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hisetmatH
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LT TEEM A L2 = R AARE ERI 0 AT R E IS A X MR T R R ST AT
EAEBAD ZRAIEXEERBRGELF TR AEEFAS R AL RE QLA AR X 64
IR A 0 5 3] & K(60°C, 305-4E & 95°C, 304-4%) ~ 4%EEER MK % (60°C, 30448 & 95°C, 30
54%) ~ 20% CEEVER(60°C, 305-4%) AR B IE(25°C, 1INEF) © 2ARIE H i~ A%BEBR I ik A&
20% L BRI R P AN Z R RR R & R A AZME R 0 JE A Oasis® MCXE #7[E - A 25% 4,
KZ ORI ERER B RA A A ZR AR L ENFZERE > BEARLAR
%0 ARG IRILIE > B ALC/MS/MS 51 o #AKRIE ik~ 4A%EEER IS ik~ 20% &
BE I ik AR R I R 5 R Ar0.1 ~ 0.25%0.5 ppm = B #Ulk  L-F3 el R 4971~
108.4% » % BAZ B H0.2~2.6% > F ikH#r HFRE 39 50.01 ppm ° F| i 3t 77 % J& A 305244 £ @t
m A AR 2 = R AR B RS 0 &R MR AR s Rk =R Ry 0 LAk
S1HHEEFA R (95°C, 300 4%) ~ 4% BEER 7% 1 7%(95°C, 300-4E) & 20% L B 7% 1 7%.(60°C, 304-4E)
HHZ R R s > P 1A% ESER (95°C, 304 48) 2 5 & £44.8 ppm * HARSOH [ \5h
1.7 ppm * 3 A B = R R A R IR B AR AE (30 ppm) © 6FE I AR 2 = T R
B PR T BA%BEER R B R (95°C, 30%-4%) > /K IE ik > 4% BEER 75 4 iR (60°C, 305-4%) >
20% & BRI 37 (60°C, 300-4%) > R IE H 7% (60°C, 304-4%) > ERIEIR 5% (25°C, 1) - 3
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PR Pk R R s B 2R AUE 0 ST AR AR R AU R IS IE R o

RASEE - EMMER - —WHAE - BHEEE  RBENRHERL

Al

5 Iif L4288 2L 4R A = 5 i g B Y I 12 8 T ok
FEREE-FEEE ) SRR EERI TR
R-HEEAENE ) BRI - IR RE ~ BB - EEET
EREEAENS  SHER - BRI - &
v HAR R R B HE R E M LB R (F R B ihis B
OV EftE BAESEERERE TR KA
mm bR 2 AR BRASVA L2 16 P - BRER2002/72/ECH
e — 2 I B S 2 FF B VA HH PR & (specific migration
level, SML) %530 ppm"

=% & W (melamine; 1,3,5-triazine-2,4,6-
triamine).Z 53T 25 C,HN, * CAS No. 108-78-1 *

B EEED R - BEIRK - BUEREWER - ©
VETAZBE® © 19994 B FSFEAE R 72 (International
Agency for Research on Cancer, IARC)#$3 G R =
FEMEZFHEwET  ZFEEGHEHEREE
R = v R lh i il AR ) 1) 73 R
AR RZATHEEE CBEER R AL
B o LB =ELLaw© -

Z R =HEANMHEY e BN A R
R~ EfA > BEBEERT  TARFHRE
a e R EBEF M THEN67% - EHE
SFHEEREE16%E » R EIEERINE]
ko LR  DIREEHE SR - 200743
BIFDAGE E SV G =B & M54 - SR -
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B SELC  20084F = B AL IR 4 A R
FLBE T BHFA BT RZEREREE O
BT - 2 =B M2 Ee -~ Iy ~ AL
on o VREEEL  BEETT C FEA - B A )
A R - B T Rl L S A
RERE G RY) - SEES EN TSR
HELISA ~ & 30RAHE BT LB & 89t H A8
(UV) » g3 s HE8(DAD)  WAHE T EL
SRAHNE T R (M S) B AR I B R R (MS/MS) 12
% o

RERTREMBEA =TS IS TTaERA
KEEM M EEHZ =B % - GRS &
B =BEHHRAHER e HGHZ &
B IR E T S SR TR
Mg AR EEHEEZAEZ TEMS
H A% b PatEB s m s
% BRERUE ROEFEMES S ZLC/MS/MS e
FEITEMT R B = M2 ot Ak - FERFEE
THES SEM L R = S n RE 2 A BT -

MFERTTE
— ~ 1RRERIR

AWFEFT 2 g £ 983 H 26 H I H
EALRRTE T - TEHS R TTEmLEERE - &
FEMref: ~ BE81: ~ Wu25(F ~ M6 RIGRETI - 3
52 EMMmER - T =R F A -
—RE

1. 7KyafE  BT-350 @ MfEE2IRESS - HiRZE
FE1CLAA » fEE Labortechnik GmbH/\ F]
(Schwabach, Germany)Z f; °

2./ OO AT E B # (LC/MIS/MS) = Waters

Alliance 2695 :Micromass® Quattro Premier

XE » FEE|Waters/\ &)(Milford, MA, U.S.A.)E

i o BRHE B AT FsMasslynx V4. 1B 5547

HHg -

3. B A PROE R AE 4E B (Turbo Vap evaporation
system) : Turbo Vap (II) » [ Caliper Life

Sciences’\ 7] (Hopkinton, MA, U.S.A.)ZE i °

4. WA FE RIFSE - EYELA MG-2200 °
H A Tokyo RikakikaiZ\ &) (Tokyo, Japan)jiE

[ST= N

1. SR e i
=& i (melamine) i 5 2 B ChromaDex
H](Irvine, CA, U.S.A.) ~ EIX AL =5 &%
e [P C,NL(°NH,),, 13C3, 99%, AMINO-
15N3, 98%) 95% PURE, 100 ug/mL, 1.2 mL]
M H 2B Cambridge Isotope LaboratoriesZ\ ]
(Andover, MA, U.S.A)) °
2. A%
NG~ B R OEBERE R B B B Merck /A H]
(Darmstadt, Germany) * #ili & B LCH © BE#R
# o~ @K~ LT R OKEE Y9 H 2 B Merck
IR AR
1. PEBREAE VAR 2 B S « BPCyNL(PNH,) 1R 4E
fH(100 ug/mL, 1.2 mL)E A 100 mLAE & -
DA B YAMR E 22100 mL > {#5£1.2 ug/mL
ZNEEAERR -
2IEMEVS TR REER N =B S0
mg * DLOEAERRITERZE100 mL > fEHER
1 mL - DLAFEEARZE10 mL - HEE =S
FEREHETER - {5 PR - M HE R I = & e
EF0.005~0.5 mL » 43 BIE A 10 mLAE &
M B IANEEREA 0.2 mL » PLAETE
FUMR G5 R 550.005~0.5 ug/mL
(B N EUE S 0.024 ng/mL) » E{EFEUE
B -
-~ PHE
2 EZEBFDAS TR =R & K 2T
E S WA =B [FAL 3R A
{ERCIE » i FIMCX g 7 B3 b s DALC/MS/M S HE
il -
1. Wi B
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=S =32 hrdat Al et I 27 )

x— » EMIMER 2 = BEAE SR

VA H A peatant -34S
60°C » 3047 ¢#
7K

95°C » 30474

60°C - 3097 f#

A% BEFR AR .
o 95°C + 30575
20% P9 RE TR 60°C » 30554
EFEbE 25°C » 17\
(1) HalEs

T UK VR B2 1R - KR — P YIVA H Bk

o AR EER80% A a8 2 T NEE

FE IR S AR BERHREREZ

Kyarp o WRFIRFESES o G RRLE IR T 1R U HY

EHIR T B B VS (R A B 2R 2

FKEE - B altk - BUKE R R 20% B

EHIES mL » 3 BNk ESE20.2 mL (4%0E

M ag) o BV M A% S FR T RS mL

SR NS AE A 1K0.1 mL - HETTRGRE

TREFEMCX)F LR -

(2)0asis® MCX (150 mg, 6¢c)/E A7 [F iz FE

MCX &[S DU EES mL K2 7kS mLiEAL

AT 1~ (D)ZIK ~ A%EEEE 2 20% P51

R - DUFFEES mLE e - filisz g hr [

M2 BH » PLES5%RoK S ZIEEHES mLi

P2 o I ERE - HETTHPLC/MS/MSHgZH

(35S EIE BRleiE S mL - A NAZEIATRO.1

mLZ LR RWEZ » DLZAE @ 20 mMEEE %

(9 : 1, vIV)ETRS mLiAfE - BEERIR - 1T

HPLC/MS/MSHgi]

2. LC/MS/MS TE 85317

(DHPLC /MRt

a. [EHTEFE © Atlantis HILIC Silica * 100
X 4.6 mm i.d. 5 um > ZEF]Waters/\ F]
(Milford, MA, U.S.A)ZE T °

b. BENMHAEE © 285 © 20 mMBESER 8274 1K
©O:1,v/v) -

c. Vit : 0.7 mL/min °

d.7EAE :5uL -

(ST
a. MU - BT {LERE T (BST) -
b. BAVEERE : 3.2KV °
c. Desolvation gas: Nitrogen 900 L/hr °
d. Desolvation temp: 400°C -
e. Source temp: 130°C °
f. Cone gas: Nitrogen 50 L/hr °
g. Acquisition: Multiple Reaction Monitoring
(MRM) °
h. Collision Gas: Argon, 3.5 X 10 mBar ©
(3R fh iR < BUE
HHTE AL %L,20.005~0.5 ug/mL=% &%
FRHEVATR (& W AP IEHEVAYR0.024 ug/mL) -
i Tife B AR BRI A5 S ul » 23 Bl AVRAE
[EMTE R DL IRHPLC R MS R
T8 - H=B & MEm/z 858 T R N &
HE fim/z 89T Z L I THI P LL B R =
FEMIREFRE - SRR
@)z 2 HlE
i it B2 U R B AE MR VAR 55wl > 3 Bl
AR T E RE AR - st R B AR RS
TSR e . i B PR ] L i il <+ SR
TR RERERP =R Ka &
APEAATTE -

NS N7 f— [= Ak = C >< V

B =& S & ppm) = ————
A X2

C : HEREd AR RIFE R R =T &M 2

B (ug/mL)

V AR BEFE(mL)

A AR ELES B 2 R A (cm?)
78~ ZEERAINE G ES

SBIRY K AR ~ 4%ES B A HTE ~ 20% 2

P HH R R IE BEES HH S mLAR R AN0.1 ~ 0.25
0.5 ppm=F &% - F—RINE(E=8EE - [FFE
Z2HRE - RO R - KLC/MS/MSE &=
% - NI TLE - SFEHEICE -
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>100
91 ~100
81 ~90
71 ~80
61 ~70
51 ~60
41 ~50

Price (NT dollar)

31 ~40

21 ~30

11 ~20 1

=10

Number

B— - EMmEEZ EERGHIME

FEER BT AR
— ~ IREERER!

S2PR M B2 BB BT~1807T » &
HEEGHfiEaE—) - FER11~207TE
(o EMARIE MRS - BIERESH - BE2
fF ~ EE32MF R AR REMI3 -

— ~ LC/MSIMS P2 %5

i FiWaters Alliance 2695 K Micromass®
Quattro Premier XE= 0 VUMAT B 244 » Atlantis
HILIC Silica (100 X 4.6 mm i.d. * 5 um thickness)
[EMTERE  BEIHE KRR R © 20 mMES
BR$Z(9 : 1, v/v) » T %0.7 mL/min » {E A S
uL » ZEEE R HEF AL E AR CON(PNH,), K8
ESI #5214 - DL% 5 [ FEEL I (Multiple reaction
monitoring, MRM) & = &5 HIBEF Fr B¢ - dEfTERE
ez B LR - ROBHMAENZ 28 - =%
IR iEeEE T Rem/z 127 ~ RRERNHEES 2T
it Fym/z 85 ~ 68260 + HHH Bk #E R E FHE T

R ZEERRREMIZRARECN,(°NH,)Z R 2 &

Fom/z 85 ~ TEVEBET Fym/z 68 » [RINZR N EAEEHE
BCyNL(PNH,), 2 BTBEEE T Fym/z 133 ~ EEBET R
m/z 89 » HIBHTEILIE — - $1 8 =& e > R
F 15 1.01E# B 25 % (identification points, IP)
50 T T A 15 1SR BB FF S ECE SR
2002/657/ECHL#i 28 /) HLA{EHE 5 B8 #E™ -

= BIRRIETIA

HRERIEEZBA LS TERSRE - B
ESE AR REYE | MRETE M A B2 = B &M
AR R =R A AR R 2 S
AR HE AT ER FH 2 6F YA HA B » BlIZK(60°C, 30978
J295°C, 3047#) ~ 4%EER AT (60°C, 30575 52 95°
C, 3047 ##) ~ 20% ZERETR(60°C, 3057 ##) K EBEbE
(25°C, 1/]\EF) »

EBIFDAFT A Z f AR =& Z 57
O DR M 2B K A WOR R B » BB =3
FEFIEER » BUFb - IR RS T A s
R AT Oasis® MCX » RIS ERWEZ 4 » DA
HPLCH B HEfE » #E{TLC/MS/MS/HT » AW
Fe I 4 9% B8 8 75 7 i AL PCNL(PNH,) 5 [FIZ 32
PIRE R = B LA HE iy > 7 A Oasis® MCXE T
[ DAESRRENKZ CHEE IR R ETT 0T 4
REAR » A%RERVA RS mL (& E) - FA LA
A EEWCEKRIRS% - Al RIFZFER - B
melamine®F IEEE (7] » FAZKIA WK K 20% L EEE H
Wb BN ABSER 6 54 % » FARAHEZ i 45 B
ETIRER - B EREE = o R IERA
H A - (EFIARTRESS - KRR
HZ % DA ENAHENA R aTEST 44T -

“ IREEHIRC S

FE] 7 R = 5 2 AR A ot {4 MR ol o 2 B
ET ARG R - HAR AR R R

Compound Precursor ion (m/z) Product ion (m/z) Cone energy (V) Collision energy (eV)
Melamine 127 85 40 17
127 68 40 22
“C,N;(°NH,), 133 89 40 17
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WY o7 d chaeela, [0

1areE2

[em— A 5iCaI0l
Bl
THaT
L

o (2T n M T
N ';-\.r"'_.uw..-q..rfﬂt.u\ e i e o i k= ) :{Mﬁm:.mﬂqdld—:flﬂlrw .
U000 e R o chanasin B
113=
EEEATL | T Frastn
L
PR B B A i A S ARLEIR e B M R
Y] ] 18 704 e L] 1] 48 i 4% 4na LY a [1Y] Fad (L™ T (1T (1 ("] i
BZ « =B &z i e E LB E
Water, 20% ethanol 4% Acetic acid 300
Migration solution 5 mL Migration solution 5 mL
o 250
Added with acetic acid 0.2 mL 8
S 200 r
8 A
< y=55.337x- 0.094
<
. 150 R =0.9999
Added with 1.2 mg/mL &
13 (15 ,
C;3(°NH,); sol’n 0.1 mL 100 |
v
Oasis® MCX cartridge 50
0.0

v

Eluate

A\

HPLC/MS/MS

Eluted with 5% ammonia water
in acetonitrile 5 mL

B= - EMMERZK - 4% BEEER 20% ZEAHEH

=BERIGERE

0 0.1 0.2 0.3 04 0.5 0.6

Concentration (png/mL)

B « =BERZ R R

0.999 » F/R =T & IEAF0.005~0.5 ng/mL.Z ERE
R I T T PUAE A BAT 2 AR AR -

A~ ARINE B
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x= -~ EMMERFRN=RE S RBULR
Recovery (%)"
Migration solution -
0.1 ppm 0.25 ppm 0.5 ppm

Water 102.2 (0.5) 99.5(0.7) 100.2 (0.5)
4% Acetic acid  108.4 (2.1) 100.2 (0.4) 99.9 (0.4)
20% Ethanol 102.5 (2.0) 100.4 (0.2) 99.5(0.9)
n-Heptane 97.1 (2.6) 99.2(0.7) 984 (2.1)

*Average of triplicate
"Spiked level
‘Number in parentheses represents coefficient of variation (%)

BUK ~ 4%FSVE W > 20% J B H R 1E
BEBETS IS mL - 2500 A CyN5(PNH,), A 220. 1
mL » AR R0 ug/mLZ =&
f#0.05 ~ 0.125}20.25 mL * F—RINEF=E® -
WP E T7 2 i 5 T iR AT IR - RRLC/MS/MSTE

IO g G0 wiw- 141

R

181 LE8 P T T
oA e e L Ilﬁ-ﬁ‘uu.-_-...__,_ﬂ pe o P o P

"
v A . ASh . snE
UL

=R BRI EIEIRERE597.1~108.4%
BEAREUR0.2~2.6% @ WIER= » BnAkiE Tk
HEMEME KRR E T RAT - AR B 7 iR R R
=BEM 2 Em R E50.01 ppm - HE £ HE
TR EVEBE T Z SINFUME 3 B 52 k22 (ANfE 77) -
AJYEREE B =R

AN -mEEMMEBAE =& RAHIER

FHE

B R 52 T E M MR B2 = B & IA H
AR - St R R E LR he s iR ot i HY
BRIFIRAH =80 - Heps1Heie a1
B2 R 4%EE % (95°C, 3057 88) 2 1A Hi & F54.8 ppm »
HERM BRI 7K(95°C, 30578#) ~ 4%0E A R (95°
C, 30438#) 52 20% LB R (60°C, 3057 5#) =&
WS B/ MR 1.7 ppm o BEEE = IR G IR VA L &S

7

MITH of 4 “F armsd Pl

13¥=0
1 Tisasl T

|
] k =%
RRTACR wple B w1 MR of L oP s FSe
1ar-6a
[T 3 Fastii
[
ar
n
=
A3 O gy LE i 1t gsr i ] TEE pay B L33
7 Gltpay LTy M oam e T amgm 39 BAT AR g gy 003 4T g n) 13 M ganl = BB gy T gy W
b 2 N -
At «‘-bv..m_ et e L Uy e TSI v P L P Ly P

3 |

WICACH §aple A w1

i

WI o P e PR
133 0

CLIMTE milliri, T Irebm - E085
(37
i
1y
1
1 b mp—— Y S ———— — x A ———— i
o 1ED 180 18 180 LI 19 ™ L5 0% Y [T 15 Tm T4 B &80 i M

B~ KA (60°C, 30 2348 ) A 0.01 ppm = EFUZ < BT E L
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45 +

40

35

30 -

25

20

Migration amount (ppm)

15

=N

| Y

i
| I

Water

(60C,30min)  (95C,30min)  (60C, 30

Water 4%Aceticacid  4%Aceticacid  20% Ethanol n-Heptane

min)  (95C.30min)  (60°C, 30 min)

@25C, 1hr)

AN~ EMMEAR 6 ARG =BT IRAHE

#N - MEXMNEBAZ=BFIEHE

Condition Amount’ (ppm)
Water 60°C, 30 min 0.03 (N.D. *~0.08)
95°C, 30 min 0.19 (N.D.~1.63)

4% Acetic acid  60°C, 30 min 0.05 (N.D.~0.59)

95°C, 30 min 0.45 (N.D.~4.80)

20% Ethanol ~ 60°C, 30 min 0.03 (N.D.~0.10)
n-Heptane R.T.*, 1 Hour N.D.
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200
180 ¢ o
160 .
140
E *
= 120 ¢
=]
= 100 F .
Z .
g 80 %
2 - :
= 60 L
~ Faue
40 B o o0
*
20 : o. R . .
0
0 1 2 3 4 5 6
Migration amount (ppm)

t - EMME R 4% BEEEAHE (95°C, 30 88 ) 2
ZRERAHEREEEN S

5.5
50
45 r
40 r
35 ¢
30
25
20 r
1.5

*Average (range)
"Not detected (<0.01 ppm)
‘Room temperature

B Fod %o lB BR VS AR (95°C, 3047 8#) > 7K VA HY
1%(95°C, 30575#) > 4% 7 IR (60°C, 3047-§#)
>20% ZFEE TR (60°C, 3047 ##) > /KIEHITE(60°
C, 30478#) > [EFRIEA IR (25°C, 1/NEF) - HAE
BRI R A H =& - a0y - erlae
BB RN A R IEREZ T -
HEFdfREHER S .24%5 %S H R
(95°C, 3047 §#) EELUE » Pl Ho 7 H B B S5 T
EEs ZAHBME - BTN & AR v 2 - I
FELMERREESE - EE R REE T
 REREE G E=BEEEHERE N
FA1 ppm - (3R ARAT R A R i i = & Ui
BHER A1 ~4.8 ppmZ [ > 20[EJ\ -

T« AR ERINRERRZ LLE
BRI -8 > REBAFEEH

Migration amount (ppm)

1.0 |

0.0

China

L
Tailand

Taiwan

Non-labelled

Place of production
BN ~ EMME RS 4% BEEA R (95°C, 30 7348 ) 2
=EERAHEREEDN

AIshiwata®E N\ =FGIEMF 7L 2 LUK - =F &%
WHEMRE @ ¥ R4%EEFREHITR(95°C, 3057 §#) >
TKIEHITE(95°C, 304788) > 4% B BE VA HAE (60°C, 30
58 + M Ishiwata™F A A8 7 2 i 7 A HH IR
#550.05 ppm ° AWFFEATEBE E - i =FF
TAYE R 2 20% £ EE I IR (60°C, 30578 Ko 7Kk
EHIR(60°C, 3043 #8) Al » [ IEBEbe v R
(25°C, UNED RIS R AR - BUEE2002/72/ECHE
51O E e & B2 A8 <500 mLE > 10 LEF -
= EEFHESMLE RS mg/dm’ (H130 mg/kghiLL6)
Bradley ¥ A"V LL3 %G (70°C, 2/NEF)HE 5T 9 5]
MEEMNERZ = FFfEAHERLOQ~2.5
mg/dm’® * Lund¥ A\ ""IRPA3%ES R (70°C, 27N £
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KA~ AMEZ ZBEIAH BRI LR

Migration amounts of melamine (ppm)

Water 4% Acetic acid

20% Ethanol n-Heptane Reference

60°C, 30 min

95°C,30min  60°C,30min  95°C, 30 min

60°C, 30 min  25°C, 60 min

<0.05 03 £02

0.08 £ 0.03 2.1 £02

<0.05 <0.05 Ishiwata et al. (1986)

0.03 (ND*~0.08) 0.19 (ND~1.63) 0.05 (ND~0.59) 0.45 (ND~4.8) 0.03 (ND~0.10) ND

This study

‘Not detected (<0.01 ppm)

ATPFERTEEMIME B = BF A HHEE/ N
0.4 mg/dm® « FF# POl FE R - % B =B F LA
= RN EUEETE22002/72/ECH =B F M Z R E
1 AR & (specific migration limit, SML) 30 ppm&i5
mg/dm’

O

AT LA PCNL(PNH,), TE N AR HE iy i
Oasis® MCX & 7 [ 75 /K AH VA HIWE - DALC/MS/
MS/HT » T EMMEAF =R & KREHEZ
B - FEMERENE  SBEM R BRI S 2 E
2L WTETEVEHRORRERTERE - iR HIRE
#50.01 ppm ©

AW FC Ry (B PN 1 2R 43 BT SE Tt L L rp = A
Mz s HE - B HBREEIEZK(60°C, 304538 5295°
C, 30474#) ~ 4%EEIRE(60°C, 30538 £ 95°C, 30
S3EE) ~ 20% ZEEVEW(60°C, 30535#) K IE B (25°
C, UNFF) - (RREASBRESE - BB HEE
FOmiEE R Z A EVE BT © iebafs RS 1FR
82 =B EHE HEE/INRLT ppm 0 [EE 1S
HE R 4% FET% (95°C, 3047 88#) .2 7 Hi & Fy4.8 ppm
B R R d % BE R 1A IR (95°C, 3047 §#) > 7K
W HIR(95°C, 30778#) > 4%BEFR A I (60°C, 3053
§#) > 20% LEEE HTR(60°C, 3097§#) > /KA IR
(60°C, 3077##) > IEFEHEA TR (25°C, 171NEF) » 5
A B = B &% SML 30 ppm * #5 SR CHRMEEE
e AT R T E SEMT L8 B A = T @ IR v H PR 2 A e
Fkgla ko 2% -

=RE AN ET AT =S 2R ER
FEMN - B BT FE i 70 B AR N B 2 ZE i L
H o

SEVRK

. TR EAE - 2009 - BERE Ay > B

B4 REUE - 98.10.20% & B F5509804614395F
SEIE -

. Japan Ministry of Health, Labour and Welfare.

2009. Specifications and standards for foods, food

additives, etc.

. US FDA. 2009. 21CFR177.1460, Melamine-

formaldehyde resins in molded articles.

. Commission Directive 2002/72/EC. 2002.

Relating to plastic materials and articles intended

to come into contact with foodstuffs.

. Budavari, S., O'Neil, M. J., Smith, A. and

Heckelman, P. E. 1989. The Merck Index. Merck
& Co., Inc. New Jersey, U.S.A.

. International Agency for Research on Cancer

(TARC). 1999. Summaries & Evaluations -
MELAMINE.

. WHO. 2008. Analytical methods available for

detecting and quantifying melamine and cyanuric
acid in food (and feed). [http://www.who.int/
foodsafety/fs_management/Melamine_methods.
pdf].

. Anderson, W. C., Turnipseed, S. B., Karbiwnyk,

C. M. and Madson, M. R. 2007. Determination
of melamine residues in catfish tissue by
triple quadrupole LC-MS-MS with hilic
chromatography. Laboratory Information Bulletin.
No. 4396.

. Turnipseed, S., Casey, C., Nochetto, C. and

Heller, D. N. 2008. Determination of melamine
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and cyanuric acid residues in infant formula using 14.Inoue, T., Ishiwata, H., Yoshihira, K. and

LC-MS/MS. US FDA Laboratory Information
Bulletin. No. 4421.

10. Smoker, M. and Krynitsky, A. J. 2008. Interim
method for determination of melamine and
cyanuric acid residues in foods using LC-MS/MS:
version 1.0. US FDA Laboratory Information
Bulletin. No. 4422.

11.Litzau, J. J., Mercer, G. E. and Mulligan, K.
J. 2008. GC-MS screen for the presence of
melamine, ammeline, ammelide, and cyanuric
acid. Laboratory Information Bulletin. No. 4423.

12. Veyrand, B., Elaudais, S. and Marchand, P.
H. 2008. Identification and quantification of
melamine and its degradation compounds in food
by gas chromatography coupled to tandem mass
spectrometry. LABERCA/O8MEL-AL7 Method.

13.Ishiwata, H., Inoue, T. and Tanimura, A. 1986.
Migration of melamine and formaldehyde
from tableware made of melamine resin. Food
Additives and Contaminants 3(1): 63-70.

Tanimura, A. 1985. High-performance liquid
chromatographic determination of melamine
extracted from cups made of melamine resin.
Journal of Chromatography 346: 450-452.

.Commission Decision 2002/657/EC. 2002.

Commission decision of 12 August 2002
implementing Council Directive 96/23/EC
concerning the performance of analytical methods

and the interpretation of results.

16.Bradley, E. L., Boughtflower, V., Smith, T. L.,

Speck, D. R. and Castle, L. 2005. Survey of the
migration of melamine and formaldehyde from
melamine food contact articles available on the
UK market. Food Additives and Contaminants
22(6): 597-606.

.Lund, K. H. and Petersen, J. H. 2006. Migratio

of formaldehyde and melamine monomers from
kitchen- and tableware made of melamine plastic.
Food Additives and Contaminants 23(9): 948-955.



86
EENLE S/ R S ]

Studies on the Migration of Melamine from Melamine
Tablewares
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ABSTRACT

This research is aimed to establish the analytical methods of the migration amounts of melamine from
commercially available melamine tablewares. According to Executive Yuan’s Department of Health, hygiene
standards of food utensils, containers and packaging, six migration conditions were applied, including water (60
°C, 30 min and 95°C, 30 min), 4% acetic acid solution (60°C, 30 min and 95°C, 30 min), 20% ethanol solution
(60°C, 30 min) and n-heptane (25°C, 1 hour). The water, 4% acetic acid and 20% ethanol migration solutions
added melamine isotope internal standard were injected into Oasis® MCX cartridges from which melamine
was eluted with 5% ammonia in acetonitrile. The n-heptane migration solution was directly dried by nitrogen
after being added melamine isotope internal standard and dissolved in the mobile phase solution. All were
analyzed by LC/MS/MS. The average recoveries of the melamine at the spiked levels of 0.1, 0.25 and 0.5 ppm
in all migration solutions were 97.1~108.4% and the coefficients of variation were 0.2~2.6%. The detection
limits of melamine were 0.01 ppm. The developed methods were employed to analyze migration amounts of
melamine in six conditions from 52 melamine tablewares. The results showed that the melamine was migrated
from 51 samples in water (95°C, 30 min), 4% acetic acid solution (95°C, 30 min) and 20% ethanol solution
(60°C, 30 min) except for one sample from which melamine was undetected in all conditions. Melamine was
migrated from 1 sample at the level of 4.8 ppm and the remaining 50 samples less than 1.7 ppm. All results
were compliant with the European Union standards for the specific migration limit (30 ppm) of melamine. The
detected melamine migration amounts decreased in order of 4% acetic acid solution (95°C, 30 min) > water (95°C,
30 min) > 4% acetic acid solution (60°C, 30 min) > 20% ethanol solution (60°C, 30 min) > water (60°C, 30 min)
> n-heptane (25°C, 1 hour), in which melamine in n-heptane solution were not detected and this may be related

to the undissolvable property of melamine in n-heptane.

Key words: melamine tableware, melamine migration test, LC/MS/MS



