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Rz TRiRE wT% YEH TR
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W B

ARHF AR F] R R A8 & AT B T H B4R (Liquid chromatograph/tandem mass
spectrometer, LC-MS/MS)i& = —f§ % -~ thB oy F ik R > L2 20T
1-naphthylamine %2242 25 il & % )R 4 o MY A F BR IR AR - 488 F kIR B 3 IR 2 7
2R IRB R4 © ALC-MS/MSHE 4T 24 © J& 47 4 4% 4% /) ACQUITY BEH Shield RP 18 -
A% EyA810 mM T BR 45 ¥ G SEAT AR L P $& 1 AR 8 R % A 7k (Electrospray ionization,
ESI) » #f % & K& 18] 8% X (Multiple reaction monitoring, MRM) * 7T 715 %4 50 &
AT o BRF TR R BB AR o A AR E SRR 0 R ARE 50,02 - 50
ppm > HEATIRAEIR  SEMZ AR 0 LT e 5885 - 110.8% ¢ 4 A%
P A0.6% o IKH 2 a3 58 A B AR RN FA9. 1% o AMER ik T &R A B
1% oe Z BA] 0 PAREARIY B 2 AL R A o

RIS | RANBAT R  BAREE - (LS

H¥EHE - ©1E% "% (benzenediamines) + Z 3t
K (aminophenols) * 7K [ (benzenediols)

FEZATR Y - RECTHEHEMESE 25 " FfE(naphthalenediol) &z — & E M 1E
LB L ESBI B AR B2t > ADE B (diaminopyridine)¥ - FEFRRN[EE N & R
FeHSSR B2 AL - LM R Ry AT ES - AC By =R AR S E O KEEY) » fiTH
Nielsen22004FE 2 ER 5 R A B~ - Y482 A B2 FANEIRVBA T - (R #EKhumaloSF A 2 HF
AUELRER0% » k@R EE AN R LR T5% » Fe— M R Je EEZZEH R YL B2 5 RS
HHSE RS FRED - (LR A PR E R R R BB - AR EEURAUHO.1-
A 53 BRI 1 ~ AR A B Rk AR =T 2.3%H R AR G2 -H B p-phenylenediamine
AU o IR MR R B2 2R (R T BOE G ik R R R iU EY - MiHeidiE A ZIFFeth#3R Y5z
BRI H I Z R BENERR AL EE B RS R RREY - R gss
FEFBERIEERR - PR AR T 2Rk IR P& A b - S BISRT A REE T <
5 B F (azo) B M S K 5 %45 B (benzyl R - Q8RR L BE AL L (Regulation (EC) No
alcohol)  YLB2H B MB BRI BEELG - A~ 1223/2009)FF SRIIT L HE 5 BR 1 5 F e 53 7%
TRk R B B T 2 B - A O R A 1) e% AT 0 G B2 i PR B R SR E AR
AR ANER BB B EALTE LB K% Tt B SRIT (LR S 5 1R 068 F e o3 3= Rt 3 i 2 2

|

Al
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MEEERA R HUREER Ry » BRI A B2 7
SIS E AR LHEE R - 1 TR E R LRE
A A4 R FHIR SR ) Y182 B2 Rk
HF104HT « BEETHREHERR - (RIE
HEZRIRE - SN E TR R
SERIPITT bl Rk T S B A Ak -

H T ERE B b B DA RO A R A7
(HPLC)F&HC Mg LA i 85 (PDA) Ryt i o8
Mz T HEERM A G2 i i R
UVIEGE i pl e - MREEE S R %S
FELTETERANS- 10T 2RI ) - HHALERRS
FEAEEL - BRI SR EAERE - AR
RNETE o SERRUVIEIREFIET IR EE - e
FELEERE - W E A AT H (co-elute) 2 R
iEpk b R A EE TS - DR &
BT (LC-MS/MS)SE (T 47 » 5 T
& Vit o e P 6 T 8 BRI SN IR el I
53 1 P BT 58 B El (fon ratio) HFEAE Ry
EME LA - AT R B BRACT - &
o SEY)E L E AR B N I R A B2 T e B
Al > WFTEBE S AR AT ER R R P B
2Rt E Tk - HESSRUETL8SIHE » [RA
LEERIR sy - AP REEF ML ft & 72
HHEM - ABFFEAIEC SRR TR - FriE st ¥
1-naphthylamine 522 ff 2% FH YL 82 I ) » AT
o B U HERE RS AR AT SRR A -

RIS
—  (LBHER M

b b & 25
2-nitrophenol » p-chloro-o-toluidine »
diphenylamine » 2,3-naphthalenediol »
2,4,5-trimethylaniline &z auramine O %% &
e B I H Sigma-Aldrich (St. Louis, MO,
USA) ; 1,2-diphenylhydrazine * 4,4'-methylene-
bis (2-chloroaniline) * 1-naphthylamine &
4,4-methylenedianiline %f I8 12 ¥ i, &

N = T Y [ .
YL EZ W AE L 4-amino-

% H AccuStandard, Inc. (New Haven, CT,
USA) ; 4,5-diamino-1-methylpyrazole »
4-hydroxyindole * 4,4'-methylenedi-o-toluidine *
2,4-dinitrotoluene * 5-nitroacenaphthene *
basic red 9 ~ direct balck 38 /& direct brown
95 %f I FH A2 Y4B [, 25 % 5 Toronto Research
Chemicals (Toronto, Canada) ; 6-methoxy-2,
3-pyridinediamine &2 N-(2-methoxyethyl)-p-
phenylenediamine ¥ I 152 4E 5 #5 I H BOC
Sciences (Shirley, NY, USA) ; 4,4'-bi-o-toluidine
f HE B AZZYE 1 i I Chem Service, Inc. (West
Chester, PA, USA) ; 6-nitro-2,5-pyridinediamine
$F A A A 42 5% H Angene Chemical, Inc.
(Churchill House, LE, EU) * Fi[¥% #% £ F i 28457
W o BEESigma-Aldrich 5 SN B EA
LC#} - % H Merck (Darmstadt, Germany) °
St A0 g T (syringe filter)BRFIPTFEME » EX
F513 mm » FLEEF50.22 pm ©

—RERERE
(FRAENE BT R =UE R R Waters ACQUITY
UPLC ~ Waters Xevo TQ-S micro Detector
S MassLynx Workstation Software
Quantitative Analysis 5 5 HTEL B8 (Waters,
Milford, MA, USA) °
(E)ffi /K B35 B (Milli-Q SP Advantage A10
System, Millipore Ltd., USA) °
EERR & #8(Vortex Mixer Genie 2 Scientific
Industries, USA) °
=&
(IR BB
HY1-naphthylamine 55 % B8 FH A YE L 254910
mg * FEHERETE - 73 DA B E AT E A2
10 mL - {ERAEHEIFR - W tiT 7 -
I AGE S S ATE IR & DA S
B BEHEEEA - IR 1000 pg/mL
Efgi .z 8
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BHmEsiE 5 - B g FEREREE - TNA
FHESVAT1S mL > DA F I IR 3097 8 -
FHULR R AR E A ZE20 mL » £ 58 FHE
I - BEERR -

(E)10 mM F R #2512 7R 4

FREL A 8 £40.63 g - DLZEBET- 7K VA il i 5k
1000 mL » fUEMREHEE - BUBTEEEL0
mM R #7175

(gt il et s 2 = E

K e S B R AR R AR 3 ul » 43 Bl
ARARREAT R ERE T - K T YR RETT
ST AR BE A E AR AT 15 R 16 2 T R
fF FT e 25 B I A A S e T o P (R —)
#nlz AR T YETE AR ke rh AL
FAGLE2H.2 & & (ppm)

T R 2 F B2 2 & & (ppm) =

B0 - EHl%E & (capillary voltage) 2.85
kV » BT JF (ion source)ifi & F150°C -
VAT BUR ¥ (desolvation temperature) £y
500°C » VABEIEER 5 (desolvation flow) Ry
800 L/hr ° il 5 i (collision gas) By,
iR HIER= -

(RIS e AR MR

[ o5 R ol B 28 P 22 5 S B A s I Bl
2 22 BRI TR AR IR R 550,02 - 50
ppm > {h I LR E R IR
FEHREHEC R E TR B st
K BHE - SRIGSEEEE3 K. P
WO R 8 FARBIU(CV %) » DAETA A SR A
SLo M TR e R PR

(B a2 AT

FIE - RE R R R B R AR HOE A

CxV Microsoft Excel 2010 #EEHETTEIE -
" 22T 7% FH 5 B2 T o 1 3 Bt R A 2 R B

C : FREEME AR RIS A A L2
IR (ug/mL)
V g R E A 2 B (mL)
M @ BB ihrinds 2 EHE(g)
(HLC-MS/MSHIE {54
W& - EiTEERBACQUITY

(r’)FHMassLynx Workstation Software
Quantitative Analysis ##E 3 Tk igE 4L -
(JTiEE BtifR 2 FHG

KT BEMERE PR IE

BEH Shield RP 18(1.7 um *» N{€2.1 mm ] (min) A (%) B (%)
X 10 cm) * FBEIFEERARS10 mM % 0—3 95— 80 5— 20
PRV TR LTS B A VS B s JHE 1T RS 36 80— 50 20— 50
HEE(ERD) 0 TiE 0.3 mL/min - BFEE 6— 10 50— 0 50 — 100
S E - LERBEET ik (electrospray 10— 12 0—0 100 — 100
ionization, EST)f& M 2 B [ JE {5 {5 = 12— 12.5 0— 95 100 — 5
(multiple reaction monitoring, MRM)/ETT 12.5 > 15 95 — 95 55

x—  ZERERABHEFRERTEE rR= - EREESEEG

FEESIE AR (%) EHFRE%) Parameter Value
> 50 +20 Capillary (kV) 2.85
> 20-50 +£25 Soure temperature ('C) 150
> 10-20 +30 Desolvation temperature (C) 500
=10 + 50 Desolvation gas flow (L/hr) 800
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BBk 2AREE ¢ IMAERE22ME

QLS EHE A TR » RPN 2 kB 5

HEA B RAIG E B R B A AR 2 LB

(signal-to-noise ratio, S/N ratio) KA 107 i

EIRE - (PR ITEZ EEMmIR -

(WEEE S (matrix effect) (i
EEREZHET - Rl O 7 Tk
=R
1. EE#ERR 47 (standard calibration curve,

SCC) : BUEHEF R L EEfm ke - fiH
AT 550,02 - 50 pg/mL -

2. FBE ULl i & 4% (matrix calibration
curve, MCC) @ H{Z# BB Bk 22 F i
& NIRRT - HEERRE R
0.01-100 pg/mL ©

3.3 EBEREHE AT

FERE(%)= (MCC.ZRPE-SCC.ZRER) /

SCCZFHFHx100% -

TR EE AR

— DR RELERET

A FEAE g B o (L 2 PRETER 4T
3T ACQUITY BEH Shield RP 18 (1.7 pm °
J{%2.1 mm x 10 cm) * ACQUITY UPLC HSS
T3 (1.8 pm * f€2.1 mm x 10 cm)J2CORTECS
UPLC CI18" (1.6 pm * N{%2.1 mm x 10 cm)
TG HTE AL ET I - A5 R 2 FL6-methoxy-
2,3-pyridinediamine IR R E AL 347 - FHERE
M s B oK 2 22 S W DLEZ R 43 Ry A
FERE - WS R WE—FrR © PLACQUITY BEH
Shield RP 18 HTE A HEST 53 BT IF I AL B 4F
FEBFZETERRF SR @E - NS
AL EVEE R - WiEHRE
TE R I EHAR o ST ZE A 73 7 DL FH &
nopE ~ FEE R ZAEHETT ELER 0 DL4,5-diamino-
1-methylpyrazol s B (fE —) - {5 I — FH E: A
RZEEEHENEVES » FEFERBFE

TEREIA7KAE K5 95% 5 25 5 1 R A B RUE -
FRE I B K R VA il s - Pt R BRI By -
TERGENAE 7T - R B 2 pHAE AT $2
HAFELRERE - FWLaYRERELEFR
TEAETTHE - Ry PR o#pHIE - M EIHARI R
10 mM FH R 82V TR B2 pl A RIpHE G E - 73
B EspH 3.5 ~ pH 6.5 K pH 9HETT /AT HIES » 45
R ZE T 6-methoxy-2,3-pyridinediamine FH % E Al
B sy ZpHIERCEER - #LLRZ R ARG
BENE B - A RANE =R - 821 E
pH 6.515 .2zl S B Ra M R aF - B eE 1
& o FEl AR RE - BEHEE 10 mMH
FRELS TR (pH 6.5) R LI » ETHREME - 7]
R1557 8856 B 22 VA EE F GLE2 R 3 3 T

— - REETEEEEESY

AHFFEEFILC-MS/MSHETT/ » FIFIE
REET1L - STEERERIEERRITE R
TiRE2EEE - EHREERD =R
PR EMRMAE 1T 734+ SR Es — (PO A
FRQIEE R EBE T - [R5 —EVIMIT(Q2)
WAERMETHER - EAEVRETRR > F
FH 28 = VU RRAR(Q3 ) B IR R E 2 EE VI T AT
B - IRE b EY 2 E R R EE 2] —(E
Rz R ISR S AR R 2 A AR
e Y EE VI BT Ry 7E BT (quantitative ion)
SRR 2 By B 1B (qualitative ion) » #1b&
Y1 MRMAEHI Z2 B0iA 2 - AR T7 DU 1L
i {6 (F i B 5 2 BT 047 - FIFIMRMAR
AR - ATRF22FE S B YL B2 e o3 ke - T AT
e FE AN E Py -

= REEEARZ AR

22FE LR R IR TR EVATR - S
{5 pl o AT T AN R BRI, - Rl A e
AR R - A E (R BTE0.995 DA L -

» BREEZETE
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100 236
1 m/z 140 > 125
(a) J
#‘
)
0 T T T T T S RARRS T T T T T T T T T T T T T (mln)
050 100 150 200 250 300 350 400 450 500 550 600
100 'I“
(b) ‘ m/z 140 > 125
|
*‘-
[
U o _I-!-'-‘-‘r’ll l\"-\. .
0% b0 150 2B 2% 3B sk abo 4% spo ko spp . (min)
100 8
(C) 289 m/Z 140 > 125
}.,zsu
29
220 [
| l228 303
#1 lﬂ/ \,m
ol
| | \\\
|
J L"'\.‘_u_ h“‘“——.,______}_'__
D L] 1 T 1 L] 1 T |-.r ] ] L 1 | L 1 T 1 1] 1 L _PT-“_l -\-_l_‘ _l-_"T_.- 1
P Y VAL VL LA VRS VAR VLM AR A P W CL )

[B— -+ 6-Methoxy-2,3-pyridinediaminei® & 543 Bl LU BT EEACQUITY BEH Shield RP 18 (a)
ACQUITY HSS T3 (b) &2CORTECS" C18" (c) 342 LC-MS/MS MRME:&

FHAPMERE BB 0 - Edh AT S BB IR
FHEATERSR - EAEREE - SR Tk
HEZ AR DIREihiR BRI
VCFtm B AR AL 5L B 08 - AN E %
JEREZZ(E5REHNTHO - 20%) » AIRHEEZ T
8 - (HE RSO AEEHIHI20 - 50%)ak5RZ13
SR > 50%). 2 FERE - QI ZEF 2

B e S G A e IR B IR 2 o REER RS R
HER 22T A8 F YL B2 T B8 2 B g s s AR
FEF/INR9.1% » INFEFHFN -

A~ B RK BRI
RHE 2 2 22 AR B TR EIGEE - o
BIARIN22FE 28 F SR S2 PR v iy > (E LR
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100- o
B 103 m/z 113 > 96
»]
(min)
O-W"] T T T TrrreT | AR | T YT T T T (mln)
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.
100- 0.92
(b) m/z 113 > 96
B
(min)
454
0- ““—“‘“’“—‘J (min)
0.50 1.00 1.50 200 250 300 3.50 4.00 4.50
100- 0.99.1.10
(c) m/z 113 > 96
e
(min)
0 T T T T T T T T T (mm)

050 100 150 200 250

35 400 450

B = ~ 4,5-Diamino-1-methylpyrazoletf# & 573 Bl LIZZEEUAEIDMSO (a) B2 (b) R ZBE(c) Az

LC-MS/MS MRM[&]:L

E/1520.02 - 50 ppmZ ] - HEFTHEAEIR HSE

TN FERWEAFTR » K5 GBI
o3 2 SR EIER AT A88.5 - 110.8% » B FL (A8

(coefficient of variation, CV)E/NiA10.6% » FH

BIE -

7N EEMIR FHE

AWIFERTENL BT - S E AR

o EENERESERRE  SHEGREE
BRIk o7~ B EmMm IR ST BF50.02 ~ 0.2 ~ 2K
20 ppm * FFAIFRSFIR ©
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1 (@) 32 m/z 140 > 125
(min)
1.00 1.50 2.00 250 3.00 3.50 4.00 450 5.00
1 (b) 2.4 m/z 140 > 125
e
0 T T T T | RREAS RALRS ] T T T T ol Rl | (mm)
1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.0
100+ 1.88
(©) m/z 140 > 125
(min)

1.00 1.50 200 250 3.00 3.50 4.00 4.50 5.00

B = ~ 6-Methoxy-2,3-pyridinediaminetZ £ /3 B FEENEARLPH 9 (a)pH 6.5 (b) KzpH 3.5(c)7>
#72LC-MS/MS MRM[EIZE

W M o AT EC e R > HIEER R E

PERAF - ATER LSRR RS R s

FIFHLC-MS/MS & 7 b ¥ & VIESRER 3 NI SV L Pobey S¥/NGTE)IN
I-naphthylamine S22 A FH RS2 B Mg s REEF IS - SRULML 7826 /= Rt B BE L
% AR EE R E SRR ERRR A ATe A ARSI ESEKE - BB RS T AL
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I 227 L FILEHIN S 2 MRMIE IS H

ERRE /LG B R S g ]

S HET( BT RSB TEAER

B0 AR T (/) > EEYIEET-(m/z) V) (eV)

4,4'-Methylenedianiline ESI’ 199 > 106" 36 22
199 > 77 52

4,4'-Bi-o-toluidine ESI’ 213 > 180° 30 30
213 > 152 52

6-Methoxy-2,3-pyridinediamine ESI” 140 > 125° 8 14
140 > 108 20

4,4'-Methylenedi-o-toluidine ESI” 227 > 120° 32 32
227 > 177 60

N-(2-Methoxyethyl)-p- ESI’ 167 > 108" 24 16
phenylenediamine 167 > 80 40
6-Nitro-2,5-pyridinediamine ESI’ 155 > 81° 16 18
155 > 108 12

Basic red 9 ESI’ 288 > 195° 26 28
288 > 151 54

Auramine ESI’ 268 > 147 20 22
268 > 122 26

1,2-Diphenylhydrazine ESI” 183 > 77° 12 16
183 > 51 38

4,4'-Methylene-bis ESI’ 267 > 231° 26 20
(2-chloroaniline) 267 > 195 32
1-Naphthylamine ESI’ 144 > 127° 24 22
144 > 77 34

4,5-Diamino-1-methylpyrazole ESI” 113 > 96° 25 14
113 > 55 18

Diphenylamine EST 170 > 93° 28 30
170 > 65 32

2,4,5-Trimethylaniline ESI 136 > 91° 20 22
136 > 121 14

4-Hydroxyindole ESI’ 134 > 77° 14 6
134 > 107 40

2,3-Naphthalenediol ESI' 159 > 131° 2 16
159 > 141 20

5-Nitroacenaphthene ESI” 200 > 153° 16 22
200 > 127 42

4-Amino-2-nitrophenol ESI” 155 > 109° 48 14
155> 92 26

p-Chloro-o-toluidine ESI' 142 > 107° 36 16
142 > 125 20

2,4-Dinitrotoluene EST 181 > 135° 12 6
181 > 116 18

Direct black 38 ESI' 368 > 164" 38 14
368 > 322 10

Direct brown 95 EST 357 > 92° 38 34
357 > 186 22

i

ERAET
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100 4,4-Methylenedianiline 'y m/ = 199> 106
T T T/ S A i
“,:] 4 4'-Bi-g-toluidine j.’\“ m/ =213 180
0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
050 100 150 200 250 300 350 400 450 500 £50 €00 650 700 75 800 850 200 250 1000 1050 11.00 11.50
109, n 6-Methoxy-2, 3-pyndinediamine m/ = 140> 125
¢ 050 1.00 150 200 25 300 350 400 450 500 550 600 650 700 750 800 850 900 .50 10.00 1050 1100 11.50
100 4.4'-Methylene ;}'{ m/=227>120
A+ Sl i o s M R A VY M R RS M Y e Y i M VR Y R e
-mg] ff‘"\ N-(2-Methoxyethyl)-p-phenylenediamine m/ = 167> 108
¢ 0.50 1.00 1.50 200 250 300 350 400 4.50 500 550 .00 650 T.00 T.50 8.00 850 2.00 2.50 10.00 1050 1100 1150
2 ¥ 6-Nitro-2.5-pyridinediamine m/ = 15581
L e e 0 o Y Y R R 1S M RS ST T R Rl
00 Basic red 9 ‘j"“ m/ =288 195
R et 1'50'2&0'2'50'abo'a'm'450'4'50'5&0'5'50'660'5'59\'750'rh'eh'ah'nfw 950 1000 1050 1100 1150
w"] Solvent vellow 34 ‘j“ m/ =268 > 147
¢ 050 1.00 1.50 200 250 300 350 400 450 500 550 600 8.50 ?;0 750 800 850 900 .50 10.00 1050 1100 11.50
100 1.2-Diphenylhydrazine e m/z 183> 77
e 08 100 160 200 250 300 350 400 460 8600 680 600 650 700 760 800 850 900 950 1000 1050 1100 1180
-mg] 4 4-Methylene-bis(2-chloroaniline) % m/ =267 > 231
¢ 0.50 1.00 1.50 200 250 3.00 3.50 4.00 4.50 500 550 600 650 T.00 T.50 8.00 IISSO £.00 2.50 10.00 1050 1100 11.50
100, 1-Naphthylamine " m/z 144> 127
° TTos0 0 100 0 150 0 200 250 400 0 350 400 450  S00 550 GO0 650 700 750 0 S00 850 900 950 1000 1050 1100 1150
10 °F’ 4,5-Diamino-1-methylpyrazole m/z 113> 96
B e Mt e s a7 et o A A Y A | TS A S T Ry by e
m‘oq Diphenylamine 6z m/ = 170 =93
o500 100 150 200 250 300 380 6'00'11’0'550'5:'30'660'6:'30'7'00'7'50'3'00'8".50:‘-950 950 1000 1050 1100 1150
100 nethylaniline 7.00 m/ = 136291
? 050 1.00 1.50 200 250 300 350 400 450 500 550 800 850 ?Dﬂ\_ 750 BOO BS50 200 950 10.00 10.50 11.00 H’.’K}‘
'ag] 4-Hydroxyindole "},{: m/ 134> 77
050 100 160 200 250 300 350 400 4560 600 5650 600 660 700 760 BOOD  BA0 900 9L 1000 1050 1100 1150
mg] 2,3-Naphthalenediol a5 m/z 159> 131
¢ 0.50 1.00 1.50 200 250 300 350 4.00 4.50 500 550 800 650 T.00 T.50 800 B850 2.00 250 10.00 10.50 11.00 11.50
mgi S-Nitroacenaphthene :(‘{: m/z 200> 153
! 650 100 150 200 @ 25 A0 350 400 450 500 550 600 650 700D  TA0 MO0  B50 900 9850 1000 1050 1100 1150
100 4-Amno-2-mtrophenol a8 m/z 135> 109
° T e 1k 3k T 3h 3k T3k -a_bn-'-;_}:nTHE'_sko'sbo's'm'f‘m'r%n'aba'a}.n'nbu 950 1000 1050 1100 1150
m:} p-Chloro-e-tolhndine ’K‘_ m/ = 142107
TS0 100 150 200 | 25 | 300 350 400 | 45 500 550 600 65 700 750  B00 850 900 050 1000 1050 1100 1150
'Og] 2 A-Dimitrotoluene :n’\’ m/z 181> 135
0.50 1.00 1.50 200 280 300 380 400 450 500 580 .00 850 oo Ifb; 800 B850 900 950 10.00 10.50 100 11.50
‘Dloq Direct black 38 “iaf\"' m/z 368> 164
050 1.00 1.50 200 250 300 380 400 450 500 550 €00 S.’ilﬂ. T00 750 BO0O B50 200 950 1000 10.50 11.00 11.50
mg:l Direct brown 93 s m/=357=>92
Y A e I A M oA e o M o+t e vt M e+ M g o VP e O 9
Time (min)

0+ LILC-MS/MS 3 T2 2 R e 827

ZHELZMRM
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KA 22FFBRAREBIN DRI EE R EE NG

SR R
(pg/mL)
4,4-Methylenedianiline 0.001-0.2
4,4'-Bi-o-toluidine 0.001-0.2
6-Methoxy-2,3-pyridinediamine 0.001-0.2
4,4'-Methylenedi-o-toluidine 0.001-0.2
N-(2-Methoxyethyl)-p-henylenediamine  0.001-0.2
6-nitropyridine-2,5-diamine 0.001-0.2
Basic red 9 0.001-0.2
Auramine O 0.001-0.2
1,2-Diphenylhydrazine 0.01-0.2
4,4'-Methylene-bis(2-chloroaniline) 0.01-0.2
1-Naphthylamine 0.01-0.2
Diphenylamine 0.01-0.2
4,5-Diamino-1-methyl pyrazole 0.01-0.2
2,4,5-Trimethylaniline 0.01-0.2
4-Hydroxyindole 0.1-2
2,3-Naphthalenediol 0.1-2
5-Nitroacenaphthene 0.1-2
4-Amino-2-nitrophenol 1-10
p-Chloro-o-toluidine 1-10
2,4-Dinitrotoluene 1-10
Direct black 38 1-10
Direct brown 95 1-10

PR HEELECER  EESE%)
y=13169x - 3483.3 y=11937x + 1515.4 -9.4
y =3887.4x -1814.5 y =4029.6x - 1169.3 3.7
y=4035.7x+101.73  y=3693.6x + 183.75 -8.5
y =6514.5x - 1600.6 y =7001.6x - 2286.2 7.5
y =4359.7x - 1300.7 y =4242.4x - 800.1 -2.7
y =4036.3x - 894.18 y =4047.6x - 1958.1 0.3
y=14771x + 1027.8 y =15000x + 1238.9 1.6
y=3578.8x +1373.3 y=3678.3x +1177.9 2.8
y=2278x +572.21 y=2319x - 1851.55 1.8
y=298627x +362.36 y=307495x + 39.446 3.0
y=255014x -728.02  y=270129x - 74.224 59
y=168164x +69.474  y=167585x - 45.568 -0.3
y =20920x - 8651.8 y =22306x + 17134 6.7
y =145602x +70.623  y=157630x + 102.78 8.3
y =27536x - 1400.6 y =28293x - 1480.9 2.7
y =24801x - 536.75 y =24636x - 21.486 -0.7
y=49831x + 1415.9 y =50820x - 445.79 2.0
y=17374x+353.38  y=1790.7x +258.47 3.1
y=10171x +2185.5 y =10899x + 1350.7 7.2
y =726.94x + 75.033 y=717.32x + 14.228 -1.3
y =109.66x + 104.45 y=107.8x + 111.38 -1.7
y =298.55x + 114.76 y=281.4x + 144.83 -5.7
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Compound Spikedlevel (ppm)  Recoverya (%) CV (%) EEMR (ng/g)
4,4-Methylenedianline 0.02 108.1 53 0.02
0.1 102.5 7.8
o-Tolidine 0.02 110.8 3.9 0.02
0.1 104.3 9.3
6-Methoxy-2,3-pyridinediamine 0.02 98.0 5.8 0.02
0.1 95.7 53
4,4'-Methylenedi-o-toluidine 0.02 103.4 10.6 0.02
0.1 100.5 2.2
N-(2-Methoxyethyl)-p-phenylenediamine 0.02 103.5 6.6 0.02
0.1 107.2 8.9
6-nitropyridine-2,5-diamine 0.02 99.2 8.6 0.02
0.1 98.4 5.7
Basic red 9 0.02 97.2 7.9 0.02
0.1 99.0 2.5
Solvent yellow 34 0.02 100.2 4.5 0.02
0.1 99.5 2.1
1,2-Diphenylhydrazine 0.2 98.1 54 0.2
1 100.7 0.5
4,4'-Methylene-bis(2-chloroaniline) 0.2 101.1 10.0 0.2
1 101.2 7.8
1-Naphthylamine 0.2 102.4 8.3 0.2
1 110.7 42
Diphenylamine 0.2 105.5 7.8 0.2
1 103.9 4.1
4,5-Diamino-1-methylpyrazole 0.2 105.0 4.5 0.2
1 90.6 7.3
2.,4,5-Trimethylaniline 0.2 104.5 4.7 0.2
1 107.4 8.2
4-Hydroxyindole 2 104.5 6.5 2
20 96.8 0.8
2,3-Naphthalenediol 2 104.9 5.2 2
20 100.1 0.9
5-Nitroacenaphthene 2 102.0 7.1 2
20 92.6 2.6
4-Amino-2-nitrophenol 20 99.6 4.8 20
50 98.6 1.4
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Compound Spikedlevel (ppm)  Recoverya (%) CV (%) EEZME (ug/g)
p-Chloro-o-toluidine 20 103.3 53 20
50 102.1 3.9
2,4-Dinitrotoluene 20 96.5 8.0 20
50 97.8 2.7
Direct black 38 20 95.0 6.5 20
50 97.4 33
Direct brown 95 20 88.5 44 20
50 97.0 24
* Mean, n=15.
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ucts. Annex II List of substances prohibited and second order algorithms. J. Chromatogr. A
in cosmetic products. [http://ec.europa. 1216(42): 7063-7070.
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B R A AR 2R - 108.05.30F R EFE Chromatographia 45(1): 215-228.
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Determination of seven synthetic dyes in
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Establishment of Analytical Method for Banned Hair
Dyes in Cosmetics

SHIN-HAO CHEN, SHU-HAN CHANG, SHOU-CHIEH HUANG,
SU-HSIANG TSENG AND DER-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

A simple and fast method was developed for simultaneous determination of 22 banned hair dyes
in cosmetics by liquid chromatography/tandem mass spectrometry (LC-MS/MS). The sample was
dissolved by methanol and then extracted by ultrasonication for 30 min. After centrifugation and filtration,
the filtrate was separated by the ACQUITY BEH Shield RP 18 column at gradient elution of 10 mM
ammonium formate and acetonitrile. The analysis could be accomplished within 15 min by employing
electrospray ionization (ESI) with the multiple reaction monitoring (MRM) mode for detection. By using
commercially available hair dyes as blank sample, and adding appropriate amount of standard solution to
get the final concentration between 0.2-50 ppm. After performing 5 repetitions for 3 consecutive days, the
average recovery rate was between 88.5% and 110.8%. The coefficients of variation (CV, %) were all less
than 10.6%. The ion enhancement or inhibition of the matrix effects were less than 9.1%. This method

can be applied to the monitoring of post-marketing products to protect the health and safety of consumers.

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



