CHAPTER

INTRODUCTION

1.1 Problem Definition

Today’s food cans vanet/ es, sizes, and designs. Most are

covered with some kind o 7 - v ing. This internal coating must be
made stable during heating*Process and th zh shelf life of canned food. In
addition, the internal co os fo | resistant to rigorous conditions caused

For over forty eais, gpo: xtensively used in various can
coating applications. EpoXy gesin i i ased for both food and beverage
cans, because of its exce] ional -combin » properties such as toughness,
adhesion, and chemical resmtamo‘ﬁ&?t, han epoxy resins, PVC organosol lacquers

are more frequentlysfound in cans with “casy-open=-hid _i: in deep-drawn two-piece

The e Efﬁaﬁﬁﬂﬁ(ﬁﬁ gi ﬁ:n (BADGE) as the cross-
linking agent %ﬁ 1)¥In bisphenol-F-diglycidyl
ether gé] ﬁ)l are used as additivés for the elimination of surplus hydrochloric acid

€

apparchlyHermbdiiing e obtingnd o i ol rotedus] £

Both coating types contain residual BADGE and BFDGE monomers and small
oligomers that may migrate into the food. In organosols, BADGE and BFDGE are
used to remove hydrochloric acid, which result in formation of chlorohydroxy
compounds such as BADGE.HCI, BADGE.2HCI, BFDGE.HCI and BFDGE.2HCl.
The remaining epoxy groups of BADGE and BFDGE may readily be hydrolyzed

when contact with aqueous and acidic foods which may result in the formation of



mono- and di-hydrolyzed products such as BADGE.H,O, BADGE.2H,0,
BADGE.HCI.H,0, BFDGE.H,0, BFDGE.2H,;0, and BFDGE.HCI.H,0. Structures of

the reaction products are shown in Figure 1.1.
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Figure 1.1. Stru¢tures of BADGE, BFDGE and their derivatives.
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food packaging are potential adverse health effects on consumer exposed to these

compounds. Recently, epoxy compounds are known as alkylating agents and may
have specific cytotoxic actions in tissues affecting rates of cell division. This toxicity
depends mainly on fractional concentration of unreacted epoxy groups. Moreover, the
chlorohydroxy are also considered potentially toxic because of their structural analogy

to the genotoxic monochloropropanediol and other chloropropanols (7).



1.2 Regulatory Standards in the European Union

The European Commission restricted extension of the legislation on plastics
for food content to surface coatings on cans. In 1990, the Commission of the
European Communities established a specific migration limit (SML) for bisphenol A
at 3 mg/kg in food or food simulant, and for BADGE at 0.02 mg/kg in food or food
simulant (2). Because of the lack of evidence concerhing carcinogenic effect of
BADGE in in vivo studies, in 1997, a
of BADGE.H,O0, BADGE.HCI,

limit was defined at 1.0 mg/kg for the sum
d BADGE.HCLH,O (/). So far the
data of toxicological studi

' U ' cated no carcinogenic activity for
BADGE and BADG

E.2150 Thus. the waned the 1.0 mg/kg limit in
1999 (3) awaiting pendi ’ \IBK

ical data.

After the action “authe the industry started to replace
BADGE with simil Noy ther (NOGE) that is made
from BFDGE. BFDG itives because of insufficient
in toxicity data. In 2001 L of 1.0 mg/kg for BADGE,

4). The EU SCF is currently waiting for

3B and their reaction products with HCI
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1.3 Literature Re E

a) Literature @ yﬂ?]\ﬂ EJ n&wﬂ%ﬁﬂ in Food Simulants:
Nidhion aenkd | mymad’n NV o on 1

snmulants rather than on the foods themselves. Foods are complex mixtures of

variable compositions and their analyses can have many drawbacks in both analytical
and practical aspects. Therefore, food simulants have been selected as models for
various categories of foods (aqueous, acidic, alcoholic, and fatty) as simplified

migration replica.



Paseiro-Losada and co-workers proposed HPLC method for determining the
migration of bisphenol-A-diglycidyl ether in aqueous-base food simulants. In this
work, RP-HPLC with fluorescence detection was used to study BADGE (5), and its
hydrolysis products (6;7). They also presented the identification of bisphenol-F,
BADGE, BFDGE, and their hydrolysis products by thermospray mass spectrometry
(8) and gas chromatography/mass spectrometry (9).

The team also studied mlgratlon in fatty food simulants (olive oil) during
processing and storage (/0). The d greater BADGE migration during
the first 30 minutes of wﬁﬁng at 121 °C than during storage
(accelerated study at 4?@5)\’

Salafranca and

BADGE in aqueous bas

aﬁf{e&hod used direct immersion of

solid-phase microextracti v ME) 10, ex wﬁialytes from liquid matrix
followed by subseque | » -MS. The SPME method
showed good perform imul s of BPA and BADGE but
showed poor performanc fof:EDG queous alcohol solution because of

' gt i _. - £
e:i of both processing and
storage on the mlgrat of BADGE 1nto the can conteﬂ*s Non-processing (filling of

oil at room te eﬁlg (ﬁ zai ﬁ %é urable mi ratlon even for long storage
periods wherﬁ ed m n&le’r] led to migration of
BADGE from the lacquer into the filling (/12). e,
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Ialungma-Lopez and Soto-Valdez determined the effect of heat processing and

Simoneau : co-workers r

storage time on the migration of BPA and BADGE in aqueous food simulants in two
types of cans used in Mexico: tuna and jalapefio peppers. The results showed that heat
processing enhanced the rate of migration for both compounds in both types of cans.
Storage time did not show any effect in BPA migration from tuna cans while the

effect was detected in jalapefio peppers cans. Because BADGE was hydrolyzed in



aqueous simulants, its concentration decreased during storage in both types of cans

(13).

b) Literature reviews on The Stability of Starting Substances in Aqueous and Fatty
Foodstuffs:

Paseiro-Losada and co-workers characterized potentially toxic compounds and

hydrolysis products of BADGE and BFDGE by studying BADGE degradation

kinetics in three water-based food si \l . B%(w/v) acetic acid, distilled water, and
& t

15%(v/v) ethanol, recomm /4). They reported the half-life,
Arrhenius constants, ?cn 'fner@ reactions. First-orders rate
coefficients for the hydrolysis“fedctio €: imulant at 40, 50, and 60 °C were

_;

simulants and shortes ofic aci j Ad ring g appeared to involve acid

catalysis. The kinetics @ ad f Bl in the three water-based food

well (15). The half-life of BF

et k"

acid. Hydrolysis of @DGE was slightly slowg‘;“tgf the BADGE.

Philo and co-@rké'f st

in three aqueous food sqng.ants and in fattuood simulants such as olive oil (/6). The

accelerated stﬂeu1EsJ @ %ﬁ%t%%ﬂflrﬂ(ﬂjiADGE in all aqueous

simulants but dhly 15-25% was los} in olive oil. The data confirmed the observations
L2

=%
of Paﬂoﬁﬂﬁq ﬂ)?m moi}?]ﬂfﬁlorra tected in olive oil
samplesibecause of partial hydrolysis of BADGE by trace o n olive oil. In a

related study, the BFDGE degradation products in water-based food simulants were

0 Bﬂ)GE and epoxide monomers

identified using RPLC with detection by thermospray mass-spectrometry and GC-MS
).

Biedermann and his group studied the migration from epoxy-based can
coatings into edible oils and found these oils very efficiently extracted BADGE from

the coatings and protected it from total hydrolysis. They showed that oil-preserved



BADGE survived for 3 hours in 3% hydrochloric acid implying that BADGE may
pass through the stomach without being hydrolyzed (7).

¢) Literature reviews on The Contamination from Packaging Materials in Foods:

Brotons ef al. reported that up to 23 pg of BPA/can was found in the aqueous
portion of canned vegetable but the total residue of BPA in food content was not

measured (8). In addition, migrated BPA in infants formula liquid concentrates from

epoxy can coatings was found a 1?%‘1;//&5 and co-workers (19).
Yoshida et al. dwwtxl n@he determination of BPA that

migrated into canned as ‘mainly detected in the solid

portion of canned food lof 11 pg/can (20).

rland by Biedermann er al.

in the oil of canned sardines

ration ' s'and oligomers of BADGE
too (21). A total of 200 samp—les have been analyzed a!ﬁh 30 samples where BADGE

existed at d cﬁlﬁ&cenﬁaﬂons further analyzed for chlorohydroxy

lﬂﬂ&ﬁﬁoﬂﬂ ’]lglritxons of BADGE with

hydrochloric ac1d can release ffom organosols during heat curing. Usually,
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samplesqthe concentrations of BADGE.HCI and BADGE.2HCI far exceeded BADGE.

compounds

The presence of chlorine in can coatings were confirmed by flame (Beilstein) method.
The glycidoxy-terminated dimers and trimers of BADGE concentration are detected
at higher concentration than for BADGE. In extreme sample, they found 80 pg of
BADGE/kg along with 1,600 pg of dimer/kg and 1,800 pg of trimer/kg.



Simoneau et al. reported the results of a large European survey on the
quantification of BADGE in 382 samples in canned fish from all Member States of
the EU (22, 23). Although the results showed that the concentration that mostly
exceeded the limit set by the European Commission (1999) often derived from the
long storage cans and cans of smaller dimensions, it was found that the extractable
amounts presented in the can were not related to the concentration found in the food
itself (24). In another study on the BADGE contents in dairy products such as cream
and vegetable oils and their cans, the results showed that no migration of BADGE
occurred in sterilized milk and 011 ounts were present in the bodies of the
vegetable oil cans (25). F et al. reported BADGE at level
exceeding 1 mg/kg in 12 emed sdnplmd -oil, meat and milk (26).

Biles and co- wor/ S 'r NDGE in canned foods, diet
kb,

Cola beverages and 1 S gzn e level of BADGE in the
A later investigatidn founid {hé reaction products of BADGE (BADGE.HCI

foods surveyed in this etectable (<0.3 ppb) to 50 mg/kg.

] foods in Swiss market (27). In
addition, Cottier and Bledermanﬂﬁm,s een identified several other potential

migrants from organg_gol lacqa;;s (f:? 2‘9)

The levels of Bj;DGE‘. 20 a food samples were recently

reported by Rauter ef aly (30). BADGE.2Ho© was found in concentration up to 0.5

e, s G U Y BT b i

The data indicatéd further denvatlzag.lon of both di éllymdyl ethers durmg hydrolysis.

q wa’]ﬂ@ ﬂggzwieayngg l]XD%JEqMQ tl%l chlorohydroxy
compounds in 30 brands of canned foods. BADGE was founded at levels up to 5.1
mg/kg in the food and only from cans coated with chlorine containing lacquers.
BADGE was found in both fish-in-oil and in fish-in-tomato-sauce, however, the
highest amounts were found in the fatty foodstuffs. In aqueous and acidic foodstuffs
BADGE readily hydrolyzed into mono- and di- hydroiyzed products, BADGE.H,O
and BADGE.2H,0. The study detected only BADGE.2H,O at levels up to 2.6 mg/kg
but did not find BADGE.H,0 (31).



After the EU regulations were introduced, the industry had substituted
BADGE with resins of novolac glycidyl ethers containing BFDGE. Concentrations of
NOGE in oily foods such as tuna in oil, rapidly rose to the level previously found for
BADGE, i.e. up to 20 mg/kg (21). Bronz et al. was the first group to investigate
BFDGE and NOGE in canned foods. From the investigation, they found that 20
samples out of 217 canned foods contained BFDGE at concentrations exceeding 20
pg/kg. For some of them, the three- and four-ring NOGE were analyzed. The
chlorohydroxy derivatives, the hydrolysis products, and the oligomers of NOGE were

in many of these samples, resultln i’l W/ngly complex mixture (32).

Theobald et al. reﬁconﬁm (&n cans, lids and fish collected

only low percentage of canned

products exceeded the tempora.ry erance

%
"'".-ll' r“'rf :'

all derivatives (34 ,_I'Uematsu and co-woﬂ_cg@?‘ |

erages (containing ready-to-

he Japanese market and

reported 46 samples.of ¢
drink coffee and vegetables). on th{]‘eaction products of BADGE
and BFDGE, primarily,fchlorohydrins of ¢he two components (35). BADGE.2HCI

was found in ﬂ Ldried calnpld and Hie saniples of dorn) While BFDGE.2HCI was

detected in foutﬂ&amples of canned tomatoes and i in one of canne orn. The Beilstein

et R AR I FEIFA AN EfﬁFE?‘?fl' e

cans with at least one part coated with a PVC organosols. They concluded that the
migration of chlorohydrin derivatives in aqueous foods were at lower level in the

Japanese market (34).



d) Literature review of The Analytical Procedures:

Several methods were described in the literatures for the analysis of BADGE,
BFDGE and their reaction products in food simulants by chromatographic techniques.
Most published methods used reversed-phase HPLC on C18 or C8 silica gels with
mixture of acetonitrile/water as mobile phase. Fluorescence detection (FD) was
mostly used (16, 36, 37, 38). Mass spectrometry was also coupled with RPLC (8, 39,
40). RPLC-MS-MS was also proposed for the analysis of BADGE in food after

freeze-drying of the product (41%_ LC determination, the fat or oil in

samples has to be remove ile normal phase HPLC enabled

direct injection of organ@omﬁlly 28, 42).

13, 35). GC-MS of
confirmation (29, 43, 44).

determination of the oligé

i W i, 24
Biedermann and co or@"

.}
of these compounds startmg

confirmed by acetyl)on and a;aiy';w gy

fractions were colleciéd and ana
adequate separations g&h ethanol a
co-elution of other compgdunds.
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L1ntsch13£er and Rauter separated al of BADGE@DGE and their
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(46). To"achieve sufficient resolution of BADGE.H,O and BADGE.HCL.H,O, they

used a system of methanol/water under isocratic conditions.

1.4 Hypothesis

At first, oily and fatty canned foods were considered as high risk products badly

contaminated by can coatings because oil swells and extracts coating constituents out.
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In addition, oils and fats tend to protect the epoxy groups from further hydrolysis.
However, results from many studies indicated that aqueous foods, regardless of the
missing of BADGE and BFDGE, did not imply contamination free. The released
epoxides (BADGE and BFDGE) can be readily converted to many hydrolysis
products and contaminated the food content. When used as scavengers in organosol
coatings, BADGE and BFDGE are converted to chlorohydrins (29). Thus, in this
study, we tried to determine the contamination of BADGE, BFDGE and all their
major derivatives in aqueous-based canned foods and oil-in-water canned foods.
the BADGE/BFDGE and their polar

is selected for simultaneous

Because of the difference in polari

reaction products, gradien

determination method.

=Z
Since sample Pre '

separate methods weré"deyelo
foods.

— ".-il'

of BADGE and BEBGE in both aqué:)us . od" simulants. There are also

many reports on contamination of BADGE, BEDGE and some derivatives from can

coatings and suggestlcg of pos ible h ow%r, reported analysis methods

are rather cumbersome including many steps, using more than one instrument. Up to

now, there 1sﬂoumﬂ@ Hedfoh JabveioBéd ffok “SfdiEneous determination of

BADGE and BFDGE along with Lheir key hycilynohlysis and chlorohydroxy products.
= @W’Fﬁ\?‘ﬂ@m%‘m‘ﬁdﬂﬂfr@rﬁl‘m here ¢
popularity peaks and sets out to be a new staple. There should be a safety evaluation
of canned food in local market where variety of unique food types palatable to the
Thais are available such as sardines-in-tomato-sauce, Tom-Yum sardines, tuna steak,
fruit in syrup, special beverages, etc. Since the matrixes of Thai foods afe different
from the international ones, new sample preparation method and analysis method

must be developed.
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We intended to develop a method for simultaneous determination of BADGE,
BFDGE and 10 of their derivatives namely BADGE.H,O, BADGE.2H,0,
BADGE.HCIL.H,0, BADGE.HCl, BADGE.2HCl, BFDGE.H,O, BFDGE.2H;0,
BFDGE.HC1.H,0, BFDGE.HCI, BFDGE.2HCI. Two sample preparation procedures
were developed for oil-in-water and aqueous-based foods since the matrixes as well as
the derivatives presence were different. In this research, pre-cooked tuna was chosen
as representative for the matrix of oil-in-water-base samples because canned tuna

earns the highest export values for Thailand. For the aqueous-base foods, canned

materials: Bisphenol gl 1dyl ether (BFDGE.H;0),

Bisphenol F (3-chloro-2- kybropy!) glycidyl ether (BFDGE.HCI), and Bisphenol

"N

F (3-chloro-2-hydrox oyl) £.3-dihydr \ ther (BFDGE.HCI.H,0).
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