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K B i +8 2 A SR

A
o

RSE TR

BRiZ% %T% MEL BAEZL HRAEF

RS E BT

W R

IRHE AR A ) 2 300 48 B I S5 R (LC/MS/MS)ZE = — ] B - Beikod 7 ik AE Bl B
OEHT S 244 PR R B AE 2R R Fe B R o MREOAS0% T BRI R SRR R A% 0 ¥A0.22 um
JEME G 0 42 Waters AQUITY UPLC HSS T3/ #7 % 4£(2.1 x 100 mm, 1.8 pm) ; % JH 10
mM F B 4% AR 7K R (VA R KT pHAL 2.9) & P BE/ TRk (1:1, v/v) & F5 Sy AR VERR LIP3 5
ik £0.3 mL/min ; F| HOE & #E T E R 4R (BSI) © #8 % RUE A1 E K (Multiple
Reaction Monitoring, MRM){& ] © 258 j& 5 2 A% 48 42 42 14 56, [7] 40.05 - 25 pg/mL
WA HRTE £0.9974 F - BB N AR B KX A AR AR £330 0.44% 0 R
BB AR 0 ECFENGAE1.2 - 120.3% » ABFAZ AR £ 35918 6.9% o Ry iHAF IR A
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Bl pk 53

R 2 5 o

RASEE - (bkid - REEH - SRREEBTRBERLE

Bl &
FEE TR M > RECAHEHMEE

5 EmmY SRR E - BE BRI
JFHS RS2 R - LM R T #EES 0 AC
Nielseny /22004 2= BR i 35 i & B » 445219 A
[13#80% » Tl E RSN AT175% » HH &%
T A B IE Y o QB2 n] 7> BRI ~ 2ok
JNEFOoK AN =T o B e B2 R B
TRk R R SR BEURH o L F R BEEE R - =
BRI PR AER SR T E A
P 14 kel B R FR S ((benzyl alcohol) » YLS27|
FEBEEAEEER - e E
L ARG HEBEEE K AERERIN
e LM REA - BA FH 5 E M (aromatic
diamines) + f%FEH7} (aminophenols ) Fl12% FE L7
(polyhydroxybenzenes)FiT#H % » 2 AL 224 —

Bl 53R SR/ REZ Ry 5
TR R E RS 38 LSRR ] 43 R
A GE - EREKY] BB 2 & ATE
SWNEE R - EEnE SR LE
A B B R 5 BT R KB4k +
(15 482 ] DUSHEBESE B TE N - IR G
B2 vh T RS RE & RO R & & LL T 22
B AlEAZE ORI EEY) - EIEEL
EARFRMEED - RIEKhumalo A2 &35
M (meta-analysis) B et — i B AR e EE2HEEH A
B2 G [EIRE B R R R AR
FERBRFIEO.1 - 2.3%0 KRB YE2Hm TRy
p-phenylenediamine 5 3K FES » [RIIL T il
SERIC M E B - B RGeS R A AL E
b IREIRFESZEIV B S LA E B - B
ZI0SFEmEYEHZCIMEERES) N
EZ B LB eI E R B2 R
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11SFEY - BBk RIEHEE IR
PREA S IE 2t B 5 i S B2 B BT 1 b
K& TSR A B -

H L b SE2 Bl B LA = SO AH g A
R (HPLC)F& i — fi e e 47 g HH 2% (PDA) Ry i i
B ik - HEER A LE). i e R
UVERE LR 2 - RS E M RES
EEARTEAEARINS - 10M RS2/ sy - HHALER
Tl - RS MR REY) - MEERE
RIWEE o UVIEREAIBINEE - EMLEER
B HEH LT (co-elute) Z FRE - 1505
R IR AL TR S - AR AT I E R
MELT T - AME R A L Vi i R U i
BIRIRS - TR R 731 Fr B R AH BT e 15
J& L (ion ratio) F&ENIERE M B 2R - Al
ek G B2 T o B B SR A H S e T B 2 AR
FIST o TRl B ISR B N SN B SE T 2
fBREEN - WEFERE S RO AT SR B AR (LC/
MS/MS).Z 2 E RS2 Rl Br U7k - MR I N
QSRR - BB st RS
Bl fify - HRBE B O A S2 R > 72103
A58 B 1225 TE BE P SR A R B Bl 4 )
1045 HERE ST 35 &5 BEALRE A BE B rh DI AL B2 Al
g3 2 2 S TR IR S S2 I B AT 7 R AU B
% DUIER . — et ~ 0E R PRE 2t 5
% AERRPITT AR S A SR A B T
e — 0 DAEERR AL 2 - IR RS R
oz -

MEER TR
— M#

p-Amino-o-cresol » 2-Amino-
6-chloro-4-nitrophenol » Picramic
acid » 2-Amino-5-nitrophenol »
5-(2-Hydroxyethylamino)-2-methylphenol *
Hydroxyethyl-p-phenylenediamine sulfate 5

4,4-Diaminodiphenolamine sulfate s ¥f 1 FH
e L7 H Tokyo Chemical Industry Co.,
TCI, Japan ° 5-Amino-6-chloro-o-cresol »
4-Hydroxypropylamino-3-nitrophenol »
3-Nitro-p- hydroxyethylaminophenol * N,N-
Bis(2-hydroxyethyl)-p-phenylenediamine
Sulfate » 2-Amino-4-hydroxyethylaminoanisole
S Hydroxyethyl-2-nitro-p- toluidine < ¥f & F
e T ES B B AK Scientific, USA ° Toluene
3,4-diamine * 2,7-Naphthalenediol * 2-Amino-
4-nitrophenol }.2,4-Diaminodiphenylamine 5§
B 18 FH A HE 5L B B H ChemService, USA °
1-Hydroxyethyl-4,5-diamino pyrazole sulfate
S N,N-Dimethyl-p-phenylenediamine Sulfate
EHBAHEELEEHSigma-Aldrich,
USA - 2,6-Dihydroxy-3,4-dimethyl pyridine
B R 5 B Matrix Scientific,
USA ° 1,4-Diaminoanthraquinone &
Hydroxyethyl- 3,4-methylenedioxyaniline HCI
I A R AR G 55 1 B Alfa Aesar, Britain °
2,6-Dihydroxyethylaminotoluene ¥ i F A1 % i,
H# H Brookview Scientific, LLC, Japan ° Gallic
acid¥THE FH 2 ¥E 5 H¥ H Tauto Biotech, China °
PR $4 K 27K [ B Sigma-Aldrich, USA » FE
Fe ZHERALCH - B B fEBIMerck /A ] - R
(0.22 um * PTEF)i#% H Titan °

N B

TR R & A R R B FE R (Acquity UPLC R
TQD MS » 3£ Waters/\ H]Milford, MA, USA)
FEfh o BRI A Ry Target Lynx 2 H(FE 73
HURE o JENCEE B % (electrospray ionization,
ESI) * A FI 75 (LR 8 (sheath gas) f VAT R
## (desolvation gas)& & A (nitrogen, E AR,
i8> 5 5 fillfE=E (collision chamber) Al fif FH
iR #B (collision gas) A © EITEE
Waters ACQUITY UPLC HSS T3/EH1&+(1.D.
2.1 x 100 mm, 1.8 pm) ° Fi7/KELEHE(MIlli-Q
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Waters. Purification System, Milli-pore Corp,
USA) -

= BERREEAR R

53 B2 STE G S2 I B 47 38 R P AR HE At 10
mg  FEHETEE » 53 BILAS0% FH S AR I E 25
210 mL » {ERIEMEFIK(1000 ng/mL) » 4°C 4
‘y’gﬁ °

» iRz Bose

R 2 A e 51.0 g » MEHERE T - 5%
PAS0%FEE 15 mLAfR » A8 & R %3057 6
% FERZE20 mL > FUEELL0.22 pmiEiEE
R - BEHRTE -

F RIEETERRE
(R AE I A
JEHTEFRE @ Acquity UPLC HSS T3 » 2.1 x
100 mm ° 1.8 pm
BEIFE @ ATROR10 mM B E2 /KB TR (AR
K pHIE ) : BIEHEE/ZME1:1,
v/v) » BBENTERRE AR —
JENTEREIRE © 35°C
Jik : 0.3 mL/min
TEARE $3.0uL
) ER R E R R E (B TR IR B R T
b EHIE/EBET)EE)
EMEERE : 2.85kV
HEF RIS © 150°C
A HEBURE © 500°C
BRI © 2 E R EE R

7N~ fZ#EhES (Standard curve) Z S

HY2 5T YL S2FR A HE YR » (o 8 P i [
53 H1550.05 - 0.5 ug/mL > 0.5 - 5 pg/mL K22 - 25
pg/mL » AR EE R ETT AT DA I EIAE
HIREERE - BEELEdhR -

Al o {4

+ ~ BRI

(-)IF] H fil(intraday)
Fo S5 1R B IR HE VAW - AR —H
PN HEAE 53 B3R - G AH B AR HE R =
(RSD%) * n=3 «

(2)% H i (interday)
o BdSTE IR RIS HE VA TR - IRRI3H 7>
B B—IREEENS 3 X SHEAESE
fRUE(R ZE(RSD%) * n=9 °

J\~ AR et

22 HmiErI1.0 g 73BN A2sTEEfb A
SER IRHETA T - FREER IR /%50.05 - 10 pg/
mL > AEER IR - KHIRE - FHEHELL

#%(Recovery) °

N~ EEMERZFHE

PUIE LR Z2AMEs - 1 ACE EEHER
WA T B—NINEETIEEREE - 5Bt
FIT {57 16 2 ZR R S BLEREE EE(S/N ratio)
PRAR R ER

B82002/657/ECHI &I » DUE ML T 7R
FEA A3 B Bl T AR L KR 102 S AR
Fyfabs 12 E 2 MR (limit of quantification,
LOQ) -

fER BT

— » LC/MS/MS&iE A T4

AHFE# FFACQUITY UPLC HSS T3 (I.D.
2.1 x 100 mm, 1.8 um) & - HEERF 42
NG FALEY R o TR s R T 2
WM - BEIFEEEAI 2% Rongjie s Aif5E
© . BENFHAER A 10 mM B EESL /KA TR - AL
A EpHEMNFE - HSRBHEINEKFHEE
pH OFF - A fE25fEARUE S A IF AR E - 2
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F— » 15/E (gradient) PH{E

Time (min) A (%) B (%)
0—3 95—95 5—5
3—8 95—70 5—30
8— 10 70—5 30—95

10— 13 5—5 95—95
13— 13.5 5—95 95—5
13.5—> 15 95—95 5—5

m AT BN - BEHEBRE A - B
FHFRERIRS - 38 B 16 TP B 0 55 ol fe AT B2 ik {1 -
EH ZIE S FTHE = R R - BE S E LA
B - SHEUE L A HHE - B ZE 5%
EEEE/ LR, viv) o AR
FIIFHITEAT R » By T [FIRF o Ar25fmgess
IRy BEIFHA (10 mMH B 827K A 1R
pH OB EIFHB(RER/ ZIF » 1:1, v/v)ERERE
(gradient) 8 » BREFAIE— » JE 0.3 mL/
min * AR 153§ A58 1T © I IE/ &
TEBELENEEME - 25T GLE2R 5l 57 5%
E . BEEE T AT BRI RE Frep o PR B TR
B2 T BT HMORMRME M BET - DIERSE
H S o Y 1 B MO E B o S SR A
— o Hrf2-Amino-4-nitrophenol * 2-Amino-
5-nitrophenol & 4,4-Diaminodiphenylamine
2,4-Diaminodiphenylamine <2 H # R Y) 5k 5371
ALEE AR E B - A0E P

- BRERERHE
25T R EL RN s R EREFim T
T 15%]1-Hydroxyethyl-4,5- diamino pyrazole

sulfate » 2-Amino-3-hydroxypyridine *

.

Hydroxyethyl-p- phenylenediamine sulfate

2-Amino-4-hydroxyethylaminoanisole *

-

2,6-Dihydroxyethylaminotoluene
Hydroxyethyl-3,4- methylenedioxyaniline *
N,N-Dimethyl-p-phenylenediamine sulfate »

N,N-Bis(2-hydroxyethyl)-p-phenylenediamine
sulfate » 5-(2-Hydroxyethylamino)-2-
methylphenol * 4-Hydroxypropylamino-3-
nitrophenol * 1,4-Diaminoanthraquinone »
Hydroxyethyl-2-nitro-p-toluidine
2,6-Dihydroxy-3,4-dimethylpyridine »
p-Amino-o-cresol » Toluene 3,4-diamine *
3-Nitro-p- hydroxyethylaminophenol »
4,4-Diaminodiphenolamine sulfate * 5-Amino-6-
chloro-o-cresol 2 2,4-Diaminodiphenylamine
'EF1b.53 T (deprotonated molecule * [M-H]") *
3 Fs143 ~ 111~ 153 > 184 ~ 212~ 182>
138 ~ 242 ~ 168 ~ 214 > 240 ~ 197 ~ 140 ~ 124 »
123 ~ 200 ~ 201 ~ 15852200 m/z ; [ {E EBET
AT - AT{$FGallic acid » 2-Amino-4-
nitrophenol * 2-Amino-6-chloro-4- nitrophenol
Picramic acid * 2-Amino-5-nitropheno J
2,7-Naphthalenediol 58 F /3 - (protonated
molecule * [M-H]) * 535 /169 ~ 153 ~ 187 »
198 ~ 15352159 m/z » AHF5E 75 26 A & E
AR DL = B R AR (MRM)EST 8T » SERER
—{E IR Q1) E R e BT - I R
MR (Q2)E AR ETThl R - AEd Tl
PR - FRERSE =B VUMAR(Q3 )= E THE T
HETEH - RERDESE B LR E2 R
=) WHAME B E &Y EE R EE RS R —
A EE L R - M= R Rl PR A A A
BB T Ry & 2B T (quantitative ion) » X
58 5 TE PEBE T (confirming ion) DA K i (R AE
Bok=-

®Z -~ EMNEEREREAZBETE

Parameter Value
Capillary (kV) 2.85
Soure Temperatuure ("C) 150.00
Desolvation Temperatuure (°C) 500.00
Desolvation gas flow (L/Hr) 900.00
Collsion Gas Flow(mL/min) 0.16
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S Namec V41221570 H&Wm Sample Namer 14122800

P A e s T FHE ] s

- =] £l I
=) it E:

P st P e e e s
W ) I ‘

TR AR I am E F 8 e E TEOTEME KR 18 1 am aE 03 AR 16 18 M 43 M B ME NN 63 w4 RO O T
e WO AT o 1AIITSTIE Name: 1WIITSTOR

M WE BE BE HE NE ME A3 A4 I3 W8GR AR TH I3 18 e e

Fame: W4 T13TD Bample Hame: 112D
ey A e B A
[ - L)
(7 e |

A— [LTT— [—— [ —
¥ W Dot b 41 . RN
- = -y i o L ey
e = - - e e
e it
I
" o = o o "
\

W3 13 n %m w3 =R un nm ma T3 e 0 ik 4% 1% 18 18 1B 1B 0% 18 Bk R i i8I " u-nuqu-n.n-n- Te in h ik tm Am ia e im
Sl Hame: 41T ST el Mo WAIZZTSTD Samp Mame: WETZZT ST [ Sample Kam: SHELTSTB2

= e A TR P T e e RS E—— T ) 1A o v
- v

Tana wamn
- R - (1} o T (=1

i.
- L ] F1
if
%
E
i L ]
t

PR s T et i

Fro s n
A | oo 7 k=
Ll
[
-
EoaE a2 i [t) e e e AROAE MR e M M R e 1318 1 0 23 1w I M a3 1w s

B— - 25@%5{@JEEQFLC/MS/MS EREEAEEEEREMNR T
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9. MRM of 2 Channels ES-

2-Amino-4-nitrophenol TIC (2-amino--nirophenal)
B6.56
2-Amino-S-nitrophenol
OH
NH OH
2 NH;
02N
NO»
T T T T T T T T T T III
200 3.00 4.00 500 6.00 7.00

1. MRM of 3 Channels ES+
TIC (4 4-diamino diphenolamine)

4.4-Diaminodiphenylamine 3.0526

8.07
H
JORO!
HoN NH,
2,4-Diaminodiphenylamine
10.08
H
HoN NH,
&.00 ) 7.00 i 8.00 ) .00 ' 1000 ) 11.00

B + (a) 2-Amino-4-nitrophenol k22-Amino-5-nitrophenol ;
(b) 4,4-Diaminodiphenylamine 5&2,4-Diaminodiphenylamine [F453> B4 5276 5> 2 #E 8k F REAT B
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— AlET 2 MRS TE EE

N E— = EE Lbe= %

ﬁj *ﬁ#@ T%ft ﬁﬁ%@fiﬁﬁf(m/z) > EEJ’Ej:S He B *135&

FEVIBET (m/z) V) V) )
. v 143 > 99 12

1-Hydroxyethyl-4,5-diamino pyrazole sulfate ESI 143 > 126 28 10 0.0001

2-Ami hyd idi ESI” Lok 4 14 1
-Amino-3-hydroxypyridine S 111 > 66 0 16 0.000
Hydroxyethyl-p-phenylene . 153 > 135 20

diamine sulfate ESI 153 > 118 24 22 0.0001

2-Amino-4-hydroxyethyl . 184 > 123" 22

aminoanisole ESI 184 > 95 28 36 0.0001

2,6-Dihydroxyethyl . 212 > 135 24

aminotoluene ESI 212 > 107 36 38 0.0001

Hydroxyethyl-3,4-methylene n 182 > 137 16

dioxyaniline ESI 182 > 106 28 18 0:0001

N,N-Dimethyl-p-phenylene . 138 > 122° 20

diamine sulfate Est 138 > 107 300,y o000

N,N-Bis(2-hydroxyethyl)-p- . 242 > 146 2

phenylenediamine sulfate ESI 242 > 166 28 20 0.0001

5-(2-Hydroxy ethylamino)- + 168 > 122° 18

2-methylphenol ESI 168 > 77 32 20 0.0001

4-Hydroxypropylamino-3- + 214 > 123 12

nitrophenol EsI 214 > 148 26, 00001

. ‘ . 240 > 166 28

1,4-Diaminoanthraquinone ESI 240 > 105 50 30 0.0001

Hydroxyethyl-2-nitro-p- . 197 > 121° 14

toluidine ESI 197 > 94 24 g 00001

2,6-Dihydroxy-3,4-dimethyl . 140 > 67 20

pyridine ESI 140 > 94 40 14 0.0001

Gallic acid ESI' 169 > 125 32 12 0.001
allic aci 169 > 79 20 .

5 Amino4-nitroshenol - 153 > 123 3 4 oo
-Amino-4-nitropheno ESIT 153 > 107 16 001
Ami | EST* 124 > 109 A 16 |

p-Amino-o-creso S 124 > 77 3 2 0.00

2-Amin-6-chloro-4-nitro i 187 > 120° 20

phenol ESI 187 > 157 38 14 0.001
o i 198 > 181 12

Picramic acid ESI 198 > 138 34 16 0.001
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== - ZERMEEA (Multiple Reaction Monitoring * MRM ) &4 & & 2R E (&)

(b Bt HEERHE  hifE EE
3 Es— EEE REE i
SH) p | AETen> S MR ER
EVIBET(m/2) V) e@V) %)
Tol 4-diami ESI” 123 > 106 4 18 1
oluene 3, 4-diamine S 123 > 79 3 2 0.00
2-Ami itrophenol ST 153 > 122 38 14 0.001
-Amino-5-nitropheno ESI 153 > 106 18 .
3-Nitro-p-hydroxyethyl . 200 > 151° 10
aminophenol ESI 200 > 123 24 1o 0001
caminodinhenolamine sulf N 201 > 107 18
4,4-Diaminodiphenolamine sulfate ESI 201 > 80 32 34 0.001
Ami hl 1 ESI” 158 > 123 2 20 1
5-Amino-6-chloro-o-creso S 158 > 104 6 16 0.00
2,4-Diaminodiphenylami ESI” 200 > 183 28 12 0.001
,4-Diaminodiphenylamine 200 > 166 20 .

_ ) 159 > 130° 20
2,7-Naphthalenediol ESI 159 > 102 44 ” 0.004
« ERHET
=~ ARG R TE BHIRA120.0001 - 0.004% (1) -

25T YL EZ B B o IR A L R P S T AN ]
TR » 93 51%0.05 - 0.5 pg/mL ~ 0.5
-5 ug/mLK2 - 25 ng/mLZ G EEIE - g sl
ZAEHEdR R NS FIERE(RYEF1E0.9961 1A
b o SR EC S STE N AR A 2 A A TR 0 TR
[ HAN R EH BT - EAERmENY - [FHA
2 H R 2 AR (R 2 - 2B/ 1R0.12
- 10.42%520.16 - 10.44%2 [ » BE~HIASE
FEEA BRI 2 HEME - BgE(LZEYgE
RN NI STEYSZHIR S 1ZUEYR -

TR IR RS R0.05 - 10 pg/
mL » FrffZ i nmEfeR » HEERT1281.2 -
120.3%2 [t » FHEMERE (R 22 (RSD)IF/NR6.9%
(RH) - HEREH - Ao HEEERIFZ
B - HRESIITYIRER—2 » DUE MR
T-EE EL R HA 3 HoE S A L KA 10,2 B
(RIS Rl s 7 52 8 SR - 25THLEEH

AHFFEAFHLC/MS/MSENT AL L R 25fE
QUEZPIRL o 2 KB 71 - nT AR S &
J& 73BT (TLC) R HPLCZE 73 M1 /51 » B RUEE
SriTiERE - FIRE ] DU S e 2 MEME R R T  RE
P o A ETTHR IR S b B2 2 2% -

ZENR

1. PBREEFT - A ~ BEK - 2007 - FHYIE
FIEM T GELRZ e - MENFFEZET] -
29 (2): 89-96 -

European Commission Scientific Committee
on Consumer Safety. 2007. Opinion on
Toluene-2,5-diamine and Its Sulphate. [http://
ec.europa.eu/health/ph_risk/committees/04_
sccp/docs/scep_o_108.pdf].

Khumalo, N. P, Jessop, S. and Ehrlich, R.
2006. Prevalence of cutaneous adverse effects
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xR ~ 2558 527 2 R H A (intar-day) & 5 B (inter-day) E 8 14 T R 7375 7E EHIR(LOQ)FER

RSD (%) LOQ

Componds P P
Intraday Interday (%)

1-Hydroxyethyl-4,5-diamino pyrazole sulfate 0.15-2.04 0.77 - 10.44 0.0001
2-Amino-3-hydroxypyridine 0.51-5.38 0.31-9.63 0.0001
Hydroxyethyl-p-phenylenediamine sulfate 0.12-0.75 0.36-7.76 0.0001
2-Amino-4-hydroxyethylaminoanisole 0.12-2.01 0.55-6.38 0.0001
2,6-Dihydroxyethylaminotoluene 0.34-2.56 0.43-9.03 0.0001
Hydroxyethyl-3,4-methylenedioxyaniline 0.72-9.09 0.24-3.17 0.0001
N,N-Dimethyl-p-phenylenediamine sulfate 0.19-10.42 0.58 - 6.67 0.0001
N,N-Bis (2-hydroxyethyl)-p-phenylenediamine sulfate 1.54 - 4.56 1.08 - 8.61 0.0001
5-(2-Hydroxyethylamino)-2-methylphenol 1.02 - 4.69 0.95-9.55 0.0001
4-Hydroxypropylamino-3-nitrophenol 0.21-2.20 0.59-9.38 0.0001
1,4-Diaminoanthraquinone 0.53-2.90 0.34-5.65 0.0001
Hydroxyethyl-2-nitro-p-toluidine 0.19-4.79 0.20 - 5.89 0.0001
Gallic acid 0.15-2.31 0.20-3.23 0.0001
2,6-Dihydroxy-3,4-dimethylpyridine 0.23-1.66 0.22-6.45 0.001
2-Amino-4-nitrophenol 0.36-2.67 0.24-3.17 0.001
Pp-Amino-o-cresol 0.30-1.93 0.58 - 6.67 0.001
2-Amino-6-chloro-4-nitrophenol 0.21-3.81 0.16-3.53 0.001
Picramic acid 0.76 - 6.76 0.94 -6.26 0.001
Toluene 3, 4-diamine 0.22 - 1.06 0.39-5.52 0.001
2-Amino-5-nitrophenol 0.47-2.67 0.41-8.05 0.001
3-Nitro-p-hydroxyethylaminophenol 1.13-1.96 1.10-9.19 0.001
4,4-Diaminodiphenylamine sulfate 0.24 - 2.05 0.46-7.83 0.001
5-Amino-6-chloro-o-cresol 0.39-10.40 0.18-10.0 0.001
2,4-Diaminodiphenylamine 0.24 - 3.64 0.67 - 7.81 0.001
2,7-Naphthalenediol 0.77 - 4.41 0.63-5.90 0.004

*n=3

5.

of hairdressing: a systematic review. Archives
of Dermatology 142: 377-383.
BEMEEYEE - 2015 LR A4 E
RO EAR B R A e A o (LRES 2 A Bt Ek
FEIZE e (SR ERE) -
Huang, M., Russo, R., Fookes, B. G., and
Sigman, M. E. 2005. Analysis of Fiber
Dyes By Liquid Chromatography Mass

Spectrometry (LC-MS) with Electrospray
Ionization: Discriminating Between Dyes
with Indistinguishable UV-Visible Absorption
Spectra. J. Forensic Sci.50 (3): 1-8.

. 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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Componds Spﬂ((ftg/;)nc. Recli)/[\;e;}l/*(%) Rﬁ]:agf)
0.05 116.4 0.19
1-Hydroxyethyl-4,5-diamino pyrazole sulfate 0.1 103.8 0.3
0.25 98.8 0.13
0.05 109.4 2.65
2-Amino-3-hydroxypyridine 0.1 112.8 4.65
0.25 114.7 0.81
0.05 84.3 2.65
Hydroxyethyl-p-phenylenediamine sulfate 0.1 108.7 4.65
0.25 105.9 2.26
0.05 81.9 1.48
2-Amino-4-hydroxyethylaminoanisole 0.1 101.1 2.50
0.25 105.5 0.84
0.05 81.8 3.39
2,6-Dihydroxyethylaminotoluene 0.1 91.8 3.38
0.25 98.4 2.95
0.05 117.0 0.96
Hydroxyethyl-3,4-methylenedioxyaniline 0.1 99.2 0.27
0.25 100.1 0.40
0.05 82.9 1.66
N,N-Dimethyl-p-phenylenediamine sulfate 0.1 115.8 0.18
0.5 85.1 1.25
0.05 104.3 1.66
N,N-Bis(2-hydroxyethyl)-p-phenylenediamine sulfate 0.1 108.2 0.18
0.25 107.1 4.71
0.05 106.2 1.91
5-(2-Hydroxyethylamino)-2-methylphenol 0.1 83.0 2.79
0.2 105.4 1.85
0.05 81.8 4.49
4-Hydroxypropylamino-3-nitrophenol 0.1 90.2 4.43
0.2 96.9 0.61
0.05 96.8 1.40
1,4-Diaminoanthraquinone 0.1 102.2 2.38
0.25 91.7 231
0.05 97.5 3.13
Hydroxyethyl-2-nitro-p-toluidine 0.1 98.6 2.48
0.25 95.4 4.26
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Componds Spi?Sg/;)nc. Recli)/[\;earr}l/*(%) Rﬁ]:ag’f)
0.05 85.5 2.73
2,6-Dihydroxy-3,4-dimethylpyridine 0.1 101.1 1.06
0.2 116.4 1.18
0.5 95.3 0.42
Gallic acid 1.0 99.9 0.37
2.5 96.2 0.81
0.5 92.4 5.63
2-Amino-4-nitrophenol 1.0 97.9 0.39
2.5 119.9 0.55
0.5 85.0 0.44
p-Amino-o-cresol 1.0 100.0 1.77
2.0 98.4 0.87
0.5 95.4 2.39
2-Amino-6-chloro-4-nitrophenol 1.0 113.2 3.06
2.5 96.5 0.86
0.5 111.6 4.18
Picramic acid 1.0 102.0 6.91
2.0 93.6 0.10
0.5 116.5 0.2
Toluene 3, 4-diamine 2.0 89.2 1.88
2.5 90.1 2.08
0.5 103.1 1.45
2-Amino-5-nitrophenol 1.0 120.3 0.48
2.5 113.2 0.96
0.5 97.6 2.03
3-Nitro-p-hydroxyethylaminophenol 1.0 99.7 1.12
2.0 104.4 1.93
0.5 83.1 4.05
4,4-Diaminodiphenylamine sulfate 1.0 934 0.03
2.5 105.7 0.17
0.5 823 3.80
5-Amino-6-chloro-o-cresol 1.0 97.1 6.90
2.0 120.2 1.60
0.5 81.2 1.10
2,4-Diaminodiphenylamine 1.0 92.7 0.44
2.5 100.4 0.48
2.0 100.0 2.76
2,7-Naphthalenediol 5.0 93.8 2.00
10 99.1 0.23
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Determination of Oxidative Hair Dyes in Cosmetic by
Liquid Chromatography-Tandem Mass Spectrometry

SHIN-HAO CHEN, SHOU-CHIEH HUANG, YU-PEN CHEN,
HSIU-KUAN CHOU AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

A rapid and specific method for the determination and quantification of 25 hair dyes in cosmetics
by liquid chromatography-tanden mass spectrometry (LC/MS/MS) was established. 24 kinds banned
and 1 restricted dyestuffs in hair dyes was established. The samples were dissolved in 50% methanol for
analysis liquid chromatography was performed using an Acquity UPLC HSS T3 (2.1 x 100 mm, 1.8 pum)
column with 10 mM ammonium formate (adjusted topH 9 with ammonia) and methanol/acetonitrile (1:1,
v/v) solution as eluent under gradient program at flow rate of 0.3 mL/min. Electrospray ionization (ESI)
tandem mass spectrometry with multiple reaction monitoring (MRM) mode was use for detection. The
concentration range of the standards was 0.05 - 25 pg/mL, with excellent linearity at R*>>0.997 and intra-
day and inter-day relative standard deviations of less than 10.44%. The average of recoveries of spiked

samples were 81.2 - 120.3%, with relative standard deviations of less than 6.9%.

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





