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Joe JX F BR C 5 (ethyl carbamate) & 5B AZ & B R A A X WH - SRR AN
R dh BASEEARFE P 0 BT AR B BOR M M AR A BUPT R o & B ST ¥R B AR SR 09 53T
SRR X FREAZAE  HAL L 15-1000 ng/mL o H b ik B 4HHHK R & B TR IR BAZ A
1000 ng/mL ° & #84x 88 if v B AL & PN 3R AR 7 50 (20 ng/mL)$A 5 3 £ 2] 48 3 IR [T i 4T
TR A BT 0 AR RS IR R A LEE I IR AR 0 AR IR A RAR B AT B T H SEAR(GC/MS/
MS)Ee 4 % & R JE AR A (MRM)AE X AQA] » A WERAZRE SR E/T 2 F R HE
EE G 5 R RIS AT IR A KGR R 0 MR TR A AR SR R Ak AR B TR AR
S 10~ 50&100 nghie 3k V&L L ES 0 F) B M T3 s R A5 87.6-113.0% » 4% F44 %
%0.4-8.0% * £ A M AT IF T3 wK EA5490.9-108.1% » 4 FA% $.40.4-10.2% © A&
WeBR Tr k2 R MR 210 ng/mL o SARE 2 O ik AT T E SIS S X AR 0 sdank
¥ A9 ey B K T BR GBS R L 86 B 4 KRR H-1720 ng/mL 0 H b A 34 IR JE A 1000
ng/mL » 7K REE GO & ki h-48 ng/mL > SEAAIM &R E 0 BEEAH S
43-124 ng/mL > A48 E 114 % ki 5-92 ng/mL > #ar 4 R e iR pb4a M % 2 B0 4
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[l 5 F % £l (ethyl carbamate, EC) X%
HRE (urethane) @ EEERRIY JEEE - 5T
P CHNO, » FERAS S R R IMEL - 5%
PHELR - AIYATAK ~ ZBE -~ &5 - ZEERH
Y RBERERETEREEZYE  BEZF
TERR 38 B2 Fr ot R S B BIORE TR o BRI B9 iE i 52
% (International Agency for Research on Cancer,
TARC) 220075 $f i 1 B R Z BRI BUR R
#rodE o RSB 2BIE 2 AT RE R EUE A T
(possibly carcinogenic to humans)#& & ZE2A %2
M E 7 HE By U8 A (probably carcinogenic to
humans) * K& 73 & FH Bk 2 B e Qa2 Fa

i k7 BiE i (liver microsomal esterases) 7K fif 5
ZIE - B S - DS e e
FP450 (cytochrome P450) (X 7 A= fi 5 B Ik
LIHEIRE LY (vinyl carbamate epoxide) » 2R
M+ SRR 2 mERE LY G B L SR
¥ (deoxyribonucleic acid, DNA)TT Ik S & T
HEFUEES o BEE R RGN - 1986400
FERRF PR R LB PR E AT YE
@ HA A B A ) E AR B R A IR A
#E - QSR BT E A A food L AT A PR E AT
5315 ng/mL K260 ng/mL - 2B HI S5 258
T S 7Kk 5 T St R S AR HE 5150 ng/mLF21000
ng/mL + FEE A 7K R F R R A5 %E R 800 ng/
mL s 55 B A A A P PR B AR ME 530 ng/mL (%
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—) * HEIG#E MR ¥ E IR EH R
e IREATE -

TPHE A i B FH R BT i B = SR
WF = (1) ZEZER R « [RBEMREARY) &R
(cyanate) BV 52 & & i (isocyanate) S JE A i (2) R
B A SBCHE 85 (cyanogenic glycosides)&
FHEEZ E LS EY(cyanide) » FILYIE LA
8 (cyanate) B £ 5 S FEAE FH AR R © BEAR
MR RN EEEHEEFTIREGH - §
SRR IFFER R W L R A IR AR B R
ZEERHE A B IR A S " o MO ER TR
- BRI E HF AR R E RS BRE Z HiT )
B A R RE T % BE FR R ZFRRYEE A

PrE R R ERR A TR
M5 - ke BE RE 1S AH 25 HUE A (solid-phase
extraction, SPE)ZE % DA AHE 1T E 55 (gas
chromatograph/mass spectrometer, GC/MS)f
AT (7 BEEHART JME I 3L R (fourier
transform infrared spectrometer, FTIR)# & fi
/N5 (partial least squares, PLS)ilE 43
gl ® ~ TEZ2 [E A % ZE B (headspace-solid
phase microextraction)f&ELGC/MS/H " ~ 78
FeiT AR DAORAE e A (5 e 28 Ot i H s (high
performance liquid chromatograph/fluorescence
detector, HPLC/FLD)fill"" % - Ho R EEZ
{5 FH B 93 A7 03 2 o i e AR 5 8 1 2 I R 22 Y
T LLGC/M Sl - BB 78 3 BT AL B2 52 1
& (Association of Official Analytical Chemists,
AOAC)E J5/71%:994.07 73 T ils ki I BIokE K Bl
Hh it B R C BRI R B RE TR

BB RE A ) E W R R R 2R
PREFUE K inig s - WA Hiy2%E
B B SRR B 22 P PR I FR R Z e < e T i
PRET o A7 98 - 2 (PR VARG T 2% B e B 1
TFLAEAL - DLGC/MS/MSHEFT 4347 B e I 5
% TR A R AT T T B I A R A S
et n AN S [ -

RIS
— MR

M E R LB (FEE =299%) [ B
Sigma-Aldrich/A F] 5 [A] {7 5 M5 # 2 B
(urethane-ds)f# H Toronto Research Chemicals
NE e ZBE -~ TEIbE K B R A A BE R
(J.T.Baker) » [ 5 Avantor Performance Materials
NFE] S KB (RLE99.8%) GCHl » i H
Sigma-Aldrich/A ] o VEARZERUE » ZFL1ERY
%% 1 (Varian Chem Elut cartridge) * 1% & i &
20 mL * % H Varian/\ F] °
— &SRR

A E B i H R ARG I 24 Ry Aglient 7890B
GC Oven * HEES R FsAglient 7693
RIS B Fy Aglient 7000 GC/MS Triple
Quadfil E7000 ALS Enhance MassHunter¥X &
FQQQ Quantitative Analysis & Qualitative®&
Jel g B A (Aglient 7000 GC/MS Triple Quad,
Aglient Technologies Inc., USA) ° JKBRIEAEFEE
(Rotavapor” R-210, BUCHI Inc., Switzerland) °
I % %3 (Genie-2, Scientific Industries Inc.,
USA) -
= ERAE

()R AT BRI R 8 43 BT R 4

AT B HP-INNOWAX EHIE - fH

JE£0.25 um * N1€0.25 mm x 30 m ; %

AR B AR 1 mL/min 5 A EE

220°C ; BEFUERIRE230°C 5 S AR E

250°C 5 FEHMEN A0 s BRI

BT HEEBERE70 eV ) FHREE R ZE

S FE A T = 1 34 2 B 7T BE (mass-to-

charge ratio, m/z) LFE— KR -

&=—  BEDIESE

F iR (mL/min) () [ (min)
0 50 1
5 160 0

30 220 5
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R REREC R S EREARIES

ﬂ Emzj{::AbE
ST HIBEHET (m/2) > (ff];i
EEVIHET-(m/z)
L I 2 S jjijj 2(5)
Elve e L e 64 > 44° 20

a. G T

(et %

TR DRSS IR 1045388 » BU5 mLE R
B OE T 0 AL pg/mLINERIEHEVA 100
ul - R\ AR - AW TEZEIE - 5
B 1058 o DAIERSE10 mLFE e st (V& &
AR R ZEEYE - B E A IESSE20 mLiF
VEAEHNE 2R - BEFRHIR « PAZEE90 mLsy
3RE AR TRZERE AT PR - IR I
TEEIBHE © FA30°C K300 mbar [ 7/KIA T
BEEFEZER2-3 mL - RS B EEE
DAZ. T2 mLEVEIRAEE - B EBER O AR
fEEs - RERKEZZE0.S mL - UK Z
MEEARZ] mL » BET5 - LGC/MS/MS
G3HT o

NIRRT B E

W [R] 52 34 1 5 R 28 N EP AR MR AL AT 10
mg - AEHEREE - DI ERA L E A £ 10
mL - {ERAN AR - R4 CROLHTTF
fRi o W IR HOGE & Y AR R - DA
MoK ZBEFTER ] pg/mL » HEPERR RS
KPR AR B E 2 AR R AT

(e BB

H % 5 ik 2 B R AR R AU 10 mg
Kt E - AR ERARLE A 210 mL
TER AR - RACHEEET A - B
P - BGEEAFEATR » DUOK ZBEfE
210 pg/mLK1 pg/mL » {E{ERERE R
TR ZIRYEVAVR -

(EAE e R B

BV & AR YE VA VIR R IR AR YR VA IR - DA
7K ZEEFTEZE20-1000 ng/mL (& A S e
AR 100 ng/mL) - BE(EERAEIATE - KETE

EAUEEATR 2 uLE AR T B
AR R RE BRIETT AT - i
FL R Z BR B N AR AR YE L Z I A L
BASE 2 PR Z B RE - B FEE

S BR e & BELE

e e AU A B VAR uL » 3 RIEA
GC/MS/MSHT » {R{Fas HIE R 1T R
FEHT » B R B E A VR AT 15z I 2 T R
B i R 26 B8 12 e {0 I A S e - o 4 1)
Z o AR AT R R H g S g
ZEgZEE

CxV

TR AL TR C R & B (ng/mL) = ——

C : HEMEHRIEREETE T IEER R R
P (ng/mL)

Vo hei R R E A L B (mL)
M EURSMTiR S < B R (mL)

(ERA =l

BT B A [ 3 S R P o P A R
B R = R (B R IR 3 B Rs40 ~ 13
58%)%%5 mL * 53 HIMIAL0 pg/mLIEHEVS
W25 puL ~ 50 pLKz1 pg/mL A EEFEHE AR
100 pL - fHE REZT R 53 B 150
F2100 ng.Z FEAE 5 K220 ngi” PIEFAEHE &,
S B2 BRSPS mL » 43 RIA0A10 ug/mL
FEAEVAWES uL ~ 25 uL ~ 50 uLKz1 pg/mL
NEBFEHEVATR100 uL @ FHE RNEZE T
FRRANTO ~ 5052100 ng 2 FE#E L K220 ngi
PERREUE L » ke e P SR AR R (0 E AT
3T RARAGRHERRR L ¥R - BLRIIR
FEELE o Bl 7T = AR - FIR
BEEARE  STE -EERRLE
] 0804 7 A28 B B (coefficient of variation,
CV)ARHEA ST ik 2 [RICR R BB R 1 -

(PFEE 2 (matrix effect)5T(5

43 AN VAT FP g & 47 (calibration curve in
solvent) 5z F:E VLA i & 4% (matrix-matched
calibration curve) » F'E VLl i &R HE
TE MG IR 2 22 F i B (R A 1) » AShR e
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ZENiARR » LERKEZ20.5 mL + AR
IINTT RN AGE S 2 AR UE VAR R AR tE
VR FORIE i A B S F R A (Y
iz BB E=EE IR &5 A
R -FEAE FLVA B R i S AR 2 R R /R LE A
Pl R g S AR 2 RER X 100% ©
(1) & =R (Limit of Quantification, LOQ)

HUE &R HE VAW 3 B TR 2 — R TIIR
AnE e - AR 7T T - BRAR
B AP 5 E SR AR
FHIELE(S/N ratio) 10 @ 1FEZ R B i Es
T2 E EMIR(LOQ) -

TR T
—  BIRRIES N2 HRET

TE K5 g S 5 FH R B TR P 7 K 72200 ng/
mLA RELAGC/MS H B2 HERR /34T » o ik o 5
B AR R R AL B R LR 0 i
R R 2 BOUER e AOACFT£% F B9 [E] AH 25 B K,
TAHZEET R L - Huang<E A HL#H 4 & b
$A(neutral alumina) ~ B2 &£ (florisil) K Y 38 £
(diatomaceous earth) =T [F]ZZAY[F » AT
e T 2 A e L R ZE AR AR A T &
L&A TEY - KL AR TR AR5 £ 2
[ o FoZ HEVIR ELRYZERGEER - ZER0ATR]
H SRR E S - 2FA0ACHIZERULIE @ &
BETE AZE AU LA BE /R - & e
HEE(HIEA) » 552 Huang X Lachenmeier®s

«

IS

w

N

-

EC and EC-d; peak area (10%)

u EC peak area

o

OEC-d5 peak area
A B c D E

Extraction method
B — « TRZIURIZH AR OB R B R A
PRS2 Be it ho 5% T 2N E ZZEG R AR 2

N ZHFFE s e R e A RE [ DA TE b
Wtk - LR R HIR(JTEB) ~ ZEEHIR(T
EOREGRIR G ELBTRE95:5 (v/v) » 90:10 (v/v)
Fe85:15 (viv)Z LEk K £ Z R (J51ED-E) 2 1R
EIETCETT IR o B —f RN - LB R
(FTEC)Z M B 28 e Rl AT R L B H i £
FEITE S A = BB B R A SRRy g2
g -

= ERESROTIR RS

IV 2 e 3 Y I £ B 2 BRF GC/MS
SR FEBET{E H(selected ion monitoring, SIM)
R - IEEH B LB T BET[M] m/z/%89
iM% Fr 7R [M-CH,]" ~ [NH,CO] ~ [C,H;0]
F[M-C,H,]" » m/z53 7574 ~ 44 ~ 45562
SIMIE R E & FHm/z 62+ 74 F 893 #: Hl| i 1
BTS2 EG"Y - BB DA STMAR 25 HI A it R A
100 ng/mLAEHE N, - [@ — B 5L [E BHmm/z 891
g FR AR PR R AE L B AR LR o BbAh AR E
W GR I m/z 44BN SR (E R={E) T T
# o EEIHE B LR (lon ratio) N FF & B
FHEI(SANCO/12495/2011) K HI5E b AR -
%% Lachenmeier® A" DL 25 5 17 JfEE {5 I A5 =
(multiple reaction monitoring, MRM )i Iz 5 FH
% ZBE - TEMRME IR T (B =) - Hiigar
SREARENG SR - AT DU SRS R R R B
BRIBE - M 25 B R 2 B A BRI MR ML 3 £
X DAm/z 62 > 4415 E EHET# > m/z 74 > 44
R E BT WL R RRER®R S
FERIZ Dlm/z 64 > 44 E BT -
=~ AENET A

53 DB EREE phAR R B VC AR &= AR - DA
G EE A E - MR RHB RO - &
FE(1:1, v/V)ET.Z0.05-1 pg/mLAZEHE VA s Fit B4
f » SHENZE i B i T R B R AZ R AN AL e
S EERZ0.05-1 png/mL2 FE VLR 847 - 5
RUR=Fr o Ui R EE LR R
fEmEER A BB E0.995 DL I BRI
FZREH BN ERRRL - BB EAL
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TR R RIORE T i TR B W T ik RR S B

B= - #2888 N50 ng/mLIZE B EE L GC/MS SIMIETEAGC/MS/MS MRMAET 1882 B RE Bl



CVIE/INR15% » SR RE B - I -
AW Fe DM Hh g ke N ER IR E SR E

PO ~ F3/ARER B B

WEZFA AR BN R SR ISR
HA3 BV IN50 52100 ngiZ B 220 ng” I
IR - A PR =T e
RIN10 ~ 5052100 ng:Z BEAEVATE K220 ng” T
REHEVAWR » R AEHE AR L 4% - [B H BT
152 SRR/ T 72 87.6-113.0% (F2PY) » B H
RIAT{S 2 S AR ST 290.9-108.1% (B 1) »
FEAai b e ks HERoR & R
TRTE SR Z AR T0-120%.2 A - [6) H 52 2
FEARE T 120.4-8.0% 2 [ - B H M2 8RR
IT120.4-10.2% - AR ER ESLERERTT

EZHT) - BEETETERE  FE [ TREREES ] www.angle.com.tw
6
BAEEYIRER S
== BEENEZTGE
FEHE AR (SCC) HEVLE S E5(MCC)
EETE

VALY RR PUEREL R PUE R (%A)z

(slope) ) (slope) )
[ 5L B % 2l 0.013 0.9997 0.0122 0.999 -6
a. FEEFE= (MCC ZHE-SCC ZHIR)/SCC Z R x 100%
=00 - EFEEE PR E R 2 B 2 [ R R EARE(R B )

N PRI IR El & i HL{ZE
I (%) (ppm) %) %)
AL 8.5 10 103.9 4.6

50 102.3 3.6

100 99.7 0.8

BRI 13.0 50 105.5 0.4
100 99.5 1.3

B 40.0 50 87.6 0.8
100 92.2 1.6

=R 58.0 50 94.4 2.4
100 96.9 0.4

MBS 5.0 10 113.0 8.0
50 110.4 1.9

100 103.5 0.8

REUR » EFR AEEENEER 6% - H 1 EROR R EY20% (18] H ) F222% (FH

M) ERAREE RIFZREEE - KRR
SERRIE SR E R  JE R SR R
S~ R T R T AR - AR
B BRI HERGE A
A NEIIRREER

BT B RS B 3 L A L
g Z B IR E AR SR - KRS
SRR F58 ng/mL ~ WU R AR HY » PR
W S R84 ng/mL ~ ZEEE I P
$536 ng/mL K FHHRE S PR IIRE 5579 ng/
mL - FERERBEES R R R R
FE A HAE RN - AT e T
MR ERR ORI BETTE o AKRKRE
BB A E - fEINAS A -
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A BEESPRERMBEZENERERRE(EHM)
S WA TS Elea 4 B
1= (%) (ppm) (%) (%)
AL 8.5 10 101.0 2.7
50 103.1 0.9
100 99.1 0.6
ERLL] 13.0 50 108.1 2.7
100 97.9 29
Rt 40.0 50 90.9 1.6
100 95.5 2.1
[=E 58.0 50 97.6 12
100 98.1 13
5P 5.0 10 102.4 10.2
50 105.9 3.7
100 101.6 1.8
RN MEBEEFREARBIEZEE
A FBHEREEINHE FEELE ~ KLERWY - TEREN ~ B 9 579 (ND*-1720)
B /KRGS frI%%ﬁ@ E%ﬁ@ i LA 6 8 (ND-48)
C UBLPEEH B~ B 3 ND
D FHHELE ZE 2 84 (43-124)
E ZEEISHE K~ B RFFID - S - HREM 11 36 (ND-92)

a. ND <10 ng/mL
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Investigation and Establishment on the Test Method
for Ethyl Carbamate in Alcoholic Beverages

WEN-JU TSAI, MEI-HUA CHANG, SU-HSIANG TSENG,
YA-MIN KAO, HSIU-KUAN CHOU AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

Ethyl carbamate (EC) was found as a natural constituent in many fermented foods and alcoholic
beverages. The international community concerned about the carcinogenic potential of EC to humans.
Hence, numerous countries has established their own maximum allowed levels of EC in various alcoholic
beverages from 15 to 1000 ng/mL, such as, France had set not more than 1000 ng/mL in fruit brandy. In
this study, each sample of alcoholic beverages was added of internal standard (20 ng/mL) and then loaded
into diatomaceous earth cartridge. The cartridge was rinsed with pentane then eluted by diethyl ether. The
extract was analyzed by the gas chromatograph/tandem mass spectrometer (GC/MS/MS) with multiple
reaction monitoring (MRM) mode. The quantification was done by internal standard method. Samples of
wine, sake, brandy, spirits, and beer (1 mL) were fertilized with different levels of EC, including 10, 50
and 100 ng for recovery studies. The intraday average recoveries of alcohol beverages were from 87.6 to
113.0% with the coefficients of variation (CVs) between 0.4 and 8.0%. The interday average recoveries
ranged from 90.9 to 108.1% with the CVs between 0.4 and 10.2%. The limit of quantification was
estimated as 10 ng/mL for this method. The established method was applied for survey of 31 alcoholic
beverages from retail stores. The results showed the EC in 9 grain brewed beverages, 6 fruit wines, 2
reprocessed wines and 11 spirits were from not detected to 1720, 48, 124 and 92 ng/mL, respectively.
3 beers were not detected. Amount 9 grain brewed beverages, 3 of them were above 1000 ng/mL. The

survey reports had provided to authorities for references.

Key words: alcoholic beverages, ethyl carbamate, gas chromatograph/tandem mass
spectrometer





