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AHE A H RARJE HT B EH SRR (GC-MS/MS)FE = i  + Heif At 5 ¥ ek
v A 5RO SRR IRAALS M T ik o B RERE ek vl A 5 £ F 8
RS o EHP-SMS ULE #7842 o a2 0 #) A E T k(BN & % & RO BR)
(Multiple reaction monitoring, MRM)#E R, i 1748 7] i & 8] %2 » L 354% & (Safrole) »
6- 7 A& & 2 % (6-Methylcoumarin) + 8-'F &4 ' /I8 (8-methoxypsoralen, 8-MOP) * 5-F
2, A 5 I8 (5-methoxypsoralen, 5-MOP) & = ¥ i #x(Trioxsalen)Z 4214 §5 [# %45 - 100
ng/mL » 3 & 7 He iE T i P & &5 (Iodopropynyl butylcarbamate, IPBC) &+ & 5% A (Musk
ambrette) & B AT #] & (Impreatorin) < 42 M4 55 8] %10 - 100 ng/mL - 448 Bl 15 K H 4
0.99924 L » & G AR HE 2 P2 e G FE N A80.9 - 127.4% » 4 AR K AT 8% AT ©
ekl A 5 A A R R 2 2 4R R PR Imperatorin + Musk ambrette ZIPBC%
0.2 ppm#h » H A4 T 1£0.1 ppm o FJH ARy kB304 B il - & REG KRR
i Musk ambrette * Safrole & v vl & & £ #ILSM FE R RS 5 A1 T2 HIPBCH »
HIH12MF MBS EHFEERRE -

RIS | KMEERE H8X MRRETRPHRE - SAEE - SEEHHB

BEiEE
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MR B IE T 2 B2 BE (lodopropynyl
butylcarbamate, IPBC) & b ¥ iL & LIS
Bz — WEEBSFHSEM - ZEE
SCCNFP/0826/04" < PR 315 H AL B S
o 8 Y A Bl R E AR B30 mg o KBS Lk
fiiHA I $% T (Regulation (EC) No 1223/2009
Annex V)M EIPBCZ AR E » KA
P FE R 0 3 B1E] F50.0075 - 0.02% - F
B R AT E BB BR AR - kT

FH L&Y (5-Methoxypsoralen, 5-MOP ;
8-Methoxypsoralen, 8-MOP J% Trioxsalen) » 5%
B$ 75 (Musk ambrette) iz & 15 32 (Safrole) EL # [5
PRI AERT 90 (International Agency for Research
on Cancer, IARC)¥| EsRARE S ] REEUEY® » BX
HHSCCP/0942/05 VS 5 ik & L R AL &
PIRIE M - BFEI NSRRI b
FEEESCCS/1459/11OSLHEFAREH - A REs
% K 6-F H 7 5. 32 (6-Methylcoumarin) B = 2L
BB - ke R LG Y R ST Y
B R AL S FAL KT 8% — (Regulation (EC) No
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1223/2009 Annex I1) 228 - RS - W65ET
Bk & SR LSV 0 R B a2
HEVERIRT mg/kg + M6-HER T A4
J B B LA S #L T 5% = (Regulation (EC) No
1223/2009 Annex 111" Z [R5 » TR AL
Pefd Az F ol ELH BN 151#85#0.003% - FEH
FICZEH6-HEEEHE - HEELGHEFE
Hrp e DR RHE Y iR - ERR
VR B N EEEIE 100 ppm o Ry A E B RS T
o REIC RS L2 B LEYTHES Y
R BE R RS o Ry O B A B A AT FE (b
mn B R AR A A SRR P SR E A B
IH'E 3%4# (Gas Chromatograph / Tandem Mass
Spectrometer * GC-MS/MS)ET7 8fEHEE « [RFEL
5 ke RIER S AL 2 -

MFERTE

— ~ IR

At Fehs B AT Ry R SE B Y ERE AL A B IR
Pt BRI B 2 (LHE A B 30 F

— - HEREE

(e
5-FHEFEE W E fE (5-methoxypsoralen)  6-
FH AL 75 5 % (6-methylcoumarin) » 8-F &
F A5 5 (8-methoxypsoralen) ~ BXHTH
F (Imperatorin) ~ B IE T I% H BREE
(Iodopropynyl butylcarbamate) + 5 X BF &
(Musk ambrette) + =5 (Safrole) ;& = FF
VO #R(Trioxsalen) (Sigma-Aldrich, USA ) ¥f
I PR AL B 98% LA L

(VA R B 5 oy
PR £% AR TG A ik - BT 7k (FLEERH
fA25°CH[E18 MQ - embPA F) - JEfE(0.22
mm * Nyloneff'H) °

= f&=RalR

(H)SAEE AT ER IR E RE K - FsAgilent 7890B%
THE TR #EBCAgilent 7693 H By 4f
SAHf K Agilent 7000 GC/MS Triple Quad&R
=B FE22(7000C, Agilent Technologies,
USA)

CIRMAETERL - AEERE0.25 mm » N
0.25 mm x 30 m (HP-5ms Ultra Inert,
Agilent Technologies, USA)

(&) F K% 2% (Sonorex RK 1028 H,
Bandelin, Germany)

() 2= B -7k B # (Mlipore mili-Q, Milipore,
USA)

BRI LR
KRB IE T I R R B S 8T L & W
HFIEYEAL25 mg » 53 B AN ERA G & 5 22
25 mL » {ERIZEHEFR (1000 mg/mL) » HEH
ACHFTEME A - BUEES-HEEMEE -~ 6-H
ERTER  S-HEEMENE - BETiAsE - AN
HRIET FeHERES - SRR - ERER=HY
HESTE(LEWIRERE S - LNEMER
200 ng/mL * {FRB G AR HER  BRFHEE - B
HERGEERE - DAL SES-100
ng/mLZ IFHEVEWY - HEFTREUERR R 2 BU(E -

f -~ il AR

Hikaie1 g > IANEATES mL - 3358
& DEHE N ERISH# - EAZE20 mL > DL
0.22 mm NylonJEEE)E @ fEIERGR -

N BERBEIZ
(IGCHHTELE
KAHEHTE R : HP-5ms Ultra Inert
JEHTERE © ¥ 0 50°C » 1 min
FHE : 25°C/min
H1yE 0 150°C » 1 min
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7
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FHEHE 1 25°C/min
FRE : 200°C » 2 min
FHRHER © 30°C/min
FE 2 290°C > 2 min
HEFHT®E © 4% 2 mL/min
TEAGEE : 300°C
EARER © 3 Fi(Splitless)
AR 20l
(CVERE R
TR E : 280°C
BEF L=« BEFIFREED » 70 eV
BlEFJRERE © 300°C
EHIEE - MRM © {8 B 7 S B il e 2
& (Collision energy)a[1F&—

€ #EREERESEE
x— ¥ [REMDZZENREERIE(MRM) 5
T2
T filffi#
ST WSEHE T AEIRET Do
(m/z) (m/z) (eV)
S-FEEmMENE 216 > 89° 20
173 > 89 20
6-FEE TR 160 > 132° 10
132 > 77 40
8-FFEEmMEIE 216 > 89° 45
173 > 89 20
EGIEEES 202 > 89" 45
174 > 89 40
TIPSR IE T e F B S 165 > 38 10
182 > 154 10
G 268 > 253° 5
253 > 91 30
e 162 > 104" 12
162 > 131 12
=HIHk 228 > 199° 30
199 > 128 30

A i =L 7

e 2 b i S B VAR 252wl > 43 i
AR RBVEREET - REANEIRSF2E
TRAEST AT » SRR R B AR A MR P 15 e 2
Vit B TF ) e 26 B I B {0 A 6 e o 8
Z 0 MR NYIETE Ak e ie - a B wE
g+ 6-FHEFEE  S-HEREMENE » BT
£ MNRIE T IEHERES - GRS R~ SRR
K = HVb R & & (ppm) :

e RS 2R A A 43 2 & & (ppm) =

CXV 07

C : HHIFHER AR RIS R P IR A R 2
I (ng/mL)
V @ g R % E A BE I (mL)
M : BUR A ds 2 E & (g)
RS 5 T P A e S B e T
I SRHTEAHBR TS (< 100%) @ AFFEIEL1FR

I\~ F3ERER
(IR A
1 EEN ¢ BB R A LA
JR[El—H A EAE T3 R » BT EAHE R
HEfRZE(RSD) > n=3 °
2. RS« BB T R A e A
W MAFBEHSHT - B —IREEER

3R EHEHEIE (R = (RSD)
n=9 °
(IR RS

1 ZHERGE T - IE AR - K5
T BE R

& EMRETHEEER THHENMTREZE

STEEE =
FHSATHE 560 55 (%) HAHIE (%)
> 50 =10
> 20-50 +15
> 10-20 + 20
=10 + 50
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2. R INEIGEE R — R bR AL TE Rl
SRS o NI S HE I TR AL
Y~ BN IE T R EREE « & Es
e R S AR E i RO - AR
BEER0.1 - 1 ppm » K A2 CETHEST
AR - BRSO RS EEE - K
5 = H 1 17 B R AH AT e R =
(RSD%) » PAGHAG A FEEE L 53 B7 7%
KB -

E)E MRS « BUFHEE 5 H1E AR
[E i I E R - BLATS R I 2 SR T
STELHEHEREE(S/N ratio) » DAFEEREL KR
3ZIRIRE RESR 2 & EEREER - DL
LR DL BIR TR s — R 5 EhnE]
Wiidls - B—IRNINEET=82E3E - [
FREREZZ FEA B » IR T I HT
LR 15 Rz g 2 ERGE o B T B LA L (S/N
ratio) * PAEHMEELRA 10 2 S KVR Ry
g 12 78 E MR (Limit of Quantification,
LOQ) °

fEREET AR

— ~ GC/MS/MS & @& 217
AieEwEmflEA s ap bR
F2mE A OB SUE R AN
I - At ¥ Agilent DB-5MS UI » HP-5MS
Ul » DB-1301 F2DB-WAXJE & KE 1T 53 M 2F
il > FEELDIHP-5MS U R & - & HH
JEHT PR G Ry S0 CHERF 15388 - FHRE R R
25°C/min > FHIE5150°C 52200°C » 23 Bl#ERR1
Fe253 88+ FEUER290°C » MERF 24 8 5 VE A
KB A ER  EAER2 mL » #FEMRM
AT 15 A SE R (& —) -

—~ FEHERGE B

B E LS EE R - B FR
VEHEIE - S-FREEMENE - 6-FETEEHE - 8-
HFEEMENE  S2RER=HY MR EE
F55-100 ng/mL - BRETHHEE ~ MPIHLIET B H
e S & R B TR M & B 55 10-100 ng/mL » £
MEE R AR AR = o B R () B 1E0.999
DAL - FEEE M T 2 A B E R Z2(RSD) /T
20.40 - 8.90% ;5 1EHH[EIAE 725 B 3 i o2 FH S A
HE R (RSD)/THR0.23 - 5.78%(£ M) - B E

8-MOP
£ xI0 5, [ x10 5
3
RREE L1s
14 b4
134 5.MOP  Trioxsalen E1.3
124 L12
114 L1
4 Ll
094 6-methylcoumarin £0.9
084 Los
0.7 . Lo
Safrole
0.6 Lo6
0.5 Los
04 L0.4
0.3 L03
0.2 L02
0.1 IPBC 18 Los
Musk ambrette L Imperatorin
5 s’ 6 65 7 75 8 85 9 9's 0 105 0 1ls 12 125 13 135

B — » LIHP-5MS UI3#T81E%E ~ BRAI Ak 7 < Bt T IEATE

Acquisition Time (min)
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x= SIE(LIERE - IRAMD ZIFEmIRRIRITEEE

AR - y=axtb - UiE! F-a%r%%z %(%nlg% iBL %
S-FREHEMENE 4316.139 -5184.958 0.9998 5-100
6-FFEEHH 2695.766 -2681.546 0.9999 5-100
8-FHEEAH FNE 5607.343 -9611.775 0.9998 5-100
BGIEEES 84.564 -248.525 0.9995 10-100
TP IE T I FH ER IS 280.228 -1020.309 0.9995 10-100
BRI 46.307 -122.627 0.9996 10-100
iR 1768.387 -170.558 0.9999 5-100
=FHk 3366.043 580.312 0.9999 5-100
< - sTE(LHESRE « BRAMAMERE BT AR

VARIEZ] 1 #EE (ng/mL) EEMERSD (%) HHRTFE % ERSD (%)
S-FEEMENE 5-100 1.79-5.46 0.25-3.62
6-FEEHEH 5-100 0.86-1.99 0.28-4.00
8-FHEA A ENE 5-100 1.00-2.40 0.29-4.00
GRS 10-100 2.04-8.90 0.96-4.41
TIPSR IE T I FH BRI 10-100 1.63-6.06 0.56-3.29
RS 10-100 2.27-6.54 0.23-2.75
I 5-100 0.40-2.26 0.23-3.98
=k 5-100 1.34-4.02 0.31-5.78

(bR s ORy HE e P S B AR A R R
B/ 1120.1-1 ppmZ STELEEE 2 ZE LG -
WA IE T A RS SRR GRS
el fRGC-MS/MST M & st B E RS TR
80.9 - 127.4% » FH¥ELE(RAZ(RSD)/T/20.17 -
7.77%M(F ) - DAAT{R g 2 i aRaE et E
HEREEEE(S/N ratio) » DUE 1B 3H MR HL AR
3 HE BRI LR 102 F (KR P Rk B
Tk EBMIR(LOQ) « 5-FH&E M FIE - 6-
HFESLE -FHEEMEE  =EZRK=H
ik B BMIR 0.1 ppm 5 BRATEE » ML
BRIET B H B G e & B BS  2 E B R £50.2
ppm °

= mEtHERRARBREEEREZ

¥R&Y

A FE RS0 T LR AL (FRN) -
WA E & SERES SR B LY - R
IETREFFEERS « S=ER R GRS - HPER
EHEMPNRIE T IR ERERET 121F - Ep iR
LR PR (rinse-of N i e A 41F » JEITRIFE
¥H(leave-on)ifE B LE » FIgHERHE » &
#ilE£50.0001 - 0.0025% -+ {HE LB E EALE
TP R IE T I FH R R A e S E PR & 550.02%
FETL R R 0.01% @ MRS HEE
PR EEHME - B30t et KSR EH
TP ZEEUY) (Plant extracts) » 7 5.4 (Coumarin)
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27 K (Fragance) %77 » MIREA = IESE » 1k
7 B35 Mo B RE SE - RSl AR
i

KRR g AR fIE#E M E2 T b
ML PSR R i R PR A e BE e SR, &

KA - STE{LHEMEE « BRAM D M ERER

WITERE B RSD

o (ppm) (%) (%)
5-HEEAH BN 0.1 99.94 120
02 10342 228
0.5 99.58  0.17
1.0 9938  1.23
6-FEFER 0.1 102.68 3.88
02 10347 428
0.5 96.38  1.84
1.0 96.62  1.00
8- E Al B NE 0.1 11528 1.50
0.2 112.81  0.80
0.5 108.42  0.17
1.0 10638 136
BGILEES 0.2 80.86  6.71

0.5 87.78  3.77
1.0 96.21  2.09

BRI B IE T iz FR R B 0.2 127.43  0.68
0.5 11329  4.09
1.0 11524 1.97

BB 0.2 109.74  7.77
0.5 118.80 2.67
1.0 11635 231

wiEE 0.1 90.31 1.63
0.2 85.62 1.32
0.5 84.53  3.07
1.0 88.58  1.07

=HIWHk 0.1 111.37  2.18
02 10677 133
0.5 102.86  0.63
1.0 100.84 1.64

=N siEfem At
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» BRA3 Al > R AT A SR

fgll
AR UEEN
o %)
IPBC e)f(’tlrzrltts Coumarin Fragrance IPBC
1 A% - - - 0.0020
2 \'% \'% - - 0.0025
3 \% \% - - 0.0017
4 v \% - - 0.0023
5 v \% - - 0.0001
6 \% - - \% 0.0017
7 v v - 0.0007
8 \% \% - - 0.0008
9 \% \Y - - 0.0004
10 \Y \Y - - 0.0023
11 \% - - \Y 0.0004
12 \% \Y - - 0.0003
13 - \Y% - - -
14 - A% - - -
15 - \% - - -
16 - \% - - -
17 - - - \%
18 - - - \% -
19 - - \'% - -
20 - - - - -
21 - - - - -
22 - - - - -
23 v - - -
24 - - A% - -
25 - A% - - -
26 - \'% - - -
27 - - - \% -
28 - - - - -
29 - - - A% -
30 - v - - -

RN AR R B R

VEREMAET

S-S - o-FEEDER » 8- FEAM NG - Bl

HAR -~ R IR R = M AR R
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Determination of Banned and Restricted Compounds
in Cosmetics by GC-MS/MS

KUO-HSIEN HSU, SHOU-CHIEH HUANG, YA-MIN KAO,
SU-HSIANG TSENG AND DER-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

A gas chromatography coupled with tandem mass spectrometry (GC-MS/MS) method was
developed to determine furanocoumarins (5-methoxypsoralen, 8-methoxypsoralen, trioxsalen,
imperatorin), iodopropynyl butylcarbamate, safrole, musk ambrette and 6-methylcoumarin in cosmetics.
Samples were extracted by acetone and separated on a HP-5MS UI column. The compounds detection was
on multiple reaction monitoring (MRM) mode. The linearities of 8 compounds were evaluated by several
concentrations of standard compounds between the range of 5-100 ng/mL individually. The coefficients
of correlation (r) were all higher than 0.999. The recoveries were conducted by spiking 3 different
concentration levels, and were between 80.9% and 127.4% for all compounds.The relative standard
deviations (RSDs) were all below 7.7%. The limits of quantitation (LOQs) of 8 compounds ranged were
from 0.1 ppm to 0.2 ppm. The surveillance results of 30 commercial cosmetic samples showed that no
sample contained furanocoumarins, safrole and musk ambrette. There were 12 samples labeled IPBC in

their packages, the testing results showed all were complied with the regulation.

Key words: furanocoumarins, safrole, iodopropynyl butylcarbamate, musk ambrette, GC-MS/MS



