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MARERTRBEERD ZoM R P CEARR

RIEE TR REE

a

BB sk E

nn SV E BT ekt

W R

Mﬁ TARA R 5 2R AR AT B R H 3% (LC/MS/MS ) 2 52— 2 L P ik vy
P AMRBEVAS0% O R AR IR S R A% 0 42 Waters ACQUITY UPLC BEH CI18 & 474 4%
(2.1 x 10 cm, 1.7 pm) » 3% A5 mM F BR 65 /KI5 R B T Mg 745 By AR AR JL iR 32 » GEA %

Bl K, (Multiple Reaction Monitoring * MRM ) 1&:]

* 7 5] B AT ALHE S

Acid orange 24 (CI 20170) ~ Acid red 73 (CI 27290) * Solvent red 1 (CI 12150) * Basic
blue 26 (CI 44045) * Basic violet 14 (CI 42510) » HC yellow No.6 ZHC yellow No.12%7

BN G R RS o THRR AR S M § 1 £0.001-0.250 mg/mL -

25t 4 b )

S5 BB 50.998904 F o kA BIKCRER £ R 0 B R A3480.6-117.2% 0 AR AR AR

£ 39 T% o J& I ARHF 5 P 52 T ik H

TR & & o

R T E AL L L 10F - AT 8 ORI R

FASE - BWRMEETEBNELE ZAEXR LR

Al B

AL L ECR AT H & 2B VE R ATR O - B
AU o AN T EGER Y E ER - REGE L&
VEEH WIS LR - mERISEAL
EERRIEFY - BRRERYR S T EE E
REMGH - ERGHREM R - JRAKEE
POROREFEE - WEZEN - B EEAS
RS ERCR AR R &P BT 75 B L
Gy - EELE B R RLE RIS - REL
R il R AR BRI 26 | 8T R E LS (LR
PR AR E (LR 3R Ah - HAth 3 JEAE
oL AR EE BB - AR - BTIEE
EALHER Rz H o H R O AR A R
E.2 e HA1Acid orange 24 (CI 20170) ~ Acid
red 73 (CI 27290) ~ Solvent red 1 (CI 12150) »
Basic blue 26 (CI 44045) ~ Basic violet 14 (CI
42510) * HC yellow No.6 5. HC yellow No.125%7

e £ 32 571 B 1A R B o R 4 1 e 53
017GV G PN IR sl e U Yt AR )N
Ell:llZlEP -6)

H BT LR A 3R E = 2 DA R
HriE(HPLC)FEBC — M B ST HH &R (PDA) Ry
W% (BEREEETEEMEEYZ
T 1 1) ViR e R BOR AT - (HE R A A
etz - AR R E R - bk
#RE - RS E AT H (co-elute) Z [HIRE - 35Kk
AT ERIRRH] o R RAH g TS & E AR T
SAAT(LC/MS/MS) » B T B Al F s 4 B R A
ERIHIRIN - FEH T Fr B RORE LB &
TERE M B2 ARKEE » AT R R R 7 H
R BT TS R Bl bz 37 - E TR AT
FRIGHE R 2 KSR BR e 5 =0 m] 43 Ry eR i it
% (electrospray ionization, EST) N K 5@ R (L2 f7
% (atmospheric pressure chemical ionization,

APChHFMEHEL T3 - ERFEE L RS
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HIF ARG AT S B B AR o AT LRl TR 2 S (3R

TR TS e i SR L P R Ry SR T e
L0 FEEARSITEARE - &t
DTERZAEY) - RRBR(CEEERE
AT R I B R 2 b -

AW FEHEAE T — = OB R AT S E R i
FTHERFE B R DR E {LRE b rp e 7R 2
@RS - B EfR AR 2R - TEAR
ARAGITHACRE S bl - DA I &

LA e
MFER TR
— BREKR

1025 1R 12731 - &R A RS
S o DURE b S 8 B 0 Ry R B2 71 I
WEFL3ME - HLET106: -
— A%

215 Acid orange 24 (C120170) * Acid red 73
(CI 27290) ~ Solvent red 1 (CI 10) ~ Basic blue
26 (CI 44045) ~ Basic violet 14 (CI 42510) »
HC yellow No.6ZHC yellow No.12557fE %4
R B I AR B Ry USSP HE iy - HH
1% #%(ammonium formate)l# 5 Sigma Chemical,
USA » ZIEHRALCH - B B Merck/AF] -
JE[E(0.22 ym » PTEF)# E Titan °

= =8

TEEM >~ FEEL0.22 pm ° 25 mm * Nylon °
EE TitanA F]) ~ WHEETEE(ACQUITY
UPLC BEH C18 > 2.1 x 10 cm * 1.7 pm » E[#H
Waters/Z\ F]) e
- {REREL TR

TWAHRE T 2t & H RS E -~ 7 b
PRASEE - HEHHIRMEHE 10 pLEE S E
(sample loop)(UPLC, Waters, USA)FE &
E A (TQD, Waters, USA) » #5EE B
#ft 1% (electrospray ionization, ESI) » At {5 FH 5%
(b5 ME (sheath gas) & VA HIF#E (desolvation

gas) B By A R (nitrogen, ZHHR R - 51) ; filt
# % (collision chamber) Al AT {5 FH 22 Filli 1 5 B8
(collision gas)#E A (argon, EHHERE - 51) -
FEfi 7K A4 (Advantage A10 ,Milli-pore Corp,
Merck, USA) °

h -~ BERREREA RN

53 BN 7R 2 P 0 32 HE A AR E 50 mg >
FEHERRE - 7 71LAS0% ZIBTATRIE IR E A 2
50 mL » {ERIE#EFE (1000 pg/mL) - {KiE4°C

7N iR Bos

FEHERBIRSITE 2388 1.0 g fR20 mLA R
Wi SN2 BEAT 15 mLIGRE » REBS RS
305788 % - FEEAZE20 mL 0 BGEELL0.22 um
IREOEE% - R -
+ « SRR BB E R
(VAR AT
@& © ACQUITY UPLC BEH C18 °
2.1 x 100 mm * 1.7 umf&EHH : ATRSmM
RS2 7KVATR + B 2 NG - B ENER
wnFE—
JERTEREIRE  35°C
JiiE 0.3 mL/min
EAE 5l
() ERBHE R O TR B R R T (E
HIIE/ & BT
Eiffi % #5 BE (Capillary voltage) : 3.0 kV

R— ~ #EE IR (gradient) &4

Time (min) &"L“jr;?;e) A (%) B (%)

0.0— 3.0 0.3 90— 50 90— 50
3.0 40 0.3 5050 50— 50
40— 5.0 0.3 5010 50— 90
50— 7.0 0.3 10— 10 90— 90
70— 75 0.3 1090 90— 10
7.5 10.0 0.3 9090 10— 10
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#E T JFIR FE (Ton source temperature) :
150°C

VAR B EE (Desolvation temperature) :
350°C

{ENER 268 & {H 1 (multiple reaction
monitoring, MRM)

J\ ~ 12248 (Standard curve)Z 841

H 7R 25 P e SR B AR AR i R 550,001 -
0.250 pg/mL * FETTLC/MS/MSHIHT » LA 4%
TEENREERE - R E et -

U~ BRI
(—)IF] H [# (intraday):

Ao B3 R B Y BR YE B W - IRIA—H

WEE T3 - Gt EMHEEERE

(RSD%) » n=3 ©

()£2 H [ (interday):

FoBd3 R A YRR E AR - IRAEI3H 2

- B—IREEEINN3 X TR

TEHEJR 72 (RSD%) * n=9 °

+ ~ A INEI S

Iz f81.0 g » 3 BII0 A Acid orange
24 (CI120170) ~ Acid red 73 (CI 27290) * Solvent
red 1 (CI 12150) * Basic blue 26 (CI 44045) »
Basic violet 14 (CI 42510) » HC yellow No.6
FHC yellow No. 12 H#EETR - FREERIRE
0.001-0.1 pg/mLEESH3X » KERE - 5
HHE[E R (Recovery) ©
+—  BEAMAEL

S H 4% N A201142% K2 Chambers, S% A
220074 AT FR 2 Fik - 4Rl I E
JERTAL TR Z= DU T Y T i i
(—)EUE 5L 2 B s (standard calibration curve,
SCC) : MR IE & BE el SR 5 £50.001-
0.1 pg/mLZIFHEER » ()22 HEBEZIUER
I K & f5 (matrix matched calibration curve,
MCC) : HUZ2 FIVR IS FEZE BUR N INAE FH B3R R

op
5

THE 1 (o LA A R R50.001-0.1 pg/mL
+=  ERAERZ M
RS ERCZERE - 1 AEEFEE
ER BT - B InEETT3EEH
st FT 15 U I o R A R R HL AR IR B (S/N
ratio) » DUTE P BT 3HIE FERHA 3 HLUE 213
I EE R IR 10,2 A AR Ry b B 7 1 2 i R
(limit of quantification, LOQ) °

WEREET
— + LC/MS/MS &i#En gt

AWFFE# FHACQUITY UPLC BEH C18(1.
D. 2.1 mm x 10 cm, 1.7 um)&EH: - FTFEE
BifHA TS mMHEBREZ /KA - B EIHB R
Acetonitrile » HETTHRE R (gradient) » BN
F— > FiE 0.3 mL/min > AJHA 10538 N5 R
S3HT o [ s Acid orange 24 (CI 20170) » Acid
red 73 (CI 27290) ~ Solvent red 1 (CI 12150) »
Basic blue 26 (CI 44045) ~ Basic violet 14 (CI
42510) » HC yellow No.6 ;ZHC yellow No.12 7
TR S » JEF0.2 ppm » FIF F/&BE T8
L2 R - AR 2 AR B T R AT -
TR 38 E 2 BT PP B RE R
PR 55 TR R 2 TBE T MU MRMUE 1B
T+ DAEHSR s A Bl 0R & ST o HifS
RAFHAMFE P B Z A i SR B E R ]
DN 53 B A L 7RE 53 BT 90
— - BEmEEG

THEEMGRTEERE FRmEAT - 1
5% Acid orange 24 (CI 20170) * Acid red 73
(CI 27290) K Solvent red 1 (CI 12150).2 L&+
{43+ (deprotonated molecule * [M-H) * 43
A 5448 ~ 5575278 m/z ; T 4F IE B T IR
LN > AJ15%Basic blue 26 (CI 44045) » Basic
violet 14 (CI 42510) » HC yellow No.6 & HC

yellow No.12: 2B 43 F(protonated molecule
[M+H']) » 4355506 ~ 338 ~ 28052267 m/z °
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RSV ST

Acid orange 24
100 ppb F&MRBM of 2 channels ES-
4725113 171.041
Acid arange 24 7 3184003
1
387
72223
mirk
100 ppb FE-MRAM af 2 chanmals ES-
425113 > 155957
100 Acid orange 24 S.262e+002
mir
2.00 4.00 6.0 B.00
Solvent red 1
100 ppb F1:MRM of 2 channels E S+
278,946 » 122,962
3.4B8Be+006
e L L]
100 ppb F1MHEM of 2 channeis ESq
2TEB46 = 108,005
. Sahvent red 1_ 1.240e+006
653
A9062.33
B34
i
200 4.00 8,00 &,00
Basic blue 26
100 ppb F2MAM of 2 channels, ES+
AT0.2E7 = 340,143
100 Basic blug 26 3 4ET e D05
617
2607248
Yo 2E1ed
Ol i re e et e e ey e
100 ppb F2:MRM of 2 channels,E5+
470.287 = 333,935
Basic blup 26 2.517a+008
100 817
18035.80
% 1 BGed
Ot Rl LAte Lited tlats o Lpi b a s as il L
200 400 600 BOO
Basic violet 14
100 ppb F5:MPM of 2 channets,ES+
302,032 » 208.903%
100- Basic viclel 14 2.915e-005
3,34
23650 85
o 2.2Ted
O—rm T T rerpTrTTETETTTeTE min
100 ppb F&:MAM of 2 channels ES+
302,032 » 194,946
100 Basic violel 14 2 2680005

Acid red 73
100 ppb F7MRM of 2 channels ES-
511.032 = 301.955
1 Agcid red 73 1,745e+004

3.08

1246.08

Bo| 1.25e3
min
100 ppb F7-MRM of 2 channels ES-
511.032 = 221.987
10 i red 73 1.7320+003
™ min

i Bl b Ll Rl Lk
200 400 GO0 80D

HC yellow 12
100 ppb F3aMRM ol 2 channels E5+
216.998 » 140.979
1 HE yellow 12 _ 1.49Te+004
416
106683
1.07e3
b"""l""'"r"""l'"""r"""l‘""" min
100 ppb F3'MAM of 2 channals ES+
216,998 » 113,92
1 HC yellow 12 _ 294504003
415
214.07
2.14a2
min
2.0 400 B0 o0
HC yellow &
100 ppo F4:MAM of 2 channals, ES+
281,096 > 210.002
100 HG yellow 5 4,091e+003
397
287.69
e 2.88a2
O=“rrrrrrTrrrT T T min
100 ppo Fd:MAM of 2 channals,ES5+
281,096 = 160,985
100 HC yallow & 395404003

min

200 400 600 3.00

B - 7iEERaRENNZ 2 ERBEAERE
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HIF ARG AT S B B AR o AT LRl TR 2 S (3R

ABIFE 5 i 0 R B A s DL = B U AR
(MRM)FETT AT » Sl 28 — (IO RAT(Q1 )R

—HPEBET - AR B UMRAR(Q2) A SR
TThifE - E4TRBEFR o FHE =R
FR(QA)EEFFEREET (- R LIESE
LR H2E - S RE(C2EENR R
N e MBI b &) 2 2R S (S 21—
ARG RA » TEF G R SRR R 2 A A
BT CBE T E =BT (quantitative ion) » K58
s TE VEBE T (confirming ion) K A (ERIHERE & -

_—N\

A4S (Standard curve)fE R

THEE A ORI RE S TTELIRELE0.001-
0.25 mg/mL A& L IFHERAR A= - FIERR
B(R*)EFFE0.9989 L (£ =) -

» BREEZEHE

PALC/MS/MSHETTE & » Bl o3 M) JL[a] irf
PR 2 58 T Y)(co-eluting matrix compound)
GBS NYINERE B LB - "6
¥ B T B SR AR - R R B W€ (matrix

R - ZENFEESAI (Multiple Reaction Monitoring * MRM ) &4

NI %/E%ij E EE' NN
by TR ———— . ERSEERE e
HISBEE T (m/z) > EVIBET (m/z) V) (eV)
448 > 171° 38
Acid Orange 24 ESI' 70
448 > 156 30
511 > 302* 22
Acid Red 73 EST 40
511 > 222 50
279 > 123° 16
Solvent Red 1 ESI' 26
279 > 108 32
N 470 > 349° 40
Basic Blue 26 ESI 12
470 > 333 40
o N 302 > 195° 36
Basic Violet 14 ESI 66
302 > 209 34
. 281 > 219° 22
HC Yellow No.6 ESI 32
281 > 161 30
. 217 > 141° 14
HC Yellow No.12 ESI 26
217 > 114 28
a. EEHET
xR= - TRRERAORSEHRAN
_ 2 Liner Range
Compound y=ax+b R (mg/mL)
Acid Orange 24 y=5.7757x - 10.229 0.9998 0.01-0.2
Acid Red 73 y=12.502x - 28.565 0.9997 0.01-0.2
Solvent Red 1 y =2410.8x + 1096.3 0.9999 0.001 - 0.02
Basic Blue 26 y=233.15x +26.947 0.9990 0.001 - 0.02
Basic Violet 14 y =224.82x + 3.9646 0.9989 0.001 - 0.02
HC Yellow No.6 y=3.1923x +9.2656 0.9991 0.02 - 0.25
HC Yellow No.12 y=9.2074x - 52.513 0.9997 0.01 -0.2
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= ~ BEXE 25

xR~ TREREAGRZAIMNEL

matrix effect

Compound
Slope® Area’
Acid Orange 24 -8.58 -6.49
Acid Red 73 5.64 -4.67
Solvent Red 1 -16.52 -9.68
Basic Blue 26 -3.13 -5.66
Basic Violet 14 -9.37 -1.00
HC Yellow No.6 -4.47 2.12
HC Yellow No.12 10.83 3.61
a.n=3
effect) » Sy aPfli FERUE - 70 Bl S ERELEH

#%(standard curve) 3B VL i i & #5 (matrix
matched calibrationcurves) » ilfi FL#Z HRER® -
A ERTHG RS R T12-16.52-10.83%(F= 1Y) -
%’f’f%f(%)— BB 100
ﬁﬁﬁ%ﬁﬁz%ﬁ‘@i TR AR -
VAR s AR R AR RER o
|—JEzﬁr%*%ﬁ?lﬁﬁ‘:ﬁﬁfﬁfﬁﬁﬁﬁﬁw)’
RaEECRECRGEE R - StEHEA
MG - BB RUERHEAS R/ 112-9.68-3.61% ©

%Eﬁ@mmhgfwlm

D HE RS iR
DB R BT

N //J\\jJD IEI l‘lﬁ_\_t%ﬁl\

T8 2 22 At g FLIR o3 Bl N 7 i 25
%@ﬁ%ﬁFEW’@ﬁEW%%ﬁWOML
0.05 mg/g * AR ZIRMEMCRIIE AR - H
B (recovery) /T2 80.6-117.2% 2 fif] » #4E
FRBU(CV) TR 1.0-9.7%:2 8] » BERFTBaEE 2 4y
Wk EA RAFZ B -

7N EEMIRZ FHE

Ahghg HiE 2 EEBIE 5 B B Solvent
Red 1  Basic Blue 26 Basic Violet 14555
0.02 ppm ; Acid Orange 24 ~ Acid Red 73 &xHC

Spiked  Recovery
Componds conc. (%) CV (%)
(mg/g) Mean®
0.01 105.9 4.74
Acid Orange 24 0.02 111.3 2.51
0.05 104.1 7.97
0.01 100.0 4.59
Acid Red 73 0.02 106.1 1.12
0.05 107.3 2.65
0.001 117.2 1.73
Solvent Red 1 0.05 85.1 1.87
0.01 80.6 1.02
0.001 98.4 1.28
Basic Blue 26 0.05 104.9 2.69
0.01 101.6 1.28
0.001 84.6 2.86
Basic Violet 14 0.05 97.1 1.89
0.01 88.3 333
0.02 113.5 7.69
HC Yellow No.6 0.05 104.7 5.69
0.1 101.6 1.46
0.01 111.9 2.53
HC Yellow No.12 0.02 107.7 2.99
0.05 104.8 9.70
a.n=3
A TRREBGRZEEMRIEER
Compound LOQ (mg/mL)
Acid Orange 24 0.2
Acid Red 73 0.2
Solvent Red 1 0.02
Basic Blue 26 0.02
Basic Violet 14 0.02
HC Yellow No.6 0.4
HC Yellow No.12 0.2

Yellow No.12%8£50.2 ppm ; HC Yellow No.6 £
0.4 ppm(FX) °
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HIF ARG AT S B B AR o AT LRl TR 2 S (3R

T mERERERSRDT

AIFFERFHLC/MS/MS A T & 8248

T ORI HEEE 3 R 106 - EARIR R A S

ETEEME RS - HaoW R RieHA
REFMTC THREZEFH GRS -

&

AW A ST DOOAH g BT 28 B B 5 8 (LC -
MS/MS) ] [F] [ 73 B {L A i H Acid orange 24
(CI 20170) ~ Acid red 73 (CI 27290) ~ Solvent
red 1 (CI 12150) » Basic blue 26 (CI 44045) »
Basic violet 14 (CI 42510) » HC yellow No.6 ¢
HC yellow No.12 SF7fEEE RS AR
¥E"*§&{{ﬁz$ﬁl§$ﬁﬁ SR EE B A E

Tt R AL B - S 8 R R B R A5
f ﬁ%ﬁ%ﬁﬁj\ | DARRPERER R R ELE S TS
FOELTEE - AR BRI AR M R R E G B
BERESTA-16.52-10.83% + FII IS FLAE S 477
IR EES T 2-9.68-3.61% » FIIFARIERIERGE
I EE BRI BUEIR A - M B Ah  f
PR B RUE - AW 5EE 8 R E R R 2
B ATHEREE R - BT EZ AR RER - [EL
R FEEMESE - @R A ERR G T T
{E -

ZER

1. 2 - 2002 - et b g - BEE Rk
it o AR

2. European Commission. 2002. The Safety
Review of the Use of Certain Azo-Dyes in
Cosmetic Products. SCCNFP/0495/01, final :

1-39.

CATBE RS - 2010 o (LHES A 4B H R

BIEFHR LR AR - 97.12. 24 H B 8555
09703306857/ 15 1% o

. TER AR E 2 2009 o {LbE S AR F (R

AR - 96.2. 27T B EETE 0960302196
[E/\ﬁ:ihzju °

. Commission of the European Communities.

2002. Implementing Council Directive 96/23/
EC Concerning the Performance of Analytical
Methods and the Interpretation of Results
(2002/657/EC). Official Journal of the Euro-
pean Union. L221: 8-36.

g ANRAMBEIEERTERREEE

HEES - 2011 ~ ki@ A2 M E
3K o R E T - GB 7916-1987 ©

. Huang, M., Russo, R., Fookes, B. G., and

Sigman, M. E. 2005. Analysis of Fiber Dyes
By Liquid Chromatography Mass Spectrom-
etry (LC-MS) with Electrospray Ionization:
Discriminating Between Dyes with Indistin-
guishable UV-Visible Absorption Spectra. J.
Forensic Sci. 50: 1-8.

L BES - HRE S HJILT > BEE il

BREE 2 2011 o =S30IRHE AT 82 B E Bk o
Mr & dn R 2 BRI o R Y Se a4
2:97-106 °

. Chambers, S., Ziling Lu, D. M., and Mazzeo,

J. R. 2007. Systematic and comprehensive
strategy for reducing matrix effects in LC/MS/
MS analyses. J. Chromatogr. B. 852: 22-34.
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Determination of Banned Dyes in Cosmetics by
Liquid Chromatography-Tandem Mass Spectrometry

SHIN-HAO CHEN, SHOU-CHIEH HUANG, YU-PEN CHEN,
LIH-CHING CHIUEH AND DANIEL YANG-CHIH SHIH

Division of Research and Analysis, FDA

ABSTRACT

In this study, we used liquid chromatography-tandem mass spectrometry (LC/MS/MS) to setup a
specific and rapid method for banned dyes determination and quantification in cosmetics. The banned
dyes are acid orange 24 (CI 20170) ~ acid red 73 (CI 27290) ~ Solvent red 1 (CI 12150) ~ basic blue 26 (CI
44045) ~ basic violet 14 (CI 42510) ~ HC yellow No.6 ~ HC yellow No.12. The samples were dissolved
in 50% Acetonitrile and were analyzed. We used a Waters ACQUITY UPLC BEH C18 (I.D. 2.1mm x
10 cm, 1.7 um) column with 5SmM ammonium formate solution and acetonitrile as eluent under gradient
program. The concentration range of the 7 standards was 0.001-0.250 pg/mL with an 1* value greater than
0.9989. The average recoveries of spiked samples were 80.6-117.2%, andthe relative standard deviations
of average recoveries were less than 9.7%. The cosmetic products bought from market were analyzed

using this method and no banned dyes were detected.

Key words: LC/MS/MS, banned dyes, cosmetics



