmade deuterated BPA standards made it possible to obtain accurate analytical data. BPA concentrations
in seven randomly chosen canned beers ranged from 1 pg BPA/L to 6.5 pg BPA/L. Compared to other canned foodstuff

these amounts are low and presumably safe.
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1 Introduction

2,2-Bis-(4-hydroxyphenyl)-propane, commonly known as Bis-
phenol A or simply BPA, is a chemical agent existent in many
products of everyday life. BPA is synthesized by coupling two
equivalents phenol with acetone under hydrochloric acid catalysis.
It is mainly employed as starting substance for the production of
robust polycarbonate plastics (PC) and epoxy-phenolic resins, but
also used in polyvinyl chloride (PVC). Industrial BPA production
in EU countries accumulates to about one million tons per year [1].

PC plastics are prevalently utilized for the production of CDs,
DVDs, mobile phones or computer cases due to their high resi-
stance, ductility, and hardness. But, they are frequently used in
food and beverage packaging, plastic table ware, or baby drinking
bottles. Epoxy resins are part of paints, floor covers, adhesives as
well as (water-)pipe linings. In food industry, reaction products
of BPA with epichlorhydrin, forming Bisphenol A diglycidiyl
ether (BADGE), are used. Those are predominantly introduced
as inner can coatings in order to circumvent contact between can
content and metal surface [2]. The presence of unpolymerized
BPA is encountered the main problem when BPA polymers are
used in immediate contact to food. Monomers originate from
uncompleted polymerization, mechanical decomposition or clea-
vage by chemical hydrolysis. Those BPA monomers are reported
to migrate from coating to packed product, being a source of
contamination for foodstuff [3, 4, 5]. Consumption of products
from BPA containing packages is considered the main source of
consumers BPA exposure. Several research groups published BPA
levels for various canned foods and beverages, however, data for
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BPA in beer is rare. In the literature analytical approaches differ
considerably. They are mainly based on liquid chromatography
coupled with mass spectrometry (LC-MS), a costly and uncommon
technique in brewery quality assurance labs. A selection of BPA
concentrations is illustrated in Table 1.

There are considerable differences in BPA concentrations between
canned dairy products, fruits, vegetables, and soft drinks. Those
are liable to characteristics of packed foodstuff (e.g. pH), diffe-
rent can types with varying thickness of resin coating as well as
processing techniques. Especially the intensity of heat treatment is
proposed to be highly significant. Whereas beverages usually are
only subject to pasteurization (= 65 °C) canned food is exposed
to higher temperatures (= 100 °C) [8].

The hygienic outcomes of oral BPA exposure today are still dis-
cussed very controversially. The major problem to evaluate BPA
risks in humans is the lack of reliable data and long term studies.
Animal tests show inconsistent results and do not adequately
reflect the situation for humans. Especially, the action of BPA as
endocrine disruptor does not allow direct comparison of animal
testing data to humans. The nature of its estrogenic activity was
already discovered in 1936 [9]. Later investigations, mainly ap-
plying rodents and aquatic organisms, showed BPA binds to and
activates estrogenic receptors with multiple follow-ups for tested
species [10]. In addition to the hormonal impact, BPA is reported
as substrate of several metabolic reactions. It is converted into
reactive intermediates and may also cause oxidative stress due to
further degradation [11, 12, 13]. In contrast to multitude studies
using various animal species, only limited data is available for
the effects of BPA on humans. Nevertheless, a recently published
study conducted on humans showed a correlation of high urinary
BPA concentration and an increased risk for type II diabetes and
cardiovascular disease [ 14]. Even critics note that in animal testing
pure BPA is used and real uptake therefore is not correctly simu-
lated, its impact on living organism cannot be denied. Renowned
institutions engaged on this topic and guidelines concerning BPA
exposure were established. The European Food Safety Authority
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(EFSA) proposed maximum amounts for BPA intake. At this the
full Tolerable Daily Intake (TDI) was set to 50 pg BPA/kg body-
weight (bw), derived by applying a 100-fold uncertainty factor to
the overall No-Observed-Adverse-Effect Level NOAEL) of 5 mg
BPA/kg bw/day. The EFSA also estimated the exposure to BPA
by consumption of commercial foods and beverages to be 1.2 pug/
kg bw/day. This calculation was based on the assumption a 60 kg
adult consumes 1 kg of canned food (50 ug BPA/kg) and 2 liters
of canned beverages (10 ng BPA/kg) per day [15]. In general, the
EUenacted alegal ordinance obligating producers and importers of
BPA to minimize risks for consumers and environment (REACH)
[16]. Considering this, BPA limits are obsolete.

To gain deeper insights into the BPA complex of problems, the
presented paper describes a gas chromatography-mass spectrometry
(GC-MS) method for the precise determination of BPA amounts
in complex foodstuff matrix such as beer. A practical, rapid and
reliable sample preparation procedure for BPA determination in
beer is presented. The application of stable isotope dilution assay
(SIDA) utilizing labmade deuterated BPA (*H,-BPA or D,-BPA)
standards enabled obtainment of correct analytical data.

2 Material and Methods
2.1 Beer samples

Commercial beer cans (0,5 L contents) of seven breweries (here
named A—-G) were randomly chosen from convenience stores.
By this, praxis conditions in age and stocking were simulated
to guarantee proper sample conditions. Cans of three different
manufacturers were used and samples size properly displays
consumer’s situation.

2.2 Stable Isotope Dilution Assay (SIDA) and standard
synthesis

For BPA quantification beer samples were spiked with internal
D,-labelled BPA stable isotope standard. Standard synthesis was
performed by autoclave treatment of unlabeled BPA (Sigma-
Aldrich, purity > 99 %) in deuterium oxide (D,0O, Sigma-Aldrich,
purity 99.9 %). Temperature was set 160 °C for a 2-hour period
(cf. Fig. 2). Crude D,-BPA was purified by flash chromatogra-
phy, identity as well as labeling degree was confirmed by gas
chromatography-mass spectrometry (GC-MS).

2.3 Sample extraction, solid phase extraction (SPE) and
derivatization

Canned beers were casted into 1 L glassware. D,-BPAwas added to
adjustastandard concentration of Spug/L and degassing was perfor-
med (10 minutes in ice chilled ultrasonic bath). For deprotonation
of BPAs hydroxyl-functions sample pH was adjusted to 8.5 by
dropwise addition of 0.1 N ammonia solution. This was essential
for solid phase extraction (SPE) of BPA. At first, aminopropyl-
modified silica phases (Macherey-Nagel, Chromabond® NH,,
1000 mg), afterwards RP-18E phases (Merck, LiChrolut® RP-18E,
500 mg) were used for analyte enrichment and effective matrix re-
moval. Both phases were conditioned before charging (aminopropyl

with each 4 mL of 0.1 N ammonia solution and water, RP18E with
each 2 mL methanol and water). Subsequently, 100 mL sample was
subjected to Cromabond®”-NH_-phases. Matrix components were
eluted by washing with water and 0.1 N ammonia solution (each
2 mL). SPE was dried under vacuum (200 mbar) and BPA was
eluted with4 mL 0.01 N hydrochloric acid, directly applying eluate
onto preconditioned RP-18E. The analyte was obtained by washing
SPE with water (2 mL), vacuum drying and elution with methanol
(2 mL). Methanol eluate was concentrated to dryness. Residue
was either simply dissolved in pentane or further derivatized. For
silyl- derivate formation each 50 puL of pyridine (Sigma-Aldrich,
purity > 99.8 %) and N,O-Bis-(trimethylsilyl)trifluoroacetamide
(BSTFA, Sigma-Aldrich, purity > 99 %) were added and heated
to 80 °C for 60 minutes. Work up was performed in triplicate for
each beer sample.

2.4 GC-MS analysis

GC-MS analysis was performed on Shimadzu GCMS-QP2010
Plus applying RXI® 5 ms column (Restek, inner @ = 0.25 mm,
length = 30 m) for GC separation. Helium was used as carrier
gas. Injector temperature was set to 240 °C, head pressure to
76kPa. Splitless injection was performed with 0.8 minutes sampling
time and an injected volume of 2 pL. Column oven temperature
program was set at an initial temperature of 70 °C for 80 seconds,
raised by a rate of 8 °C/minute until reaching 230 °C, then 50 °C/
minute up to 300 °C. For column flushing again a holding time
of seven minutes was maintained. In sum total program lasted
for 29.56 minutes. lon source of quadrupole mass spectrome-
ter (QP-MS) was adjusted to 200 °C, interface temperature to
250 °C. Analyte ionization was reached by electron impact ioni-
zation (EI), selected ion monitoring (SIM) was used to increase
sensitivity and intensity.

2.5 Calibration

For calibration D -BPA standard was adjusted to a concentration
of 10 pg/L, commercial BPA (Sigma-Aldrich, purity > 99 %))
was diluted to concentrations of 0, 5, 10, 25, 50 and 100 pg/L
using methanol as solvent. Solutions were equally mixed (1:1)
and concentrated to dryness. Dry residue was either directly
dissolved in 1000 pL of diethyl ether (VWR, water <0.01 %) or
derivatized. For derivatization each 50 pL of pyridine and BSTFA
were added (80 °C/60 minutes). Derivatized mixtures were dissol-
ved in diethyl ether before injection. GC-MS setup was applied
as described above, repeated determination was performed as a
matter of course. Arearatios (D,-BPA/BPA) were plotted against
concentrationratios ([ug D,-BPA/L]/[ug BPA/L]) of standard and
analyte. For TMS derivates line of best fit (y = 0.056x + 0.008)
and stability index (R? = 0.999) were calculated using Microsoft
Excel®. Calibration without derivatization showed similar results.

2.6 Quantification

The identification of BPA and D,-BPA standard was based on
retention time as well as on ion ratios. Retention time of both,
analyte and standard, were identical within the range of 0.02 s
(cf. Fig. 3). Quantification was performed by selected ion moni-
toring mass spectrometry (SIM-MS) mode. BPA exhibited ions at
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m/z = 213 and D,-BPA at m/z = 217 (213+4). TMS derivatized
BPA exhibited prominent ions at 357 and 361, respectively. In-
tegration of the respective SIM-MS peak areas enabled precise
calculation of BPA amounts.

3 Results and Discussion

3.1 Resultsof BPAidentification and quantification by stable
isotope dilution assay (SIDA)

Quantification of BPA via SIDA was carried out by addition of D,-
BPA standard to beers at the very beginning of sample preparation.
Therefore, sample loss during workup is considered by internal
standard and associated errors are eliminated [17]. Isotope stan-
dard bear the same physical and chemical properties e.g. boiling
point, solubility, acidity, reactivity, and their GC characteristics
are also very similar. Consequently both substances, analyte and
standard, could be identified by means of their retention times
(11.7 minutes). Quantification can be conducted by means of peak
area integration of SIM-MS ion traces because EI molecular- and
fragment ions of BPA and D -BPA show same intensities. Figure 3
shows SIM-MS (m/z = 213 and m/z = 217) chromatograms for
BPA and D,-BPA. Bis-O-trimethylsilyl- (-Si(CH,),) derivates of
BPA and D,-BPA exhibited SIM-MS ions at m/z = 357 and 361,
respectively. The derivates have longer retention times at same
GC conditions (20.5 minutes) and their GC peak profile might be
better especially when column performance is low.

Figure 3 shows the SIM chromatograms (m/z 213 (BPA) and
m/z217(D,-BPA) and demonstrates the fact D,-BPA exhibits only
a 0.02 s shift in retention time compared to BPA. Compared to
commercially available D,- and D, -BPA standards, this property
of D,-BPA is a major advantage. A decreased retention time of
deuterated compounds is commonly observed even their mass is
higher. This shift in retention time was especially observed for
D,-BPA. Changes in retention time of standard and analyte might
lead to misinterpretations (cf. Ackerman et al. [18]).

As stated above one severe advantage of isotope standards is
their identical physical and chemical behavior during sample
work up. A second advantage is their behavior at electron impact
(EI)-MS conditions. Here, intensities of hydrogen and deuterium
containing fragment ions can directly be compared and used
for accurate quantification. Figure 4 illustrates mass spectra of
a BPA and D,-BPA mixture. Their molecular mass difference
of four units is explicitly visible for molecular ion peak (BPA
m/z =228 and D,-BPA m/z = 232) as well as for basepeak (BPA
m/z= 213 and D,-BPA m/z =217, [M*-CH,’]). EI-MS fragmen-
tation reactions lead to m/z = 119 and 91 (BPA) and m/z = 121
and 93 (D,-BPA) by scission of phenolic bonds whereby two
deuterium atoms are lost. This fragmentation reaction seems to be
weakly influenced by the H- to D- exchange. Therefore, m/z=213
and 217 were used for quantification.

3.2 Limit of detection and quantification

Limit of detection (LOD) and limit of quantification (LOQ) were
determined by signal to noiseratio (S/N). S/N>9is defined as limit

of quantification (LOQ), S/N > 3 is defined as limit of detection
(LOD). LOQ for BPA was 0.1 ug/L, LOD 0.04 ng/L.

3.3 Results of beer analysis

The established method was used to determine canned beer BPA
levels. The complex beer matrix required an extensive but “easy
to handle” sample preparation via NH,- and RP18E SPE. Data
for canned beers are given as mean values of BPA concentrations.
Samples were prepared and measured in triplicate, error bars are
included (Fig. 5).

Maximum BPA levels were detected in canned beer of brewery
A (6.6 ng BPA/L), lowest concentration of 1.9 ng BPA/L in cans
of brewery E. Mean value of all tested beers was 4.2 ng BPA/L.
However, much higher levels were found in canned fruits and
vegetables, BPA levels determined in beer are in the same range
as those of other beverages (cf. Table 1). Matching concentrations
may accord to comparable product pH, carbonation, packaging
and processing properties. A major difference between food and
beverages may be caused by heat treatment. Beverages usually
are subject to pasteurization (> 65 °C), whereas canned food is
exposed higher temperatures (> 100 °C).

4 Conclusion and outlook

The present paper describes a simple, fast and cost-effective work-
up procedure and determination method for BPA in beer samples.
By dual SPE extraction analyte enrichment was reached and com-
plex beer matrix could be removed to a great extend. Utilization
of stable isotope dilution assay (SIDA) enabled a highly sensitive
GC-EI-SIM-MS analysis of BPA in beer. By use of labmade D,-
labelled stable isotope standard direct and accurate quantification
of BPA was achieved. BPA concentrations in seven randomly
chosen canned beers ranged from 1pug BPA/L to 6.5 ng BPA/L.
Compared to other canned foodstuff these amounts are low and
presumably safe. BPA uptake for a 70 kg adult consuming 1 L of
canned beer containing 6.5 ug BPA/L (maximum ascertained value)
per day is 0.09 pg/kg day. Drawn to the TDI of 50 pg /kg day this
accounts to be less than 0.2 %. In addition BPA concentrations
are below the limit value proposed for beverages by EFSA [15].
However, BPA is a crucial topic. It was demonstrated as endocrine
disruptorand is currently widespread in nature. Further restrictions
and regulations for manufacturers, importers and users (such as
breweries) of BPA where announced by UBA [1]. In the future,
one cannot exclude BPA is completely banned for any applications
like in food packaging. For all these reasons a frequent analytical
monitoring of foods and beverages may be very useful to identify
changes and to inform the consumer.
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Appendix

Table 1 Concentration of BPA in different canned foodstuffs
Type of canned foodstuff BPA [pg/L] or [ng/kg] Reference
Vegetables 23.9 [6]
Fruits 10.5 [6]
Dairy products 31.0 [7]
Soft drinks 1-4.5 [2]
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Fig.1  Original Bisphenol A molecule and as a monomer unit of polycarbonate plastics (PC)
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Fig.4  Matching EI-MS spectra of BPA and D -BPA
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Fig.5 Comparison of BPA concentration ascertained in canned beers of seven randomly selected breweries




