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HPLC-DAD for simultaneous determination of 20 colorants in hair dyes
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[Abstract] Objective To develop a high-performance liquid chromatography ( HPLC)-diode array detector (DAD)
method for determination of 20 colorants in hair dyes, so as to improve the method for determining oxidative hair dyes in
Hygienic Standard for Cosmetics. Methods After ultrasonic extraction with ethanol-water, samples were analyzed by HPLC.
The separation was achieved on an Agilent Zorbax Bonus-RP column (4. 6 mmX 250 mm,5 pm) using a gradient mobile phase
system of A; acetonitrile and B: 4 mmol/L PBS (pH=6. 0) containing 0. 1% 1-octanesulfonic acid sodium salt solution at a
flow rate of 1 mL/min. The gradient elution program was as follows: 0-24 min, 10% Aj; 24-26 min,10%-40% A; 26-45 min,
40% A; 45-47 min, 40%-80% A; 47-52 min, keep 80% A unchanged. The detection wavelength was set at 280 nm, the
temperature of column was 15°C, and the injection volume was 5 pl.. Results All the components were separated at baseline
within 50 min. Within the concentration range of 10. 0-500. 0 mg/L, the peak areas and concentrations of colorants had good
linear relationship, with the linear correlation coefficients being higher than 0. 999. The intra-day and inter-day precisions were
within 4% and the average recoveries ranged from 81. 90% to 119. 88%. Conclusion The present method is simple, rapid and
accurate and is suitable for determination of colorants in oxidative hair dyes.
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1 #7#

1.1 ME Agilent 1100 = 8500 AH {4 354, AL 55 7F
MWLM U IC A AR IR AE . A 3 HERE SR DAD (%
WA A, ZE); pH 3t (Orion 2 &, 3 FH);
0.45 pm ALIEME

1.2 XA X2 B (1, 4-diaminobenzene) | 4-4&
H M (4-aminophenol) | 3-Z Z 7 (3-aminophenol) | 2-
F-1, 4-7 5 R MR #1 (2-chloro-1, 4-diamino-
benzol-sulfat) | [8] & -} (1, 3-benzenediol) | 2§ 3&-
1,4- % (2-nitro-1,4-penylenediamine) . 3,4- &
LW K (3, 4-diaminoluene) | 5-% 345 F! B} (5-ami-
no-o-cresol) . 2- Fl 3£ 75 8 =% (2-methylresorcinol) | 2-
W HE-5-H B 2K Wy (2-amino-5-methylphenol) | 3- F JE-
1-2 JE-2-mi 1 Bpk-5-P ( 3-methyl-1-phenyl-2-pyrazo-
lin-5-one) ,4-N, N- . Z, 3-2- F -5 Ik 8 - — e (4-
N, N-diethy-2-methyl-p-phenylene-diamine ), 4-%
F-3-fi 3 K B (4-amino-3-nitophenol) . 6-¥ 3k 05| B

(6-hydroxyindole) .4~ [A] %X — B (4-chlororesorcin-
oD .2,7- "3 %E-2% (2, 7-dihydroxy-naphthalene) \1,
5- ¥ B-Z% (1, 5-dihydroxy-naphthalene) . N-ZK J&-
1,4-% — % (N-phenyl-1, 4-phenylene-diamine) , 4}
ZH W (2-aminophenol) | 1-Z8 W} (1-naphthol) 5§ 20
i e bR o & W T 56 [ Sigma ARl CNE L S
BREN (gl WEIR — SUBF | R IR & 4N, I A PR
B HETR L9500 LIE (X R o BT 4l 5 K Ak, b
i G R A F B T

2 HEMER

2.1 ik B
2.1.1 #B®EzAhi BT ZKEHREAZ
B 3.6 g BEER —EE 4.2 g MIOELe RN 1 g B T
T LK R Ay, Bl & 0. 190 2 b B /R & 1Y
4 mmol/L BEMRFh 2 P, I BRI pH 2 6. 0,
J0.45 pm AL B8 BRI 8
2.1.2 FRoEARAER S BREUA JeRbx B2 25
mg CREIE 0.1 mg) ,#% 2 mg/mL ¥ B 7K F I A
BRI EA, I 95 %0 CBE- K (R 12 DIR G
EARZE 2 mL, A BIE 2 12, 5 mg/mL 1Y YL kL bR
BRI, LA JLFR 9 0T AE b3 335 70 o 0 3 A M 3R
2% it BRI TR] e B 7 e . 2-50-1, 4- AR
TR R R AL 10 %0 2K ARG L fi vk s 3.4-—
A P R ] L 95 %0 SRV W E 4% 5 2- k-1, 4-
TR PR R 12,5 me, A 95% LB
WEZ Y 6. 25 mg/mL WY PABRAE AT, 45 Y
REB BABR A TARAT T 4CUREE P AR IIR R 2 d,
FARE W F% A5 BRAR A 3 MU B 28 10 mL &
L 95 % S WERR B =W E O 10. 0,25, 0,50. 0,
100.0.,200. 0 1 500. 0 mg/L . /ENIRAPRIER W .
2.2 Hemara®  FREAEMZ 025 O R 1
mg) 95 % LK EFLE R 1 DERE 5 mL,
AP 15 min, 4 458 X g B0 10 min, FE W
0. 45 pm LR B & , 75 I
2.3 &i#E&MH  @i%H . Agilent Zorbax Bonus-RP
B (4. 6 mm X 250 mm, 5 pm); A & -4
mmol/L 8RR & P (pH 6. 0, 7 0. 1% A9 2 Si ik
T2 B B 3R L A AR S L B AR B R £k 28 b
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W, BB .0~24 min, 10% A; 24 ~ 26 min,
10%~40% Aj; 26~45 min,40% Aj; 45~47 min,
40%~80% Aj; 47~52 min, fAFF 80% A R7AE, i
1 mL/min; FEIR 15°C; #EMEE 5 oL K%K
280 nm,
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BE1 Za&aHA).BEERMER(B)R
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1. SR TME; 2. 4% KW 3. 3-E W 4. 22814 2%
FeOR-GRmREY; 5. MK ZWh; 6. 2-WE3k-1.4 K 2 7. 3.4-

2K 8. 5-ZFE-4BH W ; 9. 2-WAEFHE; 10, 2%
FE-5-H R M s 11, 3-H SE-1-JR SE-2-nib e obk-5-F 5 12 4-N,
N-TZJ-2- -0 ok 4 - T 13, 4-% -3l 2 R
14, 6-FRFEMIWE, 15, 4-50 18 % W, 16, 2, 7-Z 5 528,
17: 1,5- 625, 18 N-ZRIE-1,4-28 T ; 19 SBE LW ;

20, 1-Z51)

2.4.2 Ao dh S REEE fAR MR 2 R
2.1, 230 N BC Y 6 A HeRE B TR A 0 B AR 5 L
% 2.3 WUN ik & R 2E 17 HPLC 0 #r, 5 et [ul

H R, 4R EW L 10.0~500. 0 mg/L F WK E
OB DY 25 Gk B o3 ) U T BRI VR BE R EL A R
MR ML REIIE T 0,999, A5 RE
MR, T EAE ML (S/ND s LU S/N =3 Sy K Il B,
S/N=10 JE R, ZRILE1,

2.4.3 WEEER KWER 250,100, 0 Al
500.0 mg/L IRGIREEWRAE 1 d N Bl iEZEEFE 6
W VL R SE 3 d 4 i iR AR A i 45 0 18T B 43 30 3
H MK R H R B R A5 R MR, 20 ARt
RS H P e H RS % B RSD E /N T 4%, £ W%
T3 1 (RN o B RAF

2.4.4 AR E T YR R 1Y A R S
53, S0 v R Yo A 28 /D B B I BR AR
Je VE R FEARAE 2 B A 25. 0,100, 0 F1500. 0 mg/L
I H i 3 A B A TR b oA VR AT n R T i S
B, SR SIR 25 YORE RS (AR Tk B AR ]l
81. 90% ~ 115. 08%, " ¥ BE 1Y fin A I8l g 2
91.29%~119.88%, fm ¥ B (9 A [l e & Oy
88.25% ~118.19 % , HAH L r BT 223K .

2.4.5 ROEMEAZE WU A YR FRE SRR 4
BIAE 0.2.4,6,8,12.24 h Bl A2 20 Ff YL kL 14 14 1f
LSRR M . S5 R £ Ly W T B RSD /1
F 2% R R AE 24 h WORFRRRE .

2.5 HsmalE  HiE 2 MY R A 2.2 WF )5k
SEATAREE 5 Oy AR E 2 WL B SRR LR
2, PR YL R A S bR AR g b A S A A S
5 8 22 18] FR R X 15 2 DA &5 SR A E A . BT A A4
4 o DN R TSC (B BE AR A A, SR A Y -2 AR
My 32 HE W, 2-F-1. 4- A IR R L B R
Py | 3- FH -1 -2 it ma -5 | 4-N, N-— & Bk-2-
PR X IR R - e A-SE TR)R T  AF 7 Ry,
TR AL b AR B < TN R e FE AR ISR
Hh s R A T % S

3.1 REBEMHEFE T 281, 4 &R
m 12 46 55 Y Bk B 43 1T fg LA 0% 2UFE A2 T AR s
RO AR IRUE A, AR SE G B BT A [ L M) & - K A
PRI I PEIAOR V25 R R WL R A 95 % S BE-K
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TRV YRRV sl AR AR Ak

Rl 0MERBDHRERL BAXRB RNRMESR

Y S s o i £ KR R 2 /ng FEw R m/ng
X 2R g y=2.129 82+1.757 1 1.000 0 2.31 7.25
A= By y=2.406 8x+3.833 5 0.999 9 2.32 7.32
3-5 B y=4.949 2x—1.249 2 1. 000 0 1.25 3.13
2-58-1,4- R B OR- B R L y=0.876 52+5.009 8 0.999 9 3.03 12. 50
1 Sy 3 y=4.255 7x—2.008 7 1.000 0 2.50 7.72
2-fili -1, 4-2K Tk y=10.82 2x+23. 49 0.999 7 1.15 3.13
3, 4- R FEWR y=4.051 7x+15.025 0.999 7 3.75 11.50
553 -4 F y=5.406 52—53. 685 0.999 4 6. 94 22. 30
2-F AL o y=1.901 8x—10. 429 0.999 5 3.33 10. 50
2- 5 H-5- W IL IR 1y y=4.546 1lx—6.744 2 0.999 7 4.76 14. 47
3- - 1- 2% 3 - 2- bt s b - 5 - ] y=05.433 0x—7.492 2 0.999 6 1.50 5.21
4-N, N-T2 2 Fk-2- F B0 YR R - — il y=3.263 50+8.917 1 0.999 1 0.68 2.54
48 FE- 3 BE R y=8.734 6x+13.905 1.000 0 0.45 1.56
635 H 5| W y=7.519 7x+12.988 0.999 9 0.48 1.70
A-GR ) 2K y=4.544 9x+11. 399 1.000 0 0.87 2.37
2,7- R I-ZE y=5.871 22+7.843 1 1.000 0 0.91 3. 14
1,5- -2 y=06.254 0x+41.816 0.999 5 1.20 3. 89
N-FEH-1,4-7K % y=22.729 0x+47. 847 0.999 9 0.38 1.25
& B T y=6.597 3x+26. 153 1.000 0 0.54 1.66
1-Z8 1 y=4.582 4x+17.565 0.999 8 0.53 1.75

K2 FEFNARERRFABEMESREE

n=5, r+s, wp/(mg+ g~ )

% PRA A LLF B
- 7.5440.24 -
3-E EL 0.87+0.01 6.7740. 14
[F) 2 B 0.68=40.02 -
2-5-1, 4- A SRR - 18.15=+0. 31

3 FF - 1- 2 - 2- bk e b - 5 - ] )1 1.5840. 05
AN N-THE-2- P XTROEHE- " 1. 6640, 04 8.77+0. 39
A-G AR - 1.2040.01

0.33%+0.

3.2 EabARM R LR EHET 6 FhRM 3
FELRS 1 Agilent (354, Bl SB-Cy 4 (3. 0 mm X
100 mm, 3. 5 pm) ., Extend-Cys £ (3. 0 mm X 100
pm ) | Phenyl-Hexyl #
(4.6 mm>x100 mm, 3. 5 pm) . Eclipse Plus-Cis i
(4.6 mm X250 mm,5 pm) SB-CisH (4. 6 mm X 100
mm. 3.5 pm) LA K Zorbax Bonus-RP # (4. 6 mm X
250 mm,5 pm), E5 R BN G 4 A G RGE T A
S 4 B EOR L {HAf A Eclipse Plus Phenyl-Hexyl
HE(4. 6 mm X100 mm, 3. 5 pm) XF 28 i Fl 454k
M 7 [ — 57 8 ) 0, 32 iy &I LU 1) 9K AT LAk 3 4

mm, 5 Eclipse Plus

B9 B 252w A L 43 43 B BOR s @] Eclipse Plus-
Cio#E (4. 6 mm>X 250 mm,5 pm) 3,4- % % H A
2- W SL B AR AR A 1-25 0 o0 B NS [ e
3- PP -1 - R - 2- b e bl 5- i 0 2 B 7 I L IR TR iR
B SB-Cig HE (4. 6 mm X 100 mm., 3. 5
pen) X A R A-SE Wy | 2- 5 BR-5- DR A 3-
P -1 - 2R - 2- Mk e b5 A i 5 3] 3 AR A9 43 5 2
B, 1A Zorbax Bonus-RP £ (4. 6 mmX 250 mm,5
pm) REHS [F) B 43 253X 20 FhYLRb 4y, HIE TR ALT .

3.3 AFARy A O OIAIRAT R T -
IKFNRE-7K 3R Ge Xt o3 85 0 52 ) L 45 R 2 K
RO T B AR YR o8 B B R R i A
S B TR Ay B R R R T D A i R
TS St sk R A R 85 1 o R O O SR T B e i

PR AMAE B3 - R0 B, -0 13- | 2- B -

S-H R IR A AN, N-— 2 FE-2-F L% R R 56—
e R A- G TR) 2R W R 58 A4 B T

¥ 6 F8 J | Wi
i T A A A M B R O B . (RN B 6 T U Sl A
B 1 X R e R |l TR R R B L pHL {EL
AR A5 A5 R o0 B B S, R AW E 2. 3 BT (i
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- ESSE= 3
3.4 Mk ke WRIEEINEFDOLER, &

TEA5 Yok B o RRAE W D K o A A B SRR
B, 20 Fh RS 7E 220 ~240 nm Fl 270~310 nm
Ab A FEAE WL, 230 nm A1 280 nm ¥ AT 4 E A6
P, BTTE 230 nm MR KA TR Z W RELE
WA 5 K, PR A S 36 26 280 nm E S 3@ H A

ARSIy 7 T HPLC-DAD 3 [R] B 1 52 3 % 7
o 20 R YRS O K T R T RGN
AW, 3 kS SR A B S SR
£ 50 min IN4r B T 20 F HARIL & . Jrik gt
O 22800 IR [T A6 M X A o i 22 45 4% T S B 3R
B, S 56 118 S 02 FRUORS B 2 249 05 JE S B A o G I
B, R AR PR L A M R T OH AT Y R
77 ity RS B SR A3, SRy G R A B A T 4 1t
T —E W H AR SZHE R XAt S T AR A ) P R
AT JoRL I 5 5 1% A R BURTAR 7

4 FEEHR
JI A A 3 P AR SO AT AT R 4 v 58
[Z % x #k]
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