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INTRODUCTION 

E 
Poxy resins have been used as components  of 
coatings for food and beverage cans for more than 
50 years Epoxies based on  blsphenol A (BPA)/4,4 - 

l sopropyhdenedlphenol ,  2,2-bls/4-hydroxyphenyl)pro-  
pane) are cleared by the Umted  Statet Food and Drug 
A d m m l t t r a h o n  (FIffA) for ute at  the food contact tu r  
face of coated cans, 1 m addmon,  blsphenol A-based ep- 
oxies are permit ted for the same use th roughout  Europe 2 
and the Pacific Rim While the E u r o p e a n U m o n / E U )  hat  
estabhshed a specific migrat ion hmlt  m food of 3 m g / k g  
[1 e ,  3 parts per mflhon (3 ppm)], FDA has not  imposed a 
comparable lmut on BPA 

While analyses to determine the potential  mlgrahon  
of BPA from coatings to food slmulants have been pub- 
h thed,  there have not  employed  collaborahvely t tudmd 
me thod t  nor  were they deve loped  to have the nece t t a ry  
performance characteristics for statable analyses m regu- 
latory food slmulants ~,4 

The pre ten t  t t u d y  war  conducted to determine the 
potential  mlgrahon  of BPA from cans coated with BPA- 
based epoxies The study, conducted m accordance with 
the p rocedure t  developed by FDA, -~ war  per formed u t  
mg food tmmla tmg  to lvent t  and hme  and tempera ture  
condmons  r ecommended  by FDA Using the results of 
the nugrahon  t tudv,  the potenhal  &etary  expoture  to 
BPA war  ethmated" 

Specifically, the postulated dietary consumphon  of a 
tubt tance  d e p e n d t  on the potenhal  level m food (e g ,  a 
value der ived from nugrahon  t tudmt)  and on the frac 
hon  of an mdwldua l ' s  diet hkelv to contact packaging 
materials containing the substance FDA employs  the 
term C o n t u m p h o n  Factor tCF) to de tcnbe  the porhon  of 
the &et  hkely to contact tpeclflc packaging matena l t  5 In 
addmon ,  to account for the variable nature of food con- 
tactmg each packaging material, FDA has deve loped  
Food Type D l t m b u u o n  Factort fiT) for each packaging 
material to indicate the fraction of the food contacting 
each material that is aqueous,  acldm, alcohohc, and fatty 
U t m g  there parameter t ,  along wi th  the experimental ly 
de termined potenhal  mlgrahon  levelt, the pot t lb le  dl 

"1 171 ~ ~ IJ Ii~ll tM cil-lrl~ Ii~lll ] h l r l i _ i~ i i r l  E,  IZ d I l l l l l l - I  
t l  i-ii71 i ~  t [ ~ I1~11 ~ ~ll-ii-i I1~11~ t I1~111 ~ I-iIrl l i~l i n ~ l  I~ II-I I-I I- l l  
" ~ l ~ ! l l l  [ 1 ~  i I ir~ ~ ~ [ ] Ii~l I ~ ~1-11-1 Ii~lll ~ h l r l l_ i t l  i r l  ~ l  i~ i i i i i i i r l  

T h e  potential dietaq! exposure to bispl~zol A 
(BPA) from the use qf food and beverage cans 
coated ~,ith bisphenol A-based epoxies ~,as deter- 
mined. The calculation was based on nzigrathgn 
data from extraction studies using tbod simutaf  
ing solvents and time and temperature condf 
tions recommended by U.S. Food and Drug Ad- 
ministration (FDA). The study demonstrates t]u~t 
no detectable BPA ~t'as tbund in the extracts from 
beverage cans using a method sensitive to five 
parts per billion (5 ppb) in the food sintulant; the 
average migration qf BPA from food cans was 
determined to be 37 ppb. Using these data, along 
~,ith t]w use patterns foctbod and beverage cans, 
the maximum potential dietaq! exposure to 
bisphenol A ~z,as estimated to be approxintately 
2.2 ppb. Because the conditions of the ntigrathgn 
tests exaggerate actual use conditions, this vahw 
overstates the reaso~zably anticipated actual po 
tenth~t exposure. 

etary exposure to BPA from the use of epoxy can coat 
rags was de termined 

MATERIALS AND METHODS 

Preparation of the Samples 

Tett  tpecmmnt  cont l t ted  of commercial cant collected 
at two different pomt t  m hme In both cater,  the t amp le t  
consisted of unused  cans obtained from the malor can 
manufacturers  m the Umted  States The types of cans 
fall rote three ca tegonet  two piece beve rage /bee r  cant, 
two-piece food cans, and three-Dece food cans In all 
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Table 1--1nstrumental Conditions for High Performance Liquid 
Chromatography (HPLC) Analyses of Bisphenol A (Phase I, Initial 
Conditions) 

P u m p  
Aut,  >s~ impler  
D e t e c h  ~r 

W, ~velength 

C, flumns 

M~ ~blle ph~ Ise 

FI, >w r~ ire 
C, f lumn ~ wen  

temper ,  4ure 
Inlectl, >n v~ 4ume 

Hew le l t  P~ ~ck, lr, t ] o r g  

Hewle t t  D ~ck, ~r,t 10 
Hewle t t  D Ick~ In l 1046 pr, >On imm~ ib le  flu, >- 
r e s c e n c e ,  le tec t ,  >r 

Exclh Ih, >n 229 nm 
EmlSSl~ ~n 3l ] nm 
Tw,> S u p e l o ,  C18 5# (250 x 4 6  ram) In 
series 
13 0% me lhy l  , l lc, >h, 71, 44 2% w, tier, ,ln~l 
42 8%, lcet ,  >nltrlle 
1 0 mL/mln  is, >on I t lC  

40 C 
20 p.L 

coahng, trace 05% ethanol, a potenhal ly  teverely  ag 
g re t twe  tolvent  for that apphcahon,  war  u t ed  at  the 
food s~mulant (as described m the following) Thus, a 
total of five two-piece food can samples was tested The 
can t~zet were  300 x 407, which may be cont~dered "one 
pound"  cans, and one 21I x 315 sample The can samples 
for fatty foods and one of the can samples for aqueous 
foodt  were t u p p h e d  by the tame can manufacturer  and 
u t ed  coatmgt,  t u p p h e d  by  the tame coating formulator,  
that were  wrtual ly  ldent~cal, w~th the exception that the 
can sample for fatty foods had an approximately  30% 
greater coating weight  than the can tample  for aqueou t  
foodt  The other three t ample t  were p r o w d e d  by three 
other can manufacturers  using coating formulations sup- 
phed  by  three &fferent  t u p p h e r t  

Three-Piece Food Cans 

cases, the can samples were  selected to maximize the 
level of BPA ba ted  epoxy pre ten t  m the coatmgt  

Two-Piece Beverage /Beer  Cans 

Coated a luminum beer and beverage cans from three 
major t u p p h e r t  were u t ed  Wh~le can coa tmgt  for bev 
eraget  and beer are ~denhcal from a gwen  tuppher ,  
beverage cans were  used since the coating weight  of 
beverage cans is shghtly greater than that of beer cans 
There t ample t  were all " t t anda rd"  12 ounce cant tup  
phed  by three mdw~dual can manufac turer t  umng coat 
mg formulahons  supphed  by three different supphers  

Two-Piece Food Cans 

Four typet  of tteel two piece food c a n t / c o a t m g t  were 
u t e d  The four repre ten t  prm~anly aqueou t  typet  of 
food, a fifth sample, wrtual ly  ~denhcal to one of the 
p r e w o u t  four, war  u t ed  to accomphth  two p u r p o t e t  
F~rtt, ~t repre ten t t  cant u t ed  to pack meat  product% 
which are considered fatty foods and, second, it permits  
the examinat ion of potenhal  hydrolysis  of the epoxy 

Table 2--1nstrumental Condlhons for High Performance Liquid 
Chromatography (HPLC) Analyses of Bisphenol A (Phase I, Add~- 
hon of Flush Step) 

P u m p  
Auh ~s~ impler  
D e t e c h  ~r 

W~ ~velenglh 

C, >lumns 

M, >bile ph, lse 

FI~ ~w n Ire 

C, >lumn ~ wen  
t e m p e r ,  f lu re  

Inlech, >n v, f l ume 

Hewle t t  D Ick~ m l 1050 
Hew le t t  P~ ~ck~ m l 10 
Hewle t t  P, lck~ Ipl ] 046 pr, >gr, lrnrn~ id le  flu,> 
r e s c e n c e ,  te tec t ,  >r 

EXClI, ltl~ ~n 229 rlrn 
EmlSSl,>n 311 nm 
Tw~ s u p e l o ~  C18 5u. (2r-./g x 4 6  m m )  In 
series 

13 0% methy l  ~ IIc~ ~h~ 4, 44 2% w, tier, , In, t 
42 8% , l oeb  ,nllrlle 
I 0 mL/mln  is, >or, ltlC, with ~ I 12  m l n ,  lcet ,  > 
nltrlle "f lush" t, > rem~ ~ve I~ ~w p~ 4, lrlly m~ Ite- 
rl, l ls tn ,m the  c, >lumns b e t w e e n  I n l e c t l ~  ,ns  

40 C 
20 I.tL 

A total o f / 0  types of steel three-piece cans/coat ings  
was used The can sizes were  either 300 x 407 or 300 x 
404, which may be cont ldered "one pound"  cant  The 
c o a t m g t / c a n t  typify their u te  with the following clat ter  
of packed foods infant formula (hquld), vegetables, meat, 
fruit lulce, and tomato products  Fwe of the samples 
were  collected for the mlhal pha te  of the t t udv  Four of 
these five were  available for the tecond phase of the 
study, five additional samples were collected for the 
tecond phate  The cant were  t u p p h e d  by four rod1 
vldual  can manufacturers  using coating Formulahont  
supphed  by five different supphers  

Foon-SxMu~rrNG LiQllins FDA acceptt  the ute  of food 
tm~ulatmg hquld t  to determine the nugrahon  of compo 
nents from polymers  into foods because analyzing for 
trace levelt  of nugrant t  m complex food ma tnce t  it 
techmcally challenging In accordance with FDA't  rec 
o m m e n d a t l o n s  r ega rd ing  food s lmulants ,  the food  
slmulants used m the present  s tudy  were 10% ethanol 
and 05% ethanol, 10% ethanol it an appropriate  tm~ulant 
for aqueout ,  acidic, and low alcohol content (up to 15% 
ethanol) foods, including beer, while 05% ethanol is an 
appropriate,  albeit exaggeratwe, al ternatwe fatty food 
tm~ulant The water  war  p roce t t ed  by  de lomzahon  and 
dlstl l lahon The 10% ethanol was prepared  by d l luhon 
of 05% ethanol (Quantum Chemical Corporation) wi th  
delomzed,  &th l l ed  water  

EXPERIMENTAL PROCEDURES 

Tethng war  conducted under  cond lhon t  that tmlu  
late or exaggerate the mort  revere condlhont  of actual 
use, which vary  depending  on the type of food packed 
m the cans 

Two-Piece Beverage /Beer  Cans 

Carbonated toft  d rmkt ,  by  far the predominant  type 
of beverage packed m cans, are typically filled at room 
tempera ture  and stored at or below room tempera ture  
Thlt  co r r e tpond t  to FDA't  C o n & h o n  of Ute  E* Some of 

"P,z,,z,n~ t_~n #:,_~r,;ltur_ ~ 1111_~,-1 ,-Ir.-I t,:,r_~,-t , r,,z, th_~rn ~,zll tr_=,:ltn ~_~r,t IF, tlq_ ~ 
,1 ,-,r,t,qlr,=r, 
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the beer manufac tu red  in the U S is pas teur ized after it 
is filled into the can This cor responds  to FDA's  Condi-  
t ion of U te  D ~ Therefore, the tet t lng of the repre ten ta  
tlve beverage cant  (higher coating weight) war  per formed 
under  the more  severe of the two conditions, 1 e ,  Condi-  
t ion of Ute  D (detcrlbed in the following), to that  the 
te t t lng wou ld  te rve  a t  a t lmula t lon  of beer ute and,  at 
the same time, an exaggerat ion of beverage  use All of 
these samples  were  tested using 10% ethanol as the food 
t lmu lan t  

Two-Piece Food Cans 

The types of food packed in two-piece cans general ly  
require retort  sterilization, fol lowed by  room tempera -  
ture t torage Thlt  co r r e tpond t  to FDA' t  Condi t ion of 
U te  A** Four of the t a m p l e t  were  te t ted  u t lng  10% 
ethanol,  while a fifth sample ,  used  for mea t  products ,  
w a r  te t ted  u t lng  ~5% ethanol 

Three-Piece Food Cans 

The the rma l  p rocess ing  condi t ions  for the f oods  
packed in  three-p iece cans v a r y  w i t h  each type  o f  f o o d  

Vege tab le t  re to r t  ( C o n d i t i o n  o f  U t e  A) ,  

M e a t  re to r t  ( C o n d i t i o n  o f  Use A) ,  

I n fan t  f o r m u l a  re to r t  t C o n d l t l o n  o f  U t e  A) ,  

T o m a t o  p roduc ts  r e t o r t / C o n d i t i o n  o f  Use A) ,  

F ru i t  lu lce ho t  f i l l ed  at t e m p e r a t u r e t  at h i g h  a t  ap 
proximate ly  lC)0~ which  c o r r e t p o n d t  to FDA' t  Condl  
t lon of Use C t* 

Eight of the t a m p l e t  were  te t ted  u t lng  10% ethanol,  
while  two [uted for mea t  product t )  were  te t ted  u t lng  
o5% ethanol 

In accordance wi th  F D A ' t  " R e c o m m e n d a t l o n t  for 
Cheml t t ry  Data for Indirect  Food Addi t ive  Petl t lont",  -~ 
Condi t ion of Use A testing was  pe r fo rmed  at 250~F for 2 
hr fol lowed by  120~F for 10 days,  Condi t ion of Use C 
testing w a r  pe r fo rmed  by  filling the container wi th  "hot"  
tolvent ,  holding at 212~ for 30 mln, fol lowed by  120~ 
for 10 days,  and  Condi t ion of Use D testing was  per-  
fo rmed  by  filling the container wi th  solvent  at 150~F, 
holding at 150~ for 30 mln,  fol lowed by  120~ for 10 
days  

Each exposure  test was  pe r fo rmed  in duplicate Du-  
plicate to lvent  b lank t  were  t lmllar ly  extracted The ex 
tracts obta ined in the first phase were  ana lyzed  by  high 
per formance  liquid ch rom a t og raphy  IHPLC) direct ln- 
lectlon, u t lng  the HPLC pa rame te r t  in either Tables 1, 2, 
or 3 (tee Dl tcUtt lon Section) The extractt  obta ined in 
the second phase were  analyzed by  HPLC using the 
pa ramete r s  in Table 4 and by  gas c h r o m a t o g r a p h y  wi th  
m a t t  telectlve detector  (GC/MS) u t lng  the pa rame te r t  
in Table 5 The G C / M S  it  opera ted  in the telectlve 1on 
moni tor ing  (SIM) m o d e  and  the me thod  is based on the 
der lvat lzat lon of the phenol t  to their tllyl e ther t  u t lng  
N , O  b l t ( t r l m e t h y l t l l y l ) t r l f l u o r o a c e t a m l d e  (Pierce) ,  

tH, ,t t i l l - ,  I ,  ,r p,  I t - u r l z - ,  I h - I , ,  , 1 qll F 
++HI, Ih t -n~F, - r ,  f l u r -  h - ,  i t- t - r l hz - ,  t , - ,  I ,, - r  _1~  F, 
t tH, ,t t i l l - ,  t ,  ,r F" ~ t -~sr lz- ,  I, ~1 ~ . . . .  1 <~ F 

Food-Contact  Use of Epoxy Coated Cans 

Table 3--1nstrumental Condfflons for High Performance hquld 
Chromatography (HPLC) Analyses of Bisphenol A (Phase I, Final 
Cond~hons) 

Pump 
Auh >s~ impler 
Detect~ ,r 

W~ lvelenglh 

C~ ~lumns 

M~ ~blle ph~ Ise 

FI~ >w n fie 

Hewlett P~ Ick~ lr~ t 10~  
Hewlett P~ ~ck~ lr~ t 10 
Hewlett P~ Ick< lp 11046 pn ~gn Imm~ lble flu~ 
rescence ~ letect~ ,r 
ExcI I~  Itl< g l  2 2 9  n m  

EmlSSl~n 311 nm 
Tw~ Supelc~ C18 qg (250 x 46 mm) In 
S e r i e s  

14 3% methyl ~llc~h~l, 486% w, ffer, ~ln, I 
37 1% ~lceh >ndnle 
0 8 mL/mln is~ ~cr~ ihc, with ~112 mln ~ icet~ 7- 
n l t r l l e  "flush" h ~ rern~ we I~ ~w pc >1~ I r l l y  rT/< l i e  
rl~ IIS tP ~m the c~ ~lumns between Inlectl{ >ns 

C~ 4umn ~ ~ven 
lemper~ dure 40 C 

Inlech~ ,n w 4ume 20 ~tL 

bl tphenol  F (bit(4 hydroxylphenyl)methane)  it employed  
as an internal s tandard  A full descr ipt ion of the meth-  
ods used in the second phase  is discussed in the follow- 
lng article b 

For the analyses in bo th  the first and  second phases,  
quantl tat lon was  based  on a s tandard  curve genera ted 
by  external BPA t t anda rd t ,  p repa red  in either 10% etha 
nol or ~5% ethanol, at concentra t lont  of 5, 10, 20, 40, 80, 
and 160 n g / m L  (parts per billion (ppb)) The detector 
response was  measured  b y  peak  area The me thod  of 
analy t l t  ha t  a correlation coefficient of greater than 0 ~ 0  
w h e n  a plot  was  genera ted  of k n o w n  s tandard  concen- 
trations versus  detector response The limit of detection 
(defined a t  not quantifiable) w a r  tet  at 5 ppb  

For each food s imulat ing liquid in the first phase of 
the s tudy,  val idat ion of the results was  pe r fo rmed  b y  
tp lk lng  the extract wi th  BPA at either 5, 10, 20, 40, or 5[? 
ppb  prior  to work  up  of the extract, the tp lked  extract 
was  ana lyzed  as described for each food s lmulant  The 
average  of the recoveries was  101+10% 

Several of the extractt  in the t econd  pha t e  of the 
s tudy  were  hkewlse spiked wi th  either 10 or 20 ppb  BPA 
to val idate  bo th  the HPLC and the G C / M S  analyses The 
average  of the recoverle t  for HPLC w a r  86.+1% and that  
for G C / M S  w a r  110_+0% Further  val idat ion of the re 
sults was  achieved b y  concomitant  analyses of each of 
the t econd  pha te  extractt  b y  bo th  HPLC and  G C / M S  

RESULTS AND DISCUSSION 

Migration Results 

The s tudy  was  conducted in tsvo phases  at different 
points in t ime In the first phase,  the 13 different can 
~amplet  u t e d  in the t t u d v  were  telected to cover the 
malor U S can manufac ture rs  and their coating suppl l  
ers The extracts obta ined f rom these samples  were  ana- 
lyzed using HPLC wi th  a fluorescence detector For the 
three b e v e r a g e / b e e r  can samples ,  BPA w a r  not detect 
able (defined a t  not quantifiable be low 5 ppb) in any  of 
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Table 4--1nstrumental Condlhons for High Performance Liquid 
Chromatography (HPLC) Analyses of B~sphenol A (Phase 2) 

Pump 
Auh )s, impler 
Deject, )r 

W, Ivelenglh 

0 >lumns 

M< >bile ph< lse 
FI, )w r, f ie 

Inter-lnlectl< >n Or< l~ hent 
t ime 

40 m~n 
36 m~n 
40 m~n 
46 m~n 
50m~m 

Hewlet t  P~ ~cb m l 1060 
Hewlett P, ~ck, m l 10 
Hewletl P~ lck, Ir, I 1046 pn >gr~ lmm, Ible tlu~> 
rescence ,  tetect< >r 

Excll~ ill, )n 229 nm 
EmlSSl<>n 311 nm 
Tw,) Supelc,) C18 6~ (2rg x 4 6  mm) In 
series, plus < ~ Supelc< > LC-] 8 gu~ In I c~ 4umn 
43 0% <Iceh ~nlhlle (ACN) ~n<l 67 0% w< tier 
0 8, rTiL/mln isi )cri itlc 

M, )bile Ph, ISe Fk >w R, fie 
81 6/18 4 ACN/w~ tier 1 0 mUmln  

0/100 A(.Iq/w~ tier 1 0 mlJmln 
0/1 Q3 ACIq/w~ tier 1 0 mUmln  
100/0 ACIq/w~ tier 1 2 mldm~n 
1LK)/O ACIq/w~ tier 1 0 mldmln 

C< >lumn ~ ,yen 
temper, dure 4O C 

the extractt  On the other hand,  the two piece and three 
piece food cans gave results ranging  f rom no detectable 
levels of BPA m the extracts (method s e n s m w t y  of 5 
ppb)  to 121 ppb,  the two piece food cant  and three piece 
food cant  have been g rouped  together,  trace the re tu l t t  
do not md~cate a m~grat~on behawor  that w o u l d  dls tm- 
g m s h  one from the other 

In pe r fo rming  there analv te t ,  the initial ln t t rumenta l  
condmons ,  descr ibed m Lzble 1, were  der ived f rom the 
beverage  container exper iments  As the extrachon ex- 
p e n m e n t t  p roceeded  to the food cant,  where  the extrac 
tlon condmons  were  more  aggressive,  a flush step was  
added  to the ins t rumenta l  c o n d m o n s / d e s c r i b e d  m T4ble 
2) to remove  m a t e n a l t  t rapped  on the co lumn which 
could interfere wi th  t u b t e q u e n t  d e t e r m m a h o n t  A final 
set of ins t rumenta l  condm ons  was  deve loped  (described 
m Lzble 3) w h e n  an interfering chromatographic  peak  
w a r  coelutmg,  the final tet  of ln t t rumenta l  con&tlon% 
which  employed  a lower  ace tomtnle  content  than the 
first two sets of condmons ,  resulted m extending the 
elutlon of BPA f rom approMmate ly  11 m m  to approM 
mate ly  17 m m  

In r e w e w m g  these data, authors  came to beheve  that  
t ome  of the migra t ion va luer  reported,  which ranged  
f rom none detected (u tmg  an analvhcal  me thod  having  
a hml t  of  de techon of 5 ppb)  to 12f ppb,  appea red  to be 
h~gher than expected Th~s was  based,  m part ,  u p o n  the 
unu tua l  or u n t y m m e t n c a l  thape  of the chromatographic  
t lgnal  at tr ibuted to BPA in teveral  of the extract% not all 
of which  m a y  have been due  to the presence of b~sphenol 
A U p o n  considerat ion of the chromatograms ,  it was  
po t tu la ted  that there m a y  have been over lap be tween  
BPA and one or more substances exh~bmng the same or 
s~mflar re tenhon t~me, ~ e ,  analyhcal  interferences m a y  
have  been p re ten t  that  contribute to the BPA re tpon te  

For th~s reason, a series of round- rob in  tests was  un- 
de r t aken  to genera te  m e t h o d o l o g y  so that  s m t a b l y  
equ ipped  laborator le t  could confidently per form val id 
ana ly t e t  of extract t  for BPA These effort% a complete  

d e s c r i p t i o n  o f  w h i c h  ]~ pre~ented elsewhere i n  th]~ ]~ 
rue, ~ re tu l ted  in the d e v e l o p m e n t  of bo th  HPLC and 
G C / M S  methods  

Hav ing  ob tamed  me thodo logy  to enture,  to the ex 
tent pott]ble,  that analytical mterferencet  wou ld  be mini 
mlzed,  a second phase  of the s tudy  was  under t aken  The 
objectives were  to repeat,  and expand upon,  the analy-  
t e t  ob tamed  in the firtt  pha te  on extractt  of two piece 
and three-piece food cans, 1 e ,  those types of test samples  
that, as a group,  showed  detectable levels of BEA 

At  noted  prevlout ly ,  the flrtt  pha te  contorted of 13 
different can samples  selected to cover the major U S 
can manufac ture rs  and  their coating supphe r s  Three of 
the 13 t ample t  were  two piece beve rage /bee r  can% which 
t h o w e d  no detectable BPA in the flrtt  pha te ,  u t lng  me th  
odology  senslhve to 5 ppb  Because of the non-detected 
results m these samples ,  the second s tudy  focused en- 
tirely on the two piece and  three piece foocl cans, 1 e ,  the 
repeat  t t udy  did not include b e v e r a g e / b e e r  cant  Of the 
/0 food can samples  tested p rewous ly ,  nine were  avail-  
able for the current  t t udy  In addi t ion to there tample% 
five addi t ional  tample% all three piece cant ,  r ep re ten t  
mg  malor types manufac tured  by  the p n n a p a l  can manu-  
facturers, were  included m the second phase  of the s tudy  

The re tu l t t  f rom p h a t e t  one and  two are p re ten ted  in 
T4ble 6 It should first be noted that the HPLC and G C /  
MS results m phase two give wr tua l ly  ldenhcal  results 
for any  individual  t amp le  There te t t  of comparab le  
re tu l t t  val idate  the me thodo logy  emp loy ed  in the tec 
ond phase of the s tudy  For this reason, the discussion 
fol lowing focuses on the averages  of the EIPLC and G C /  
MS re tu l t t  

The two-piece and three-piece food cans that  were  
duphca ted  f rom the first phase  gave results ranging 
f rom no detectable levelt  of BPA in the extractt  (method 
sensl t lwtv of 5 ppb) to 77 ppb, as noted,  the two-piece 
food cans and  three-piece food cans have  been g rouped  
together  tlnce the re tu l t t  do not  indicate a migra t ion 
behavior  that  wou ld  d l t t lngu l th  one from the other The 
five " n e w "  cans gave results ranging f rom /2 ppb  to 04 
ppb  A r e w e w  of the data indicates that  five of the 
t a m p l e t  that were  dupl ica ted  f rom the p rev lou t  t t u d y  
t h o w e d  e t tent la l ly  no change Apparent ly ,  the u te  of 
the refined analvhcal  methods  demons t ra t ed  that chro- 
matographic  lnterferencet  were  insignificant for these 

Table 5--1nstrumental Conditions for Gas Chromatography 
wlth Mass Selechve Detector (GC/MS) Analyses of Bisphenol A 
(Phase 2) 

Inslmment 

C, ,lumn 
Oven temper, flure 

Inlech ~r temper,  Iture 
Tr, inster line 

temper, Iture 

Inlectl~ ~n m< >~ le 

0 dumn he~ I~ I 
pressure 

Hewlet t  P~ Icb In l GCMS m~ ~ lel 6970 
Select ive I~ >n M, )nit, )ring m~ >, le 
M~ lsses 329 ~ ln~ t 344 t~ ~r intern~ d st< ln~ I~ lr~ t 
(bBphen~ >1 F), ~ln, I m~ lsses 367 ~ln, I 372 
t~ >r blsphen~ ~1 A 
0 26 mm x 16mm RTX 6 
2 r g c  

326 C 

300 C 

Spht, 60/1 

2 psi 
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samples However ,  the remain- 
m g  fou r  r e p e a t e d  s a m p l e s  
~howed ~ub~tanhal reduchons  m 

the measured  BPA level~ It ~ 
i m p o r t a n t  to r e c o g m z e  that  
the~e reduchon~ are not a con 
~equence of change~ m the coat 
rags or the manufactur ing pro- 
cedures for the cans Instead, 
the~e re~ult~ lllu~trate that ~ev 
eral of the first pha~e re~ult~ 
were  amflclally high because 
these pamcula r  coatings pro- 
duced one or more mterfermg 
signals m the chromatographic  
analyses In fact, the average of 
the  d u p h c a t e d  f o o d  can  
~ample~ d ropped  from 63 ppb 
Un the first phase) to 36 ppb 

The average of the "new"  
~ample~ U e ,  ~econd pha~e 
only) is 30 ppb, and the aver- 
age of all samples is 37 ppb 
Thl~ average value, a~ well a~ 
the re~ult~ from the beverage 
and beer cans (not detectable at 
5 ppb), have been u~ed to de 
rwe an e~hmate of potential ex 
posure to BPA from the use of 
epoxy-coated cans 

Table 6--Summary of Extrachon Results 

Can Sample Slmultant 

Two/plece beer/beverage cans 

lO%elh<ln(~l 
Ig~ th<~n(~ l  
10%elh<~n(~l 

BPA Level (ppb) ~ 

Tesl 
Condlhon I sl Phase 2rid Phase 

Two/plece food cans 

n( ~n4( l i b / l ( .  ~< t 
n~ ~n-h i i ly h .  ~< t 
n, ,n4, i l ly l, ,, ,, t 
n~ ~n-h it ly h .  ~< t 
t< f l ly t< x ~(I 

Three-piece food cans 

InJ-< lnJ J2 >rmul< 
veoe l (  Ible 
m~., it 
trufl lUlCe 
t, ,m< ~t,, pn x iuct  
vegel (  ~ble 
m~., It 
vege l (  ~ble 
vegeh  Ible 
vegel (  ~ble 

D ND 
D IqD 
D ND 

HPLC GC/MS 

I I 

10% elh( In( ~1 A 71 65 
10% eth< ~n~ ~1 A 120 72 
10% elh( In( ~1 A 71 78 
lLr~ eth< ~n~ ~1 A 8 7 
95% elh< ~n( ~1 A 81 47 

1Lr~ eth< ~n~ 
10% elh( ~n( 
96% eth< ~n~ 
10% elh( ~n( 
1Lr~ eth< ~n~ 
10% elh< ~n( 
9e,~ e t b  In< >1 
10% elh( In< ~1 
10% eth( In< ~1 
10% elh< In( ~1 

A 121 7 
A 40 
A ND ND 
C 86 26 
A 25 22 
A 21 
A - -  47 
A 14 
A - -  95 
A 2'0 

I I ] I [ JD = r , ,  i n  i ~ t  ~1  t I ~ - i I ~  i r , ,  i t  i ] l j l  l r l t l t l ,  ~b , l ~  ~ - i~ l l  i ~ I In  I I t ,  J~ t  ~ l  t l  I i r l  r F IF I~ I I  

68 
67 
77 

9 
49 

8 

6 
26 
18 
19 
53 
9 

94 
16 

Estimate of Exposure  

The evaluat ion of a component  of a food packaging 
material depends  on the postulated consumpt ion of the 
substance (or any compound  resulting from the use of 
the ~ub~tance) Such con~umphon of the ~ub~tance de 
pend~ on the potenhal  level m food (e g ,  a value de rwed  
from migrat ion studies) and on  the fraction of an mdl-  
wdual~ &et  hkely to contact packaging matenal~ con 
taming the ~ub~tance A~ noted prewou~ly, FDA em 
ploys the term consumpt ion  factor (CF) to describe the 
p o m o n  of the diet  hkely to contact specific packaging 
material% and ha~ developed Food Type Dl~trlbuhon 
Factor~ fiT) for each packaging material or apphcat lon to 
indicate the fraction of the food contacting each material 
that is aqueous,  acidic, alcohohc, and fatty 

FDA u~e~ CF and fT value~, along wi th  e~hmate~ of 
the potential  concentration of substances that may  mi- 
grate from food packaging to the contacted food prod-  
uct% to e~tm~ate potential  human  exposure to the ~ub 
stances The "average"  concentrat ion of the migrant  m 
food contacting the packaging material, <M>, is de rwed  
bv  ~ummmg the product~ of the appropriate  fT value~ 
a~d the nugrat~on value~ relevant  to the type~ of food, 
M, The concentrat ion of the migrant  m the diet is oh- 
tamed by mult iplying <M> by the appropriate  CF 

Die tary  C o n c e n t r a t i o n  = C F  x <M> 

= CF[f~,tM>l+f> M~, +f~lM~l+ftMt] 

where  the subscripts aq, ac, al, and f refer to aqueous,  
acidic, alcohohc, and fatty foods, respectively 

FDA's current  CF for polymer-coated metal, which 
includes cans, is 0 17, and the corresponding aqueous,  
acl&c, alcohohc, and fatty food fT value~ are at 0 16, 0 35, 
0 40, and 0 0% re~pectwely 5 

We have used these CF and fT values, m conlunctlon 
with the nugrat lon re~ult~ ~ummarlzed earher, to e~tl 
mate the potential  exposure to BPA We have u~ed the 
"wors t  case" assumption that the potential migrat ion of 
BPA to acidic and alcohohc foods 0 e ,  beverages and 
beer, re~pechvely) 1~ 5 ppb (ba~ed on the non detectable 
level~ from the beve rage /bee r  can~ u~mg the methodol  
ogy which is sensitive to 5 ppb) and to all other food is 37 
ppb, the average value expressed Therefore, we have 
e~tm~ated the potenhal  &etary  exposure to BPA from 
use of epoxy can coatings to be 

Dietary Concentration = CF x <M> 

= CF[f~,tM~q+f~, M~, +f~lM~l+ftMJ 

= 0 1710 16(37 ppb) + 0 35(5 ppb) 

+ 0 40(5 ppb) + 0 09(37 ppb)] 

= 0 17 (13 ppb) 

= 2 2 ppb 

CONCLUSIONS 

Great care mu~t be taken m analyzing extract~ of can 
coatings for potential migrants,  especially w h e n  using a 
non-specific analytical methodology  such as hquld chro- 
matography  with fluorescence, ultraviolet, or other non 
~peclfic detechon A~ ha~ been demonst ra ted  by  thl~ 
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qtudy, approMmately one half of the duphca ted  qampleq 
qhowed qubqtantlal reductsons m the meaqured BPA lev 
els Furthermore,  the fact that the other one-half of the 
can samples showed results wrtual ly  identical to those 
obtained m the firqt phaqe m&cateq that each coating lq 
umque  and ~ts potential m~grat~on characteristics must  
be examined on a case-by-case basis These results am- 
ply demonqtrate that de termined rmgratlon valueq may 
be artificially high unleqq the chromatogramq are exam 
reed carefully so as to preclude the presence of interfer- 
ing chromatographic s~gnals However ,  our observations 
are that artificially h~gh requltq may  be obtained even ~n 
mstanceq where  symmetrical  peakq are obtained For 
th~s reason, ~t ~s ~mportant to perform dual  confirmatory 
analy~e~ (e g ,  HPLC aq well aq GC/MS)  to ehmmate  the 
poqq~bfl~ty of erroneouqly ~dent~fymg an interference aq 
BPA 

The qtudy demonqtrateq that no detectable BPA ~q 
found m the extractq from beverage canq uqmg a me thod  
sensmve to 5 ppb m the food s~mulant The m~grat~on of 
BPA from food cans ranged from non-detectable (<5 
ppb) to ~4 ppb, w~th an average of 37 ppb Uqmg the~e 
data, along w~th mformat~on regarding the uqe patternq 
for food and beverage cans, the potential d~etary expo- 
sure to BPA from use of epoxy can coatings was est~- 
mated to be approxm~ately 2 2 ppb 
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