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LT RTTE R A LY = R AR BRI 0 BAT R E R A X R R R AT
EAERAR ZRFAIEXEERBRGELAF TR EEIAS B A RR O LA AR X 64
IR A 0 5 3] & K(60°C, 3054 & 95°C, 304-4%) » 4%EEER K %(60°C, 30448 % 95°C, 30
S54%) ~ 20% CEEVER(60°C, 305-4%) AR BIE(25°C, 1INEF) o SAKRIE H ik~ A%BEBR IS ik A&
20% CEEIR B P AN Z R RR R & R A AZME R 0 i E A Oasis® MCXE #7[E - A 25% 4,
K2 CRERR I E R B R B M e A R BRI E NS E R 0 A RAK
%0 ARG EAR R IR > B ALC/MS/MS 51 o #AKRIE i~ 4A%EEER IS ik~ 20% &
B i AR R I R 5 R Ar0.1 ~ 0.25%0.5 ppm = B #Uk L P el R 4971~
108.4% » % RAZ# 50.2~2.6% > 7 ik# £ k2345 50.01 ppm © F| 3t 77 ik J& A 305244 £ @t
m A AR 2 = R R B R 0 SR MR AR s Rk = R Bl 0 LAk
S1HHEEFA R (95°C, 300 4%) ~ 4% BEER 7% 1 %(95°C, 305-4E) & 20% L B 7% 1 7%.(60°C, 304-4E)
HHZ R TR S o P 1A% ESER (95°C, 300 4%) 2 5 & £44.8 ppm * HARSOH [ \5h
1.7 ppm * A B = B R AF IR B PR B AZAE(30 ppm) © 6FE IR B AR 2 = TR FURIE 4
B PR T BATBERR R R (95°C, 305-4%) > /KK ik > 4% BEER 75 4 iR (60°C, 305-4%) >
20% L BRI 37 (60°C, 309-4%) > R IE H%(60°C, 304-4%) > R IEIE 5% (25°C, 1) - 3
bR R iR KRR =R AR 0 LT AR =R R RN R R

RASEE - EMMMEE - —WHAE  BHEEE  REERSREERL

R E AR AR - BIERK ~ AR EVER - 1
VETAZBE® © 19994 B IS FEAE R JE % (International
Agency for Research on Cancer, IARC)#3R G R =
FEMEZFHEwET  ZBFEEFHEHEEREE

Al

S 1 [0 28 5. R DA = 2% 4 i B R B S I S ol
P =RENE-HREEE ) o SRR RS TR

R-HEERENE ) BRI - IR RE ~ BB - EEET
ERHEAEEMN  PHER  BEGINE - &
B~ HA R ERIHERT RN IS F R B s B
0 EMIE ESEERER AN TR - BEA
nnfy o AL BB VA R 2 18T - BEE2002/72/ECH
Al = RN B 2 8 VA HH PR & (specific migration
level, SML) £330 ppm®

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

BEREAS - fS e R e - B pE e 5
R PRZAEEBE CHEER E AR
B S LEE = EEY© -

R B RIEHBY BN
R BfAH BEBEEERXC  FRTFHRE
fn o R B FES THEML67% > REHE
SFHREERERE16%5E o T REIEE R INE]
B AT DREEHESE © 200743
BIFDAGEESEYEiE = B & M5 4 - 3EkgE -
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BEEYITR R B
B FEC 0 20084 = B &MEIEE FE R 4. MR GAEEMESE  EYELA MG-2200 °
FLELF - BRUFARTFREZEHBREE O H A Tokyo RikakikaiZ\ &](Tokyo, Japan)JE
BEET - Z=FH MG I R 1k ~ L8 fh e
nh o VRREFL ~ BEHECT C BN BN A D = fpEme
R F AN - B TR kR A - - ohA
=B E G EY) - SEESER AR 1. FHHR AR
HELISA » SRR AHE T LB & LN H 8 = F % (melamine) % H £ E] ChromaDex
(UV) » & Mgy g H 28 (DAD) ~ A E BT ek, H(Irvine, CA, U.S.A.) + E R FALIH =5 &%
SR AT B Rl (MS) B HR I B Rl ik (MS/MS) T DAL [ PCNL(PNH,),, 13C3, 99%, AMINO-
E 15N3, 98%) 95% PURE, 100 ug/mL, 1.2 mL]
RAERT R ELRA =R - ATRERA i ] 25 Cambridge Isotope Laboratories’ &
HKEEMIE BB HZ =B &M - BREMIE (Andover, MA, U.S.A.) °
BZ =FEHENAHER  hEeHEGIs S8 2. g
BB - LA T S SRR BEFTER I~ B IE BBl B fEE Merck /A ]
MR - WA RIRBHEAEZE LA SZ " Bihe (Darmstadt, Germany) * & B LC#l © BEER
B /e BT e zamsg $7 ~ BIK ~ LBE R UKEE R 2 H 2 B Merck
% BRERUE GRS R Z LC/MS/MS#E s INE] PR e BE R -
ST EM A B =2 ath ik FRGEEE st =
8 S L e = B U T RE S VT - IRRARZ R
. 1. PEBREHE AR 2 B S « BPCoNL(PNH,) 1R 4E
MRBT A fH(100 ug/mL, 1.2 mL)E A 100 mLAE & -
— ~ IRBERIR DLZ B VARG E 2% 100 mL + {#5%1.2 pg/mL
REFFRFT B 2 b B G 98 4523 F 256 F B ZWNERIERR . \
EALRGTH AR « T T R 5T (- 2 IEHEVATR  FEHEREE = A AR RE L 10
SEARGLE - BESPE « BI2SPE - BEGHE BRI + 3t mg » DL LIGHEILE R E100 mL - fifie st
SoPFEMIEE » 47 = aa Lot - M1 mL - DLLBEESHE10 mL - $HE=RE
FEAZHEFUR - (I - RS HE R I = & e
—RE HEJF%0.005~0.5 mL * 5FHIE A 10 mLA &

i A IA N EE1R0.2 mL - DLZREE
FUMR G5 R 550.005~0.5 ug/mL
(& P EHEAE L R 0.024 wg/mL) » AE{EREHE
B -

17K« BT-350 » fii{EEAic&es - HikE
F X1 CLAA - [ Labortechnik GmbH /A F]
(Schwabach, Germany)JZ i °

2./ OO T AT E 3 (LC/MS/MS) © Waters
Alliance 2695 J:Micromass® Quattro Premier H - D5
XE » FEE|Waters/\ &)(Milford, MA, U.S.A.)E

T o EHAEERH BMasslyns Va1 lggsr B9 SREIFDAS RN SREIRZ R
s B0+ W ek A SR 2 3 P e

ERIE - B FAMCXE T [ 5L K LALC/MS/MS 3t
FTHEH] o
1. i 2 g By

3. B A PROE R AE 4E B (Turbo Vap evaporation
system) : Turbo Vap (II) * 5B Caliper Life
Sciences’\ 7] (Hopkinton, MA, U.S.A)ZE i °
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S AT YA R
60°C + 30438
7K - —
95°C - 3047 ##
e 60°C » 3047 §#
A%RRER AT

95°C » 3097 f#

20% P9 REET 60°C » 3047 4%

EFEbE 25°C » 17\

(s H
T LUK VR EZ B 12 - IR — P YA H
o AR E2380% A a8 2 T NEE
FE I 2 AR BERHREREZ
Kyarp o WRFIRFESER o AR E IR TR Y HY
VW HIR » T B B BV (R A B B2l
FKEE - B altk - BUKE R R 20% B
EHIES mL » 3 BIINokESE20.2 mL (4%0E
fe ) o LA S 4% e 1A H RS mL
SR NS AE A 1K0.1 mL - HETTRGRE
TRETEMCX)F LR -
(2)0asis® MCX (150 mg, 6¢c)/E 7 [F iz
MCX & 7[5 U EES mL K2 7KS mLiEAL
AT~ 1~ (1D)ZIK ~ A%EE R 2 20% P51
VR - DUFFEES mLEE - fiisz e
M2 BH » PLE5%RoK S ZIEETES mLi
P2 o EERIE - HETTHPLC/MS/MSHgZH
(3) S EUIE BRlEiE S mL - A AZEIATRO.1
mLZDLERWEZ » DLAHE @ 20 mMEEIE %
(9 : 1, vIV)AHRS mLiAfE - BEERR - 7T
HPLC/MS/MSHgi]
2. LC/MS/MS TE & 5317
(DHPLC Mt
a. [BHTE R © Atlantis HILIC Silica * 100
X 4.6 mm i.d. 5 um > FEBWaters/\ F]
(Milford, MA, U.S.A)ZE T °

b. BENMHAEE © 25 + 20 mMBES R 82 VA 1K
©O:1,v/v) -

c. it : 0.7 mL/min °

d.7EAE :5uL -

(2MS
a. B U - BT LR (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 h iR < BUE
AHT AL %L,20.005~0.5 ug/mL=T &%
FRHEVATR (& AP IEHEAYR0.024 ug/mL) -
T B MU RS 255 ul > 23 BIE AR
[EMTE R DL IRHPLC e MS {4
T8 - H= & Mm/z 858 T RN &
e fim/z 89T 2 I I T R L B R =
FEMIREFRE - SRR R
@)z &2HE
HE T B b VR LA HE VA W5 5wl > o3 BlE
AESBARGITE R - e i B AR e v
RIS e 2 i B B ] L i il <+ IR
THEH IR TP OR R R =R e S E
APEAATT -

e UL e E A e i C XV
B =& S & ppm) = ————
A X2
C : HEREd AR RIFE R R =T &M 2
IR (ug/mL)
VA IR B8 FE(mL)

AVAN

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

SRR KA HTE ~ 4%EEER S HIE ~ 20% 2.

PV HHR R IE BB VS RS mLAR R ino.1 ~ 0.25 »
0.5 ppm = &% - F—RINEE=8EE - [FRE
e RE - RO R - KLC/MS/MSE &
% - ENINBE TLE - SHEHEICE -
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BLEEYIIT S A
B Fom/z 85 ~ EVEBET Fom/z 68 » [FINL iﬁﬁqum@;u@
91 ~100 [ PCNS(PNH,) 2 HTSEHEE T Fym/z 133 ~ EREET
T SRR - $139= b2
T 71~s0 [E— m/z 89 FLF@HTIEIANE — - $+35 =3 Fk
T o1~ F 15 1.01E # B 25 % (identification points, IP) -
] AT HET A SRR - 7B
- — 2002/657/ECHIFIZE D FLAE B RIBE B HE" -
21 ~30 [ L N
11 ~20 [ , =" ﬁ'])ig‘&fijlj_?f
= . . . HNERTEEBA LY TARSE  F8 .
0 2 4 6 8 10 12 14 16 "
- SR [Jﬁl%ahzéér‘fﬁﬂ]l%ﬁz;m%nﬂﬁ

Vi IR LR B = R A B (R
R TR FH 2 GRR VAP - BII7K(60°C, 304048
F95°C, 30475#) » 4%BEMEVA TR (60°C, 307§ 52 95°
. C, 3073 8) ~ 20% ZEFA T (60°C, 3077 ) f IE Pk
ﬁ%%;ﬁiﬁjﬁﬁ (25°C l/J\HéJ:‘)
— - HRBELER £ BIFDAFT AT 2 £ AR = SR G 0T 151
N A

st EMmE AL im0 b SRRSO ER T I

B (S B B —) - R 11 ~207e (e o IR UG iR =

- . BRI Onsis® MCX - WAL % - LA
7 AR SR FSPE - #E2
O HPLCH BRI 3 (TLCIMS/MS 7147 - 75T

FEICI 4% BE IRV T RN P CNS(PNHL)5 R A7 3

B— - EMmEEZ EERGHIME

— ~ LCIMSIMS A T 2 3%aT AR, = B A HE T 7 A Oasis® MCXE T
. ) ® [ DA&ES5%RNKE LGB R ET 9T - 4
f# i Waters Alliance 2695 K Micromass FEE T - 4R LHES mL (& PR RS

Quattro Premier XE= VUM E 4 (F » Atlantis
HILIC Silica (100 X 4.6 mm i.d. * 5 um thickness)
JEHTERE - BENMHIE WA R 2 © 20 mMEE
E’ﬂfi@ 1, v/v) ' ?ﬁﬁ%o 7 mL/min ° %;%7\%5

ASTEECERKIRI5% » A5 RIF MG o B
melamine 7 IEEE A} FAZKVE IR K2 20% LI HY
iGN Uﬁﬂ?\@%%@ﬁ4% E%*EHZ%W&%

: s uu uu ’ | — A ‘_‘“7‘_\’

ATk YR <<<’*/‘1:Vﬂ
ESI+ B - D)% i}irﬁw (Multlple reaction Hj«&zﬂ%ﬁ#f;%ﬁ {% NI M i

monitoring, MRM)f& U B HIEE+ F Bt - JEfTERE w2tk DB EIRRERILET T -

el B LIEET - R B HENZ 28 - =% « B IS Y SR

S BB Bm/e 127 - RER 4 2 T \ \

%ﬁ%)%i/z 85 68;;60 , mﬁ:;;i%?;é%%ﬁ% IV R AR B R R =
R TEHRFHE 2 MR - AR

R ZBERRREMIZRARECN,(°NH,)Z R 2 #

Compound Precursor ion (m/z) Product ion (m/z) Cone energy (V) Collision energy (eV)
Melamine 127 85 40 17
127 68 40 22

PC,N,(°NH,), 133 89 40 17
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7 Filastng

L
e i . i L M
LS rm 144 m 1% 108 R L] am 4% e L1 LRl L1 o (X7 L]« LL's L] o (5] '“'l"rl“
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 f
Added with acetic acid 0.2 mL 8
S 200 r
8 A
< y=55.337x- 0.094
<
Added with 1.2 mg/mL g 150 R =0.9999
13 (15 ,
C;3(°NH,); sol’n 0.1 mL 100 |
v
Oasis® MCX cartridge 50 ¢
Eluted with 5% ammonia water 0.0
0 0.1 0.2 03 0.4 0.5 0.6

in acetonitrile 5 mL
v

Eluate

A\

HPLC/MS/MS
B= - EMMEEZK - 4% BEFE R 20% ZEAH K+
=BRE R IGERRIE

Concentration (png/mL)

B « =BERZ R R

0.999 » B/R =& ME1E0.005~0.5 ng/mL.ZIRE
B I T B LB RAF 2 SR MEAERE -

~ ANEIUE SR
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BEEYITR S B
x= » EMMEBERFN=BE R ENR =R - =EREZFEIIERER97.1~108.4% °
> , Recovery (%)* B ELRE0.2~2.6% » WIFR= BRI
Migration solution - . ' e N ST e
0.1ppm’  025ppm 0.5 ppm UEREME AR E M R AT - Ak B 7 B SRS B
Water 102.2 (0.5)° 99.5(0.7) 100.2 (0.5) SREM S T ER R E%0.01 ppm - HEEE
4% Acetic acid ~ 108.4 (2.1) 100.2 (0.4) 99.9 (0.4) TR E B 2 SINEUE 43 B 52 522 (AlfE 1)
20% Ethanol ~ 102.5(2.0) 100.4 (0.2) 99.5 (0.9) A HERE T B = ERE U -
n-Heptane 97.1(2.6) 99.2(0.7) 98.4(2.1) I
aAverage oftriplicate /NN m%%w#mgﬂz:%gﬂﬁ}ﬁﬂjll\%ﬁf
*Spiked level FHE

‘Number in parentheses represents coefficient of variation (%)

fE 7N Ry 5244 T el L& 2L o = T Ui s H
AEta AR o Ss2ff e e E 1R Bg ol s H
PRAFEAREH =& - Hegs1fHtaie TR 11
2 R4 %R (95°C, 3077 8#).2 1A & 4.8 ppm >
Hegta Bk (95°C, 3073 8) ~ 4% BB A il (95°
C, 30735) £ 20% ZFHE i (60°C, 30733#) =T
v BB/ INR 1.7 ppm » BERE = B E A HEF

UK ~ A%EER A HTR ~ 20% LB HTR R IE
BEBETAS IS mL - 250 A PCyN5(PNH,), A 220. 1
mL » AE—E RS BIINAL0 ug/mLZ =&
f%0.05 ~ 0.125520.25 mL * F—RINEF=EK& -
RFTHE L 2 M B e T TR E - FSLC/MS/MSTE

WOALA 6 1 w11 MM o 4 8 amses Fie
137 =04
| Trme0I
.
Joeo
Tl Lt Tig i Vi A . AsE . soi
uuu«-.-;-‘m-e.—m.ﬁh"wb s II.u‘uu P i o e B Pt i,
|
i K o
RECA gl G0 s 1] AN of L P anem B
1ar-a
Mot 1 Tt
(¥
T
u
.
”'__:“ ‘Jt"nu LT LA o o T g PR :1_“__'{11 m ALY gy 0 ORI T L L I TN A T R TR T TR
l 1 b 2 i RTE
et A n‘-bv..,.m_ et e L Uy e R T = PR I PR g B ey
w | -
WICACH §aple A w1 WI o P e PR
133 0
CLIMTE milliri, T Irebm - E085
w3
T
1
.
) P il ki 3 . S —————
T T T T T T if  s9  EE B0} &8 TLD  TAD B0 R0 660 60 oM

B~ KA (60°C, 30 2348 ) A 0.01 ppm = EFUZ < EHTE L
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5.0

45 +

40

35

30 -

Migration amount (ppm)
N
G

=N

| Y

i
| I

Water

Water 4%Aceticacid  4%Aceticacid  20% Ethanol n-Heptane
(60C,30min)  (95C,30min)  (60C,30min)  (95C,30min)  (60C,30min)  (25C,1hr)

N~ EMMEER 6 ARG =BT IRAHE

#N - MEXMNEAZ=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.

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

BT Fod %o lBB BR VS IR (95°C, 30493 8#) > 7K VA HY
1%(95°C, 30575#) > 4% 7 IR (60°C, 3047-§#)
>20% ZFEVA I (60°C, 3047 ##) > /KA HITE (60°
C, 30478#) > [EBREE IR (25°C, 1/NEF) - HAE
BRI R A H =& - a0y - frlhe
R RN B R IERLEZ T -
HEFafREHER S .24%5 %S H R
(95°C, 3047 8#) EFLUE - Pl 7 Hi 5 B SE T T
EEg 2R - BBERwE Rz - &
FELMERRE S - EE R EE R
 REREE G E=B&EEHEREN
FA1 ppm - (M3 ARAT R A L i i = & U
BHER A1 ~4.8 ppmZ [ > Z0E -

T« AR ERINRERRZ LLE
ZEEHRE -2 - RERATIEEH

200
180 ¢ o
160 .

E 140 .

= 120 ¢

S

= 100 b .

% .0

g URT o

— 60 L

A~ ..."

40 B o o0
*
20 : o. R . .
0
0 1 2 3 4 5 6
Migration amount (ppm)

Bt - EMtMEBEA 4% BEELIAHIK (95°C, 30 7348 ) 2
— = R = oo
—RERAHEREEEN N

5.5
50
°

g 45

a 4.0 r

NS

g 35

g 30

< 25 ¢

g

g 20 |

& 15 ¢

Z 0t :

. |
05
' . i :
0.0 " - e
China 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 HE (60°C, 30
5r8) + MfEIshiwata®F A PP 2 g B /7 s h HH IR
#550.05 ppm ° AWFFERTEBEE - = HFE
TATE R ARZ 20% 27 IR (60°C, 3047 8) Ko7k
EHIR(60°C, 3043 #8) ATt » [ IEBEbe A R
(25°C, VNI B ARt H - BREH2002/72/ECHE
51O EE & B2 A8 <500 mLE > 10 LEF -
= EEFHESMLIE S5 mg/dm’ (H130 mg/kghiLL6)
Bradley % A"V LL3% &2 (70°C, 2/NEF)HE 5 9 5]
MEEMMER ., =R RAEHERLOQ~2.5
mg/dm’® * Lund¥ A\ ""IRPA3%ES R (70°C, 27N £
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KA~ AR Z ZBREPLEH 8 B2 L8
Migration amounts of melamine (ppm)
Water 4% Acetic acid

20% Ethanol n-Heptane Reference

60°C, 30 min
<0.05 0.3 0.2

95°C,30min  60°C,30min  95°C,30min  60°C, 30 min 25°C, 60 min

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)

ATPFAERTEEMIE B =B A HEE /ML
0.4 mg/dm® « FF# POl FE R - % B =B F LA
=IERMNEEETE22002/72/ECH =B F M 2R E
1 AR & (specific migration limit, SML) 30 ppm&i5
mg/dm’ °

O

AHFFELAPCNL(PNH,), TE N R A H, - 5
Oasis® MCX & 7 [F 75 /K AH VA HIWE - DALC/MS/
MS/#T » IR EMMEAF =F&EHREHEZ
B - REMEREN:  SBIEM KBRS 2 E
2L WTETEVEHRORRETEERE - iR HIRE
#50.01 ppm ©

AN ZE R BN R 53 A M TR B A =&
Moz s - R IFEIEZK(60°C, 3047 §# K 95°
C, 3047#) ~ 4%EEIRE(60°C, 304578 £ 95°C, 30
538 ~ 20% ZEEVEW(60°C, 30535#) K IE B ki (25°
C, UNKF) - (RRERIREEE S B - RN
FOmEE R Z A EVE BT - iebais RS 1R
B2 =S E EEE /T ppm o (£ 1E
HE R 4% B5 % (95°C, 3047 8#) 2 A H & F4.8 ppm »
W R AT R d % BE R 15 HIR (95°C, 3047 §#) > 7K
VEHITR(95°C, 3047 8) > 4% 5 A H(60°C, 3057
§#) > 20% L BRI HIR(60°C, 30453 5#) > 7KV HIR
(60°C, 3077##) > IEFEHEA IR (25°C, 171NEF) » 5
R FAERE =B 12 SML 30 ppm * fG SR CHRAEE
BB ET €=M ME B h =B & n LR 2%
Kkgbg ke 2% -

=RE AN ET RIS 2 RER
FEHE » BHUN B S o i AR B N B 2 SE it L
H o

. TR A - 2009 - BEALERE

SEVRK

H A& gl
BAEIEUE - 908.10.20% & BT 5509804614395F
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



BT - BEEEES

10.

11.

12.

13.

-
W

S M R 2 =T

and cyanuric acid residues in infant formula using
LC-MS/MS. US FDA Laboratory Information
Bulletin. No. 4421.

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.

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.
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.
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.

14.

15

16.

17.

.Commission Decision 2002/657/EC.

Z [ TBBEEIS ] www.angle.com.tw

85
A BT
Inoue, T., Ishiwata, H., Yoshihira, K. and

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

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

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.



BT BEEETHEE

86

W

Z [ TBBEEIS ] www.angle.com.tw

RASEVIIE R

Studies on the Migration of Melamine from Melamine
Tablewares

MEI-HUA CHANG, WEI-LIANG YAN, YA-MIN KAO AND
DANIEL YANG-CHIH SHIH

Division of Research and Analysis

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



