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Highlights
e First report of BPA detection in tinplate cans manufactured in Lebanon

e BPA levels in aqueous simulant from sterilized cans ranged between 80 and 150 pg/kg

e Sterilization process accelerated BPA migration (around 10.5 pg/dm?)



Effect of sterilization and storage conditions on the migration of
bisphenol A from tinplate cans of the Lebanese market

The use of bisphenol A (BPA) in lacquer coating of food cans has been restricted
by different authorities in many countries, such as in Europe. However, such
regulation does not exist in many countries as Lebanon. Due to the lack of data
on the quality of Lebanese can production, this study investigates the migration
of BPA from two types of tinplate cans manufactured in Lebanon, before and
after sterilization. Cans were analyzed under different storage conditions (time
and temperature) and filled with an aqueous simulant. The determination of BPA
was carried out using UPLC with fluorescence detection, and further confirmed
by MS detection. After sterilization BPA levels drastically increased from an
average of 0.15 to 109 pug/kg, giving a BPA migration around 10.5 pg/dm? for
both types of cans. Storage temperature and time had no significant influence on
BPA levels in sterilized cans (p-value > 0.05); on the opposite, these factors
significantly affected BPA levels in non-sterilized cans.

Keywords: bisphenol A, tinplate cans, aqueous food simulant, sterilization,
storage conditions.



Introduction

Bisphenol A (BPA) or 2,2-bis(4-hydroxyphenyl)propane is a chemical used as a
monomer in the manufacturing of resins and plastics in order to prevent direct contact
between the metal wall of the can and the food/ beverage as well as to protect the inside
wall of the can from rusting and corrosion. As BPA was discovered to have estrogenic
activity (Rubin 2011), it gained a great concern in the past few years since BPA free
monomers can migrate in residual amounts into food or beverages once packed in
materials containing the substance, so that BPA may further interrupt our endocrine
system once ingested (Haffner et al. 2010; Oldring et al. 2014). Moreover, many studies
have reported possible association between BPA ingestion and various health hazards
such as heart disease including heart attacks, coronary heart disease, and angina as well
as decreased sexual desire, erectile, and ejaculatory problems (Li et al. 2010; Melzer et
al. 2010). Due to health concern, the European Commission has set the specific
migration limit of 600 pg/kg for BPA in plastic materials and articles intended to come
in contact with foodstuffs (EU Regulation 10/2011) (European Union 2011). Very
recently, on January 2015, France even banned the use of BPA in all food contact
materials (République frangaise 2012). Still in 2015, the EFSA (European Food Safety
Authority) issued risk assessments for consumers and revised its BPA temporary
Tolerable Daily Intake (t-TDI) to 4 instead of 50 pg/kg bw per day (Efsa 2015). Upon
assessment of external exposure to BPA from all sources, diet was found the main
source for all population groups, specifically due to canned food (Efsa 2015). Even if
dietary exposure is not at risk according to the EFSA, conclusions from other agencies
widely differed. In particular, the French Anses and the Danish Food Institute still
consider that risk associated with the presence of BPA in diet, especially due to canned
food, may not be excluded (Anses 2015; DTU Food 2015). Hence, the EFSA continues
to work on this topic in 2017, especially by reviewing all the scientific evidence
published after 2012 and relevant for BPA hazard characterization (including
immunotoxicity) (Efsa 2016).

Many studies showed migration of BPA from packaging into food. Most of them
focused on epoxy lining in tinplate cans which is expected to present the highest
possible migration among other food packaging. According to a study on Belgian
market, BPA ranged between 1 and 40.3 pg/kg in canned food (Geens et al. 2010).
Similar values (average of 1.1 pug/kg) were reported in baby food packed in glass jars
with metal lids coated with epoxy lining present in the Canadian market (Cao et al.
2009b). Up to 730 pg/kg has been even reported in highly consumed canned food on the
U.S. market (Noonan et al. 2011). The migration of BPA in canned food in nine cities
of China was reported to be higher than in food preserved with other types of
packaging, with an average BPA concentration around 20 pg/kg (Liao et al. 2014). This
issue was highly discussed in many other countries, but to our best knowledge there is a
lack of data in Lebanon, where tinplate cans are manufactured and used in the food
industry. In addition, since Lebanese cuisine is highly appreciated regionally and
recognized globally, considerable amounts of canned food are being exported annually
to Europe, the US, and neighboring countries (according to the Lebanese customs on
national trades, the average of annual exportation over the 2013-2016 period is about
29,000 tons of canned food) (Lebanese Customs 2017). Consequently, it is of prime
importance to insure the validity of this production sector.

Therefore, the aim of the present work was to study the effect of storage time and
temperature as well as the sterilization process on the migration of BPA into aqueous



food simulants packed in two different types of tinplate cans manufactured in Lebanon
and dedicated to non-acidic aqueous foods. The experiments were planned using a full
factorial design and the significance of the effect of each parameter was established
using the p-value approach. BPA was quantified by UPLC/Fluorescence and confirmed
using UPLC/MS. Our results give a preview of BPA levels that shall migrate from
Lebanese tinplate cans into food, which is of concern with respect to exposure
assessment of both the Lebanese population (for which there is a lack of data until now,
despite its high consumption of canned food) and the European population since
Lebanese canned foods are widely exported to Europe.

Materials and method

Reagents

Bisphenol A (BPA, 99.9% purity, 228.29 g/mol) was purchased from Fluka Analytical
(France). Ethanol, methanol and acetonitrile (HPLC-plus gradient grade) were obtained
from Carlo Erba (France). Ultrapure, Milli-Q, water (18.2 MQ/cm at 25°C) was
produced by an Integral 3 water purification system from Millipore®.

Sample collection

Tinplate cans were manufactured in one of the biggest canning factories in Lebanon.
According to the manufacturer, the raw tinplate sheets were imported from France while
the liquid epoxy coating was coming from Italy. In the plant, the tinplate sheets had
been coated with wet epoxy resins, cross linked with phenolic binders, and cured in an
oven for 20 min at 200°C. The sheets were then cut and shaped into cylinders by
electric welding. Additional epoxy-phenolic powder was applied on the welding side
and subjected to another curing. Two types of cans were collected; the cans of each type
were from the same batch, while both types of cans were produced within the same
period. Cans of the first type were intended for packing vegetables (fava beans, okra)
and fruits; the epoxy-phenolic resin was pigmented with titanium oxide to give a white
appearance (18 cans: 10.1 cm height, 7.3 cm diameter, 400 g capacity, food contact
surface area of 3.15 dm?). The cans of the second category were of smaller size and
used to pack processed meat; the epoxy-phenolic resin was pigmented with carbon
black, giving a gray appearance, and covered with wax layer to facilitate meat sliding
from the can (17 cans: 5.3 cm height, 7.3 cm diameter, and 140 g capacity, food contact
surface area of 2.05 dm?). Large and small cans are referred to as (L) and (S)
respectively. All cans were three-piece cans with easy open ends.

Analytical instruments and conditions

UPLC/Fluorescence

A UPLC Agilent® 1260 Infinity Series system equipped with a multi-wave fluorescence
detector was used for quantification of BPA. The system was accompanied with an
autosampler; the injected volume was set at 20 pl.Pentafluorophenyl grafted octadecyl
silica column (C18-PFP, 150%2.1 mm ID, 2um particle size, ACE®) was used for the
separation of targeted compound at constant temperature of 25°C. The mobile phase,
consisting of water (A) and acetonitrile (B), was pumped at a flow rate of 0.4 ml/min
and the following binary gradient was applied: 0 to 5 min - 30% B, 8 to 12 min - 40%



B, 14 to 17 min - 100% B, and 17 to 20 min - back to 30% B. For detection of BPA,
excitation and emission wavelengths were set at 230 nm and 316 nm respectively. Data
were exported using ChemStation (Agilent, LC1260).

UPLC/MS

The confirmation of BPA peak was carried out on a UPLC XEVO G2S® (Waters,
France) system equipped with quantitative time-of-flight mass spectrometry detector
(QuanTof™ MS) incorporating StepWave'™ ion optics, using the same
chromatographic column as previously. Mass spectrometer was equipped with
electrospray ionization mode switching (ESCi) source, operating in negative mode (EST
). The mobile phase was composed of water plus 10 mM of ammonium formate (A) and
methanol (B).The flow rate of mobile phase was 0.3 ml/min with gradient: 0 to 5 min -
50% B, 8 to 12 min - 60% B, 14 to 17 min - 100% B and 17 to 20 min - back to 50% B.
The injection was automatic with 10 pL injection volume. For each analysis a full scan
spectrum (mass range 190-600 m/z, scan time 0.5 s) was acquired for identification
purposes under the following conditions: capillary voltage 1 kV; sample cone and
source offset 65 and 45 a.u, respectively. Desolvation and cone gas flow were
respectively 600 and 20 L/min, while desolvation and source temperature were set at
500 and 130°C. Data acquisition was performed on MassLynx™ version 4.

Sample preparation

Since the majority of canned foodstuffs concerned by the studied tinplate cans here are
aqueous (estimated range 60-95% of water / net weight), we initially chose 10% ethanol
as food simulant according to EU Regulation 10/2011(European Union 2011).
However, most of the cans containing 10% ethanol failed to support sterilization. Since
BPA levels in the few cans filled with 10% ethanol that passed the sterilization process
were similar to the levels found using water for the same type of cans, water was finally
retained as the simulant in all our experiments. Other authors have also used water as
simulant since it was recommended in previous European regulation. In the case of
BPA, water could be more appropriate than 10% ethanol since the latter was reported to
overestimate BPA migration as compared to foods (Goodson et al. 2004).

(L) and (S) cans were filled with 350 and 175 ml of water respectively, leading to 111
and 85 mL/dm? as values of the ratio between simulant volume and food contact surface
area for (L) and (S) cans respectively. Cans were manually sealed and sterilized in two
different batches (15 cans per batch, randomly distributed in the pilot) in an ACB
autoclave for 30 min at 121°C. Some cans were sealed without sterilization in order to
investigate the effect of sterilization. Sterilized and non-sterilized samples are referred
to as (HP) and (NHP) respectively (HP meaning heat process).

Aliquots from (HP) samples were diluted ten times with 30% acetonitrile prior to UPLC
analysis due to the presence of high concentrations of BPA after sterilization. On the
other hand, (NHP) samples were found to have non-detectable levels of BPA when
directly analyzed; therefore, the latter required pre-concentration by SPE before
analysis. For that purpose, Supelco-HLB (60 mg/3 mL) cartridges (SPE manual
Visiprep™ system used) were conditioned and equilibrated with 5 mL of methanol
followed by 5 mL of ultrapure water. After percolation of the sample (10 mL) onto the
SPE cartridge and washing with 5 mL of water/methanol 95:5 (v/v), each extract was
eluted with 5 mL of methanol. After subsequent evaporation to dryness under nitrogen
flow at 40°C, residues were recovered with 1 mL water/acetonitrile 70/30 (v/v) and
analyzed. Background contamination arising from lab ware was avoided by rising



glassware with methanol before use. Blank samples were also performed to investigate
possible BPA contamination coming from the SPE cartridges or the simulant.

Storage conditions

Heat processing as well as storage time and temperature are expected to be the primary
influencing parameters on the migration of BPA into food simulant (Munguia-Lopez et
al. 2001). In this study, (HP) and (NHP) cans filled with the simulant were stored from
one to fifteen days at 5, 22.5 and 40°C. Since most of studies investigated the short term
migration of BPA, we tested the effect of long term storage of cans at room temperature
through accelerated aging under 60°C for 10 days (equivalent to 6 months at room
temperature) according to EU Regulation 10/2011 (European Union 2011).

Procedure used in the experimental design

Plackett—Burman designs constitute a variation of saturated fractional designs, allowing
the evaluation of the weight of each factor on the outcomes as well as the effect of
interaction between these factors (Jalbani et al. 2006). For evaluating the effect of two
factors (storage time and temperature for HP samples) as well as their possible
interactions, a Central Composite Design (CCD) with ten experiments has been built.
This full factorial design 3? contains center points in addition to one repetition of one
experiment. Three levels per factor were chosen as low (-), middle (0) and high (+)
levels representing 1, 8, 15 days of storage time and 5, 22.5, 40°C of storage
temperature, respectively. The CCD matrix was performed on both (L) and (S) cans. All
the experimental data were processed using JMP 10 Design of Experiments and
Microsoft Excel 2007. In order to establish statistical differences between the means of
BPA concentration in food stimulants stored under different conditions, a multi-factor
analysis of variance, with least significant difference (LSD) at significance level 0.05,
was calculated by Fisher’s test.

Results and discussion
Quality assurance

Analytical performance

Quantification was performed with external calibration of integrated peak areas of ten
points in the range between 0.25 and 40 pug/L by diluting the stock solution with 70:30
(v/v) of water/ acetonitrile mixture. Linearity with R? value 0.999 was observed for
BPA’s calibration over the range 0.25-40 pg/L (Table 1). Precision under repeatability
and reproducibility conditions were also estimated from standard deviation of five
calibration curves. The deviation between different calibration curves was < 5%. Intra-
day and inter-day precision of instrument were determined through injecting three
different standards (0.1, 20 and 40 pg/L) and one (HP) sample within the same day or
on three different days (n=5), respectively. The instrumental within-day repeatability
and between-day reproducibility are acceptable (< 5 and 10% respectively) as indicated
in Table 1.



Table 1: Method performance and accuracy.

BPA RSD  Calibration Regression
concentration (%) equation coefficient °
(ng/L)

. . B y=18.25(£1.5)x- 2
Linearity 0.25-40 4.83(+3.5) R”=0.999
LOD # 0.1
MDL’ 0.01
LOQ*® 0.25
MQL 0.025

0.1 4.39
Within-day 20 0.33
repeatability © 40 0.24

(HP) sample ¢ 0.51
Between-day 20 6.52
reproducibility © 40 9.47
bRepeatablhty } %7 0.4

etween cans
Recovery &0 0.08 110 £ 1.5%

1 98 +2.6%

a1 = 10; ® mean regression coefficient (n=5)

“n=5 injections of one solution per level

4 (HP) samples around 100 pg/L, diluted 10 times before injection
¢ n=5 injections per day over 3 days of one solution per level

12 cans - 3 different batches

£n=3

" mean recovery + RSD

Detection and quantification limits

Instrumental LOD and LOQ were determined by preparing 5 replicates of 10 calibration
standards, ranging between 0.1 and 1 ug/L, each replicate being analyzed twice. The
repeatability (expressed as % RSD) at each level was calculated based on these 10
values per level. LOD and LOQ were then estimated as the BPA concentrations leading
to RSD of 30 and 10%, respectively. LOQ was then experimentally checked when
assessing the calibration curve. Method detection and quantification limits (MDL and
MQL) were estimated by dividing respectively LOD and LOQ by the method pre-
concentration factor (fc = 10). The results are shown in Table 1.

In order to investigate method selectivity and the absence of any interferences of BPA
coming from the analytical method, 10 sample blanks (i.e. ultrapure water) were
allowed to run through SPE cartridges and through the rest of the method. After the
analysis of these sample blanks on UPLC system, no interferences appeared to elute at
the retention time of BPA.



BPA pre-concentration recovery

Two levels of BPA (0.08 and 1 pg/L) were fortified into water samples of 10 mL (n=3)
and SPE extraction was conducted under the same conditions as previously detailed for
(NHP) samples. The mean recovery ranged between 98+2.6% and 110+1.5% as
indicated in Table 1.

Sterilization repeatability

Repeatability in sterilization between different batches as well as the homogenous
distribution of temperature in the pilot was tested. Fifteen cans of (L) type, each
containing 350 mL of water, were sterilized in three different batches. The samples
were distributed randomly in the autoclave. Three cans (one per batch) were dedicated
to temperature controlling samples in order to follow the temperature variation inside
the cans during the sterilization duration, and the other 12 cans were used for testing
between-batch repeatability of BPA migration during sterilization. The process was

highly repeatable with a variation coefficient not exceeding 10% as indicated in Table
1.

Peak confirmation by UPLC/MS analysis

Chromatograms obtained with UPLC/Fluorescence were very close for sterilized or
non-sterilized samples, with only variations in BPA peak intensities depending on
storage conditions. Therefore, only a few samples were chosen to be analyzed by
UPLC/MS to ensure BPA confirmation (about 15% of total number of sterilized
samples were analyzed by UPLC/MS). The most intense ion for BPA is [M-H] at m/z =
227.108. The confirmation was done with both m/z + 0.01 and retention time + 0.05 min
(Figure 1). Two other chromatographic peaks merged with the same m/z (227.108), but
at different retention times. Further investigation is required to identify the chemical
structures corresponding to these peaks. The presence of other bisphenol analogues
(such as BPF and BPS) was also examined; however, their presence could not be
confirmed yet.



1 _ 777, 108 0 01030
21207407 BPA

11.14 min

a)

T “ a T T ana T T T ey & -
200 400 6.00 800 1000 12.00 14.00

100

b)

BPA

11.11 min

0
200 400 6.00 800 10.00 1200 14.00

Figure 1. Example of UPLC/MS chromatograms obtained upon extracting m/z = 227.108,
characteristic of BPA. (a) BPA standard (100 ug/L); (b) BPA in simulant from (HP) can.

Effect of heat processing

All canned food is subjected to sterilization and it is well known that leaching of BPA is
highly related to sterilization procedure. It is therefore interesting to study the coating
resistance to sterilization and the level of BPA that can migrate before and after heat
treatment. To our best knowledge only few studies considered the effect of sterilization
of food cans on the migration of BPA (Cottier et al. 1998; Munguia-Lopez et al. 2001;
Takao et al. 2002; Goodson et al. 2004; Cao et al. 2009a). In our work, (HP) and (NHP)
cans stored at room temperature (22.5°C) were analyzed at day 1 and day 15. Results
are presented in figure 2. BPA levels in aqueous simulant from (NHP) cans at day 1
were very low (0.1-0.2 pg/kg) whatever the type of cans; after 15 days of storage at
room temperature, BPA concentrations increased significantly in aqueous simulant from
(NHP) cans, reaching around 0.8 pg/kg. Much higher levels of BPA were found in
simulant from (HP) cans on day 1 (around 110 pg/kg), but no significant change was
noted after 15 days of storage. These results indicate that, even though free BPA
monomer can migrate from the inner coating layer into the food stimulant in the case of
non-sterilized cans stored under ambient temperature, heat processing is by far the most
contributing factor on accelerating the migration of BPA. Most of free BPA monomer
shall migrate into the canned food during the sterilization step, in agreement with data
reported by other authors (Takao et al. 2002; Goodson et al. 2004; Sajiki et al. 2007). In
particular, similar experiments using cans filled with water as an aqueous food simulant
also showed a moderate BPA level increase in (NHP) cans (from <0.2 to 12.5 + 1.3
ng/kg) after 160 days of storage, while after heat-processing migration of BPA



remained constant around 80-90 pg/kg whatever the duration of storage (0, 40, 70 and
160 days) (Munguia-Lopez et al. 2001).Yet, the same authors obtained different results
upon analyzing sterilized and non-sterilized canned fatty food simulant (sunflower oil),
where most of the samples contained BPA below LOQ even in sterilized cans at 121°C
for 50 min (Munguia-Lopez et al. 2005).This may be due to other contributing factors
such as the nature of food simulant, the coating type (they tested samples packed in cans
coated with both organosol and epoxy resins) and the sterilization conditions. Their
results showed that sterilization of fatty food simulant for 50 min at 121°C caused much
less BPA to migrate (most < LOQ) than cans autoclaved for 135 min at 111°C (54.3—
64.8 ng/kg); therefore, it can be concluded that the sterilization time is more influencing
than sterilization temperature (Munguia-Lopez et al. 2005). The same conclusion was
reported for fatty-food simulant packed in epoxy-coated cans (Kang et al. 2003). Then,
for a given sterilization time, migration is enhanced with elevated temperature as
reported: BPA concentrations in empty cans heated for 30 min at 80°C were up to 6.1
times (average 3 times) less than in those heated 30 min at 100°C (Takao et al. 2002).
So, the sterilization conditions do affect the level of BPA leaching into food although
it’s not very clear and requires further investigation to compromise between minimizing
BPA leaching while still ensuring control of bacterial hazards.

BPA (ug/kg)

120
100 -
80
60
40
20

NHP Day 1

NHP Day
HP Day 1
15 HP Day 15

Figure 2. Migration level of BPA (ug/kg of food simulant) in large (L) and small (S) cans either
sterilised (HP) or non-sterilised (NHP) and stored at room temperature for 1 or 15 days.

In our study, the level of BPA in water simulant from sterilized cans ranged between 80
and 150 pg/kg. These values are higher than the migration levels reported by most
recent studies dealing with real foodstuff present in different countries (Grumetto et al.
2008; Cao et al. 2009b; Geens et al. 2010; Liao et al. 2014; Noonan et al. 2011), but still
lower than the specific migration level (600 pg/kg) authorized by the European
regulation (European Union 2011). They are also much lower than previous reported
BPA levels (around 800 pg/kg) in water simulant from tuna cans (Fasano et al. 2012).

Effect of storage time and temperature

Considerable amount of BPA migrated during sterilization, and the BPA levels found in
sterilized cans showed only very small variations upon storage. The response surface of
experimental design as well as the effect significance of storage time and temperature
interaction is shown in figure 3 and Table 2, respectively. As the results show, there was
no significant effect of storage temperature and time, neither their interaction (p-value >



0.05), on the migration of BPA into aqueous food simulant. These results agree with
previous work reporting 80-100% of free BPA present in the can coating to migrate into
food during the sterilization stage (typically 90 min at 121°C) (Goodson et al. 2004;
Munguia-Lopez et al. 2005). Hence, for (HP) cans, storage time and temperature were
found to have a minor effect on the migration of BPA into foodstuffs and food
simulants, even with samples stored at 40°C for three months that simulates up to 3

years storage under ambient temperature (Goodson et al. 2004; Munguia-Lopez et al.
2005; Grumetto et al. 2008).
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Figure 3. Surface plot of BPA migration level (ug/kg of food simulant) in sterilised cans as a function
of storage time and temperature, (a) large (L) cans, (b) small (S) cans.



Table 2. Response and effect significance of each experiment in the (JMP) experimental

design for (HP) cans.
Experiment Storage Storage time  BPA concentration (ng/kg) p — value ?
temperature (°C) (days)
(L) type (S) type cans
cans
1 aa -1 -1 94 118 >0.05
2 aA -1 1 108 133 >0.05
3 Aa 1 -1 83 110 >0.05
4 AA 1 1 85 107 >0.05
5 a0 -1 0 92 138 >0.05
6 A0 1 0 88 126 >0.05
7 Oa 0 -1 106 112 >0.05
8 0A 0 1 80 113 >0.05
9 0 0 0 84 134 >0.05
10 0 0 0 106 150 >0.05

 probability of significant effect at 95% confidence level (p<0.05)

Types of cans

BPA migration may be affected by both the nature of the inner coating but also the
geometry of the can. In our study, (L) and (S) cans differed in both aspects, since the
former were coated with epoxy resin containing titanium oxide while the latter
contained epoxy resin with carbon black and wax. As storage conditions had no effect
on BPA levels in simulant for (HP) cans, we decided to consider these cans as two
groups: all (L) and (S) type cans (n=8 per type of cans). A Student test clearly indicated
(p-value <0.0001) that BPA mean concentration in simulant from (S) cans (122.9 ng/L)
was significantly higher than in simulant from (L) cans (92.3 pg/L). Interestingly,
taking into account the food surface contact area, there is no more evidence of
difference between (L) and (S) cans since BPA migration is around 10.5 pg/dm? for
both types of cans. This value is in the same range as BPA migration data (around 8
ng/dm?) recently reported for sterilized (127°C, 24 min) epoxy-coated cans using also
water as the aqueous simulant (Paseiro-Cerrato et al. 2017).

Estimation of long term migration of BPA

A few (NHP) and (HP) of (L) and (S) cans were stored at 60°C for 10 days. As
mentioned in European Regulation 10/2011, this accelerated test shall mimic long term
storage (above 6 months) at room temperature (or below) (European Union 2011). BPA
concentration in simulant from (NHP) cans after 10 days increased from 0.1 to 45 pg/kg
and from 0.2 to 23 pg/kg, in (L) and (S) samples respectively (figure 4). On the other
hand, the level of BPA in simulant from (HP) cans remained constant after 10 days in
(L) cans (near 105pg/kg). Again this confirms the previous conclusion that migration of
free BPA in the coating is enhanced during sterilization and that there is no further
significant migration after storage in (HP) cans. Surprisingly, in sterilized (S) cans, the
BPA level in aqueous simulant significantly decreased after 10 days at 60°C. This
unexpected result could possibly be attributed to BPA repartitioning in the coating
under this temperature. As a matter of fact, microcrystalline wax (E 905) was used in
the small cans to facilitate the meat sliding from the can, so that absorption of free BPA
released in the simulant could have occurred in the wax over storage of (S) cans.
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Figure 4. Difference in migration level of BPA (ug/kg of food simulant) in sterilised (HP) and
unsterilised (NHP) (L) and (S) cans, stored for 1 day at 22.5°C or 10 days at 60°C.

Conclusion

Our results show that sterilization, at 121°C for 30 min, greatly increases the release of
BPA into aqueous food simulant. Nevertheless, the average migration levels reached
(92 and 125 pg/kg in large and small cans respectively) were well below the EU
regulation (600 ug/kg), which suggests that the BPA migration in Lebanese production
of tinplate cans should be within the permitted limit. Interestingly, according to the
computation done on JMP design of experiments software, there was no significant
effect of short and long storage durations, under different temperatures, on sterilized
cans. On the opposite, unsterilized cans were significantly affected by storage time and
temperature, but BPA migration levels remained below those observed in sterilized
cans. Hence, our results give clear evidence of the key role of the sterilization step on
BPA migration level from tinplate cans. Consequently, the sterilization step should be
carefully monitored in order to minimize the risk of releasing free monomers from the
inner coating. Moreover, since our results show a constant level of BPA after
sterilization, regardless of the storage duration and temperature, monitoring of cans
varnishing could be helpful in minimizing, or even eliminating, these residual quantities
of BPA free monomers. Finally, this study was based on aqueous food simulant and it is
important to further investigate the migration of BPA into a wide variety of real canned
food, where many other factors might affect the long term diffusion process, such as pH
and amount of water or fat. At last, BPA is not the only compound susceptible to
migrate from inner coating and related compounds (such as bisphenol A diglycidyl
ether and its derivatives) should be investigated along with BPA to better understand
migration mechanisms or competitions.
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