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N7 T RE, EOMOBIEIITIRERR S Z Az
ATBEF 7 — b U » 5 7 A Bond Elute C18 (F5C A& 500
mg, Agilent ##) ZH=. I— R U v T BT AIHLNLD
AF 7=V 10 mL FOVK 10 mL CINERPES L CHV -

3. %@

mEEA s v~ 27 Z 7 (HPLC) : H AR 43 R
GULLIVER +' VU —X (K> 7 ; PU-1580, T H v ¥ —;
DG-980-50, 7' 7Y x> h=z=v bk ; LG-1580-02, A —
7T — ; AS-1555-10, 1T AEIEAE ; CO-1560, =t
A ; FP-2025), H A7 v~ b7 7 7E RGN

tORRIR R T IE T v F — R AL R S I AT SE R

169-0073 R FUERHT1E X B AHT 3-24-1



158

Ann. Rep. Tokyo Metr. Inst. Pub. Health, 62, 2011

Table 1. Analytical Results of Concentrations of BADGE and Its Related Compounds in Canned Food

Concentration of BADGE and BFDGE derivatives (ng/g)

Country of

Food . BADGE BFDGE
No. origm  BADGE BPA BFDGE BPF
HCI'-H 2O 2HC1 ZHZO HCI'-H 2O 2HCI 2H20
1 Sardine in oil Norway N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2 Sardine in oil Japan N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sardine in oil Portugal N.D. N.D. N.D. 170  N.D. N.D. N.D. N.D. N.D. N.D.
Grilled sardines
4 . Japan N.D. N.D. N.D. N.D. N.D. N.D. N.D. 190 N.D. N.D.
(kabayaki)
Mackerel in water ~ Japan N.D. 310 820 99 N.D. N.D. N.D. N.D. N.D. N.D.
6 Tuna in oil Thailand N.D. N.D. N.D. 54 N.D. N.D. N.D. N.D. N.D. N.D.
7 S,T(’ked oysterin. 5. van ND. ND. 630 ND. ND. ND ND ND ND ND.
oi
8 Corned beef Japan N.D. N.D. 63 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
9 Vienna sausage USA N.D. N.D. N.D. N.D. N.D. N.D. 410 260 91 N.D.
10 Luncheon meat USA 250 99 160 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
11 Curry Thailand N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
12 Curry Japan N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
13 Tomato Italy N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
14 Tomato Italy N.D. N.D. N.D. 57 N.D. N.D. N.D. N.D. N.D. N.D.
15  Pasta-sauces Thailand N.D. N.D. N.D. 440 N.D. N.D. N.D. N.D. N.D. N.D.
16  Pasta-sauces Thailand N.D. 490 340 670  N.D. N.D. N.D. N.D. N.D. N.D.
17  Fond Japan N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
18 Soup Germany N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N.D.: =50
Table 2. List of food packed in multilayer
laminated film pouche 4. HPLCZfF
Food Country Number of 1) NeARAH HPLC%TEF (Nl‘)LC)
o0 of origin Samples Biedermann 50J7: NZ#EL 7=, %5 A : LiChrospher 100
Curry Japan 6 CN (kif%5 um, 4 mm id.X250 mm, MERCK #:4), @
Curry Thailand 2 A:n~FHr, B:50% n-7 2 L7 La—)L -y rnn
: S50 s Wi - : :
Curry Singapore ) AB, 7TV bEMAE 0 min (A 100%) —10 min
. (A 100%) —40 min (A 98%, B 2%) —53 min (A 85%,
Curry Taiwan 1
B 15%) —65.5 min (A 60%, B 40%) —68 min (A 60%,
Cream stew Japan 1 ) ) .
b Thailand 1 B 40%) —68.5 min (A 100%) —80 min (A 100%), ¥ :
ta- S v
asla-sauiees aran 1.6 mU/min, YEARE ; 100 uL (53T : === 7 LEEA 500
Bowl of ri ith - SN ; ; N
owlofrice with a chop- 5\, 1 WL), A7 NI ; 35°C, WUNER ; EIEE 225 nm, 0k
suey -like mixture on it i
. . W& 295nm
Fried onions Japan 1 .
S . Sich 2) WHHAHPLCSAF (RPLC)
casoning sauce (Sichuan L 1 EN 15136:2006 ZHEL 7. %75 1 : Spherisorb ODS-2 (K%
style bean curd)
. ) 5 um, 4.6 mm id. X250 mm, Waters #8), L BT A
Bouilla baisse Japan 1

(GCMS) : W —FE7 4wy =P AT 4T 47

#1:# TRACE DSQ (GC ; TRACE GC 2000, MS ; DSQ,
F— b 77 — ; TriPlus Autosampler, KEBEAT U »
MU AEA (LVSL) VAT Lff&),

F X —HETHNR  SR-240

L v R

SEeY

Chemco Pak HYPERSIL ODS-5 (Kif5 pm, 4.6 mm id.X30
mm, 7 Aot BEFHA:K B: TER=RUL, F5
Yo b0 min (A 80%, B 20%) —10 min (A 65%,
B 35%) —25 min (A 50%, B 50%) —45 min (A 50%, B
50%) —60 min (B 100%) —88 min (B 100%) —93 min
(A 80%, B20%) —121 min (A 80%, B 20%), ¥k : 1.1
mL/min, AR ;200 pL (O3BURF : ~==7 /WA 500 pl),
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77 NRE ; 30°C, MR ; iR 225 nm, #OGKE
295 nm

5.GC/MS (EI) %At

1) BADGE XU BFDGE

7172 : DBSHT (025mmid X 15m, fJF0.1um, J& W
B, BT LA—T RET TS T A 60°C (2 min) —

(20°C/min) —350°C (0 min), JFAFIREE : 250°C, Surge
Pressure : 115.00 kPa, Surge Duration : 4.00 min, {EAJE @ A
7V FUREA, AR 35uL, A4 Y —RIRE
200°C, A ¥ —7 =—AJE :350°C, i :EL A%y
E—F, WEEEFM : mz30~800

2) BADGEK "BFDGELIS DB {44 (LVSL)

717 2t VE-5ht (025 mmid. X 15m, fJF0.1 um, Agilenttt:
B, TUBT AT —T 4 7 LT RUOREM AL
Ta—ARYAF2—7 032mmidX5m), U7 LA4—
TARET 07T A 50°C 3min) — (20°C/min) —350°C

(Omin), FAAMEEE : 250°C, Surge Pressure : 115.00 kPa,
Surge Duration : 4.00 min, JEAFE : A7V v FLREA, &E
A& 20puL, A A2V —REE 1 270°C, A HF—T 2 —A
IR 350°C, #ith Bl A% ¥ E— N, HEEEH :
m/z 40~700

6. RBAIROFEL

1) HPLCH AR

1) EEROLY ML MEHOARYEE HiELKOL b
N NERONEDEEERED T A XL, £D28215%
vruu AL oEFNTH U EMATSmLE LTI L
7%, mO50EE (3000 rpm, 10min) L, RiEZEEY,
0.45 um®D 7 1 )L 7 —T i L7z & O & NPLCHFRBRIRIK &
L. F0IZ, REVTA X L2gK: TER=F
U (1:2) BiEEMZTSmLE LTI L7, =05
#E (3000 rpm, 10min) L, ERiEZERD, KTAEMML
0.45 um®D 7 4 L7 —TAiH Liz b O % RPLCHRBRIAR &
L.

Q) BMHHEEI—R ) v PHFEERNEZI V=0T
7 RPLCARBRIAK2.S mLE K CUEFM LI L OE, &

LU T 9= L7-Bond Elut CI18IZ A L7-.

K:T7ER=KVUL (80:20) JRIKI0O mLTHE&ETE, /K :
7 R=hrU (60:40) IBIK2.5 mLTEH L7z, Z O
I % 1 mLICHAE L, RPLCOTUHRABRIAK L L7z

2) GC/MSHRBRIAK

HPLC Y — 7 O[RED 7= HBADGES HWE O v — 2
WCHYT 2777 ara20ML, Bk ERK TEE
L7-=. BADGE] U'BFDGE(Z # F/ltert — 7' F /L= —T )b

(MTBE) 50 uLIZ¥%fi# L GC/MSHIERBRIANE & L, BADGE
K& OBFDGELIA D NFNOREAL A E U 2210 uL
S UBSTFA 20 uL& M %, 60°C, 150G S, SUGREE
FEFXI P E%, MTBE 50 pLICiEfE LGC/MS FFBR
wWiRE L.

7. AN L

HPLCT2UZ7R L7 AR MG & IRFFIF R 2 i L, £722
U5 OFEHE S % RN L C co-chromatography % 17V Ml E L 72.
£72, 6.2) OGC/MSHMBRIAIEZGCMS T L, FEHE
fh & PRFFRE L O 2 27 b L& b U CRIE L7z,

8. EF NVEHER

1) ETFNAEHERABHKROER]

BT CREEH) ORESERSR REMAE) KOL b
R F CREARTF) 1220 T, BET IVRE%
AW T VIEHERAOBEMRZFER L, REMAT4
R R OSRAERS Y 388 GREA/X Y FNo. 1~3) 12
HREEK, A%EERE R OV T A%, 50 KM D T 5L,

CRAEH 737 FNo. 4~8) (ZHREK K V4%EfE % T2
NFEEL, B REAE) b LIFe—bhr— R
EHATF) L, b RL FERZEEIC TL bV ML

(121°C, 305y DINEIMERE) L7

2) REAERURER T FIZONTORBFEEED
R

Feftt 4R & OSSR A /X FNo. 1~31I22o0\ T, &
B K K D% EERR1395°C, 305y, n-~T7% L 1325°C, 6001A
HLU~.

3) HPLCH RBRIAIK

FRELK B QA% BRI D £ FRPLCTHIE L. n-~T
ZAIEDEE, VI XTI gE15%T I an XA F UE
BT X T5mLE Lz b DENPLCTHIE L7-.

BREVOEE

1. RBRFEICOVTORS

1) ZRHERR SR E OB

RPLC/3#iRe, RPLCHIFREBRESHK 4 It LHPLC~ KA &
HEAT 20, #EHEd 5 £ BADGE - 2H,0/%RPLC CTBADGE
c2H,0 L 0 BT 2 My o B — 27 1T b4, 4
7T v a s OMBNETH o7, RPLCHHTT
BADGE -+ 2H,023# HH S 7= HaE & dtNo. 5 (&1F5) 122
WT, 7 V=27 v FEFITHIGMTHEA L7ZRPLCY
n~ h7'Z L%Fig. 1 (A) IZT/RLT-.

T, BN o U TAERWZ Y —
Ty T ERE L. B — Y o Uh T AT,
RPLCHHFIZODSH T L& VT WA D TCI8Z VY, I/
HWRSFIZ DWW TIIBEWESA OK @ 7& b=k YV LRIK)
Z AV /=, BADGE - 2H,O/KI&iR (0.5 pg/mL) 2 mL%
Bond EluteCI18IZ A ff L7z & Z 5, BADGE * 2H,0i% % — b
Uy PhTKRREINT. RICH— D) I BTENG
DG EHEI L. K 7T = MU VBKO SR

(100:0) »5 (50:50) F CTE(LEH, JEKIO mL T
WL7=EZAh, K:T7EF=FMUJVRE (80:20) £TIiX
WHET, (70:30) CTREBOPIEH L.

& 5IZ, BADGE - 2H,0 /KiAi#% (10 ng/mL) 5mL% &
L, 7K : 7% b=KUEHK (80 : 20) 10 mLTHEA,
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KT =R (60:40) JRiK2.5 mLC2RVAH L7z
L 25, YeHRICIZBADGE « 2HOIZIAHET, 1 H O
WHERCIEH L. BIRIZ8% TH -7, Fie,
BADGE - 2H,07% =i B Tt S L7 B 16 DRPLCH
BRYAWES mLIZo
RHERL T D & — 7 DR AT IR ORI R &5, &
H16D 7 UV —2T v TRtk ORPLCY v~ k7' F L% TFig. 2
R L7z,

RIESD I V=0T v T HhOSWEMETORPLCY v~
~7'Z L%Fig. 1 (B) (L. 7V —27 v 7HiDFig. 1
(A) IZBVWTBADGE * 2H,00 &' — 7 133 Rk 4y &7 — 27 D
FIZHHENTLESTNDER, 7 U —27 v 7 #%OFig 1
B)TIEE—7 BNRO bR REE 72 o 7.

(A)

20 40 60 80 100 120

min
BADGE * 2H,0 (B)
«—
20 min

Fig.1. RPLC Chromatograms of Mackerel in water (No. 5 )
(A)before clean up, (B)after clean up

MZO (A)
AN,

100 120

min
<4— BADGE - 2H,0
®)

Fig.2. RPLC Chromatograms of Pasta sauce (No. 16 )
(A)before clean up, (B)after clean up

2) GOMSE&AFD #at

1) HBtoRTLE BADGE, BFDGE LIS BE/ LAY
e FeX i b bEnE < 20 E £ TiX GOMS T
I CTE RV, YU b,

(2) BHE TR GC/MS 4/ 1)T, BAGDE, BFDGE ®
KBRS X 100 ng/g TH o723, T OMOE#ELAEYIT

WM TS, RERICERIELZE Z 5,

400 ng/g LIRENEN ST, I T, REBEANEELH
WTHEAREE 3.5 uL 225 20 pL ~EHERL2E 25, [H

LYV CTRRE RS BIFAZ N T& 2. 728, BAGDE,
BFDGE I RABIEAMEBD T A4 F—ICRETDHEEZD

N, UZEEEAWESNIRECH 7. STAO
HPLC #&IFEE D 2 fEMFICHY L, GC/MS HIFUBREAIK
IERIE D 10 F5fE & 72 5. GC/MS TORMHHIRA 100 ng/g
2o E, B OMRHERIE S0ng/g & LT,

2. TR & D ERFE

1) EHFHREMR

i ARG 3G £ 5 18545, T O BADGE K O\ L &
FiE B & Table 11T L7,

7 AR 3 A 5 1 8L 5L T O BADGE } OB A 2 i
SN ONEE S 572, BADGEXHIH Sz b vl
Hdh (250ng/g), BADGE - HCI - H,0 2 ahi=b o
A3MLEL (99~490 ng/g), BADGE - 2HCIZMRHH S iz b
ONSHEEL (63~820ng/g), BADGE « 2H,00MiHH & e
b D6 (54~670 ng/g), BFDGE + HCI - HO 23%H
I b o 18 (410 ng/g), BFDGE - 2HCIZMGH &
7= b 0232845 (190,260 ng/g), BFDGE + 2H,003 % Hi &
Nz b o1 (91 ng/g) ThH-o72. BPA, BFDGEK T
BPFRIZ T X COREIN ORI S ed o7, BADGED &
HENTZRTEI0ONPLCY u~ k7' T A% Fig. 312,
BADGERE/ L AP S /- &HF6DRPLCY v~ k7
7 L% Fig. 412, BFDGEB#E LG AR S/ BEHID
RPLCZ v~ k7T L %Fig 512 L.

AIEIOFE CILEF RS OKEM M) 2655 485,
2 HBADGED 2 EI L TV 52, A EOFHE T
KEEIML L7 5 IXBADGEIE M g, AN 14,

(510, 7> F 23— b, 250ng/g) MHOHMBHE
nic.

BUE, BAEICBW TR OIEN LENT 2{bAmIc

DN TEMFOREMNHREINTE LT, Fo, LA
A W R T LR 5N I LB OV CIREED
BRESNTVWDEOATHY, BADGEK N OBE(LA Y
DWW THIH E TR0,

L2»L, EUTIIBADGEH /KR ISAEMMILT mg/kg
EHZRNI LI SNTEYALS (SITKE) »bZ
N%E#z T1.1 mgkg (BADGE - HCI - H,0, 310ng/g
BADGE - 2HCI, 820ng/g) MDA #H1,130ng/g) i L7z,
F 72, EUTBFDGER L OB L& S TiER o
e INTWS. AEIOFHA CBFDGEIIMR ) S 41722
7273, BFDGERE LEME R4 (Wi LIHEE
BFDGE -« 2HCI, 190ng/g, HAH) KRORE9 (V1 27
—Y—+— : BFDGE * HCI + H,0, 410ng/g, BFDGE -
2HCI, 260 ng/gl O'BFDGE * 2H,0, 91 ng/g, KEH) 2
ORI L. BUSN OB 2 5 13 & vz o
7o, HIEOFRA TIXEFH RS (FF3EIN L) 1855 rhsHl
i (2= KON~ ) HSBFDGEREALA A H &

W3 HT
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B O/ 7
NN, SREIOFMAETITE N TS (BE3,
75 BFDGEBE( LA M3 i S v 7e o 7z,

o BADGE

& BADGE - 2HCI

10 20 30 min

Fig.3. NPLC Chromatograms of Luncheon meat (No. 10)

BADGE - 2H,0

l BADGE - HCI - H,0

BADGE - 2HC1

20 40 60 80 min

Fig.4. RPLC Chromatograms of Tuna in oil (No. 6 )

BFDGE - 2H,0
J /BFDGE - HCI * H,0
BEDGE - 2HCI
o
~ D
[N
20 40 60 80 min

Fig.5. RPLC Chromatograms of Vienna sausage (No. 9)
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2) LRV RES
AIEIOFETL L MG OKENLTREMN, ~7a) »
L5BADGER N D X A < —2iti sy, 4E, &b
OFEHZHC L THELZE 25, TNTORENDS
BADGEN OB E LA MITMIN SL e odz. 202 &I,
TARF VREEFIDMEH SN TRV, FHESh TV
ELTH TS FRATF I T4 NLEDLEBT 4 NV AEHBRT
EhhollzvEEZLND.

3. BT NVEBEHER

1) EEEA S

el AT % W28 7 WA SRR K OVR AR R OB
ST & 5 BADGE K U B L AR H EIZ DWW T Do AT
FE G & Table 312k L7,

BADGE - 2H,Ol3 & S A i O BRI 4 TldNo. 104%
BEfE (56 ng/mL) 72D DB Z7=28, L hv MR AL
HTiINo. 1, 2, 4DOZFHKKO4%EEE, No. 3D4%EEE
7 598~1,600 ng/mL & 145 2T ERE TRt S -,
BADGEFMH S22 > 7243, ZHUIBADGE K+ Tl
K3 SV TBADGE * 2H,0 L 72 572 &2 b,
No. 1D4%EERE TIE L ML bR A TR LA TE D%
REROF28EME Lz, F7o, REEK L 4%EEEE Clid%HE
ROl BRHENE L, BESRE TOFREH LT Ve
EZZbivd. BADGEIL, 284 (No. 1, 4) O hL &
BALERY T A b 2268, 190 ng/g it & 7.
ZDZ &%, BADGEM KM L 0 MFNIZIEME LT Wz
EEZDNDN, n-~THF AL DR TR S -
/2. BADGE 138 EIEDn-~T % OEHEtEL v 35
A TIEDNMTBEH LT W E b ho Tz, HEEicoW
TOINGDOETI/VIEHERBERIL, AiEOFREE & Rk
DIERTH -7,

2) LRV ERRTF

AIEIOFE TIE, L bL MEAIEMIZ OV TOREH
7 VER TBADGE K OB E L A0 i H S 72978,
SEIOFAETIE, RER ST FIHE TN TOREHZ SV

Table 3. Migration Levels into Food Simulants in Cans

Distilled water* 4% Acetic acid*  n- Heptane* oil*
Sample Country of .
No origi Migrant 95°C 121 °C 95 °C 121 °C 25 °C 121 °C
. gin . . . . . .
30 min 30 min 30 min 30 min 60 min 30 min
1 Thailand BADGE N.D. N.D. N.D. N.D. N.D. 190
BADGE 2H,0 N.D. 990 56 1600 — —
2 Japan  BADGE N.D. N.D. N.D. N.D. N.D. N.D.
BADGE-2H,0 N.D. 200 N.D. 340 — —
3 Japan  BADGE N.D. N.D. N.D. N.D. N.D. N.D.
BADGE-2H,0 N.D. N.D. N.D. 98 — —
4 Japan  BADGE N.D. N.D. N.D. N.D. N.D. 68
BADGE-2H,0 N.D. 490 N.D. 690 — —
N.D.: =50 — : not measured *:ng/mL *2:ng/g
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TBADGEX UBHEL AT S iginodz. 2D &
%, U MV RSO FEREFIEREE, 4RI LR S
T FITIE AR F RESERBER S LTV R0, RS
NTNWe e LTHT FRAFT v T4 NVLBEDLET 1L A
EBWMTE ozl tELLND.

* & »

ROV ML R ERTOERT 2 ) — VAP T Y 2P
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Study on Bisphenol A Diglycidyl Ether (BADGE) and Related Compounds

in Canned Foods and Foods Packed in Multilayer Laminated Film Pouches
Kumi SUZUKI?, Mami OGIMOTO?, Junichiro KABASHIMA? and Yoko UEMATSU?

Bisphenol A diglycidyl ether (BADGE) and related compounds in canned foods and foods packed in multilayer laminated film
pouches (pouches) were determined. BADGE and related compounds were detected in 11 samples of canned foods; BADGE in 1
sample (250 ng/g), sum of BADGE<*HCI*H,0 and BADGE¢2 HCl in 5 samples (63 — 1,130 ng/g), sum of Bisphenol F diglycidyl ether
(BFDGE)+*HCI*H,0 and BFDGE-+2 HCl in 2 samples (190 and 670 ng/g), BADGE<2H,0 in 6 samples (54 — 670 ng/g) and
BFDGE<2H,0 in 1 sample (91 ng/g). No BADGE or related compounds were detected in foods packed in pouches.

Migration from 4 unused cans and 8 unused pouches into food simulating liquids (oil, distilled water and 4% acetic acid solution:
121°C, 30 min) was investigated. BADGE was detected in the oil packed in 2 unused cans (68 and 190 ng/g), BADGE+2H,0 was
detected in the distilled water packed in 3 unused cans (200 — 990 ng/g) and in the 4% acetic acid solution packed in 4 unused cans (98

— 1,600 ng/g). These compounds were not detected in the food simulating liquids packed in unused pouches.

Keywords: Bisphenol A diglycidyl ether (BADGE), food, solid-phase extraction, HPLC, can, multilayer laminated film pouche
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