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Topll 712A8E AFstaa £ A5 TR HEAANREE Fiste =2E A9 s 105 (p—phe—
nylenediamine, toluene—2,5—diamine, m—phenylenediamine, nitro—p-—phenylenediamine, p—amino—
phenol, m—aminophenol, o—aminophenol, p—methylaminophenol, N,N'—bis (2—hydroxyethyl) —p—phenyl—
enediamine sulfate, 2—methyl—5—hydroxyethylaminophenol) ¥ S5 4% (U7, Ni, Z&; Cr, Z¥E,; Co,
T2; Cu)& A3ttt 1039 HEATEYE 8 Asld 5 FgRAE fste Iat-2% olIYEFS
ol g3t W2 HAstA AEAAYE L, 2AAAFTAAAZRETHIE o] &5t EA4AZF0] 12 minS
2 FE FARAZREE ST B4 A9 1059 AR AR AR 2719 ARl EF ERIFHUL,
Zt AR FEE gUET EEARTE AXE AHEE ' TEALT oletE UEITHA Fo okF A
A A2013-228%). TS, 459 FFEAES FRI8H] A3t microwaved o83t AlEE EalsAL
FEAFEH2HEZAE o] &8st A Bt 2 AlFollA 55 A2 Ni 0572 pg/g, Cr 3.161
rg/g, Co 2.029 pg/g, Cu 0.420 pg/golth. ERAY AdE T35 =5 Hud 43 EZed GElvh
ArAlY Hi 2% 5= Ni 1.800 pg/g, Cr 10.127 pg/g, Co 7.082 pg/g, Cu 1.451 png/g2 AEFEFY0)
U IHENY Bt S90TH GEAE S S A o Al d o Al B o) 67)) Ao B GRSl
A% A3, 2o A9 Co 57 7HE =11 A AAdAs 25 Cre 57 52 2& € 5 Asdth

Abdract: We measured the contact dermatitis-causing substances concentrations in 28 commercia oxidetive hair-coloring
products. This study was aimed to provide the fundamenta data about oxidative hair-coloring products. We selected
10 oxidation dyes (p-phenylenediamine, toluene-2,5-diamine, m-phenylenediamine, nitro-p-phenylenediamine, p-amino-
phenol, m-aminophenol, o-aminophenol, p-methylaminophenol, N,N'-bis(2-hydroxyethyl)-p-phenylenediamine sulfate,
2-methyl-5-hydroxyethylaminophenol) and 4 heavy metal (nikel; Ni, chromium; Cr, cobat; Co, copper; Cu) as contact
dermatitis-causing substances. To identify 10 oxidation dyes, hexane-2% sodium sulfite was used for the rapid and sm-
ple extraction and ultra performance liquid chromatography (UPLC) analysis was used for smultaneous andysis in 12
minutes. 10 oxidative dyes were detected as indicated on the product packaging and each concentration was lower than
prescribed upper concentration limit by pharmaceutical manufacturing standards. And we analysed inductively coupled
plasma-optica emission spectrophotometer (ICP-OES) for content search of heavy meta after microwave digestion.
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The heavy metal average concentration in oxidative hair-coloring products was 0.572 ¢ g/g for Ni, 3.161 xg/g for Cr,
2.029 1:g/g for Co, 0.420 g/g for Cu, respectively. The average of concentration in powder type (henna) was higher
than those of other foam and cream type oxidative hair-coloring products as follows; 1.800 1 g/g for Ni, 10.127 «g/g
for Cr, 7.082 1 g/g for Co, 1.451 s2g/g for Cu. Hair coloring products were classified into the six colors - black, dark
brown, brown, dark brown, light brown, red brown and analyzed. Brown color had the highest average concentration
of Co and the others had the highest average concentration of Cr.

Keywords: Oxidative hair-coloring products, Contact dermatitis, Oxidation dyes, Heavy metal
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Table 1. The Operating Conditions of UPLC
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Column Acquity UPLC® BEH C18 A7 gm, 21 x 100 mm, Waters, USA)
Flow rate 0.35 mL/min
Injection Vol. 20 ¢L
UV wavdength 235 nm
Time (min) A (%) B (%) Sope
0 100 0
7 95 5 7
Mohile phase 10 ° % °
105 100 0 6
12 100 0 6

A: 0.02 mal/L ammonium phosphate (pH 5.1)

B: Acetonitrile

cd emission spectrophotometer, ICP-OES) #4112 A}
g3t HEAH nRAs fdele o= ¢zl o
oltl AlG= opvi=dE AEe 4sldsE ¥ Ni, Cr,
Co, Cu®] 24 Ao et Axg Az HA -
A 27S BAEIAT o] = EEHE Azl 55

T QEAFS ddeR AR 1 AL B
HEH & sadste] #d ofel 71&1}@% Algsta
A
2. Mz H Y
21 AT

FAEA S whE, g IEU sl A Al Sl
HEA 5 2810& o= st ddAERE =
At 203, ok 813G A BAl 8d)ellar, 8
R Y]] 9RA 177, SEEAEID) A
81, AFEH FEA 34 gtk AR T4 7
2, 9 24 63, A 57, e A 43, St
e A 247t 3delitt.

2l s Z2FEELS pphenylenediamine (Supelco,
USA), toluene-2,5-diamine sulfate (Fluka, Germany),
p-nitro-m-phenylenediamine  sulfate,  2-nitro-p-phenyl-
enediaminesulfate,  p-aminophenol,  m-aminophenal,
o-aminophenol  (Sigma, USA), p-methylaminophenal
(Aldrich, USA), N,N’-bis(2-hydroxyethyl)-p-phenylenedi-

amine aulfae (Wako, Japan), 2-methyl-5-hydrox-
yethylaminophenol (Tokyo Chemica LTD., Japan)-S At
431931, AlEFH 2 UPLC 248 913+ ehanol,
acetonitrile (Merck, Germany, HPLC grade) n-hexane
(Merck, Germany, GC grade), ammonium phosphate mon-
obasic, ammonium phosphate dibasic (Sigma, USA)-S A}
&3ttt
T54 EFEFLS ICP-multi-dement standard solution
XVI (As, Be, Cd, Ca Cr, Co, Cu, Fe, Pb, Li, Mg, Mn,

Mo, Ni, Sb, Se, &, Ti, Tl, V, Zn 100 mg/L, Merck
KGaA, Gamany)s AHE3llal, T35 dAAdde

A4 4K Matsunoen Chemicds LTD., Japan, 3l
&8989 FakMerck, Germany) S ARE-EFITH AlE
o] AM83 FH{S= ELGA water purification system
(ELGA, UK)S Eato] A =3t4th

23. 7171 & A=A

A e E £4S 9% 0]53-2 0.02 mol/L ammo-
nium phosphate monobasicell 0.02 mol/L  ammonium
phosphate dibasicS H7FstHAl pHE 51E B $
0.2 pmfilter2 73 845 acetonitriles} EF3sH=
gradient F7-& A&l UPLC (Acquity UPLC
I-Class, Waters, USA) 2 £-2J35}$tHTable 1). TLC= 7
oJefel ol 3t 7= F A, 2418 4H5tE |
Aol wet stk A 5o APl 253
A2 7] (Powersonic420, 3}A1E) =), 941 E8]7]1(MF-80,
31, pHZ=4 7] (SevenCompact pH/lon, Mettler-toledo
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Table 2. The Operating Conditions of ICP-OES
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Parameter Operating conditions
RF Power 1,400 watts
Nebulizer flow 0.55 L/min
Auxiliary flow 0.2 L/min
Plasma flow 17.0 L/min
Sample flow 15 L/min
Plasma viewing Axid
Processing mode Area
Wavelength Ni (231.604 nm), Cr (267.716 nm),

Co (228.616 nm), Cu (324.752 nm)

AG, Switzerland)E A8 T

TS5 B4 AR TTES ks
A5t7] S15ked M2 % 30% Aitel 6 h B F 1%}
9 33 FHRTE AH & AZAA ARSI T
& 245 98k A8+ microwave %X (CEM MARS,
Agilent, USA)E o] &3t HAe]st3daL, ICP-OES
(Optima 7000DV, PerkinElmer, USA)S A8-31e] £4
S tHTable 2).

=15 o
CR=0al —9—0\51 =

F3te ek
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sto] EFEEN(100 £gml)S AZEst] AFdEH =
e WHRASIAA A&t Z42te
&3 3438k 05, 1, 5, 10, 50 xgmLs =9 3%
FAE Azt HJFds AT FAlTES
BAS 93k Ni, Cr, Co, CuZ Z3Fsl= ICP-mul-
ti-dement standard solution XVI 100 mg/L (Merck
KGaA, Germany)S 3% ZAsko g 343le 25 50,
100, 200, 500 pgL& Z}zb zA|ste] AAS 28t
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Figure 1. The chromatogram and spectra of 10 oxidation dyes by UPLC.
1. p-phenylenediamine; 2, p-aminophenal; 3. toluene-2,5-diamine; 4. m-phenylenediamine; 5. p-methylaminophenol; 6. m-aminophenol;
7. N,N'-big(2-hydroxyethyl)-p-phenylenediamine sulfate; 8. o-aminophenol; 9. nitro-p-pheylenediamine; 10. 2-methyl-5-hydroxyaminophenal.

EFEY 100 pgml 1 ML F54% SHEFY 100 27. EAXz
rg/ml 100 £LE 242 H7keE & o] & AA L gy AEAFANAN AEE 55 A8, AE 5
H Wy YA AEstATh ZE HwElr] $1ste] dYE4HEA (Oneway ANOVA)

I} AL A o2 W7 (Duncan)o] o2 49519
31, 54 packager= SPSS (13.0 for Windows, September
2004) 5 ol-&3k3itt
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Table 3. Regression Data of Oxidation Dyes by UPLC
Average
LoD? LOQ? recovery rae
Oxidation dyes R2 Y
v (ko) (sgL) (%, =3)
Cream Henna
p-phenylenediamine 0.999997 92.6 280.6 95.9 91.2
p-aminophenal 0.999976 884 267.9 995 93.8
toluene-2,5-diamine 0.999974 120.0 3637 98.7 96.5
m-phenylenediamine 0.999992 2433 7374 96.9 92.8
p-methylaminophenol 0.999995 75.3 228.1 9.1 92.0
m-aminophenol 0.999977 124.9 3786 97.6 9.2
N,N’-bis(2-hydroxyethyl)-
I(2-hydroxyethyl)-p- 0.999979 55.8 169.0 9.0 9.4
phenylenediamine sulfate
o-aminophenol 0.999956 8L5 247.1 95.6 93.8
nitro-p-pheylenediamine 0.999982 102.1 309.4 98.4 89.8
2-methyl-5-hydroxyaminophenol 0.999969 95.9 290.6 98.3 29.1

Y Coefficient of Correlation, R?
2 Limit of Detection, LOD
9 Limit of Quantification, LOQ

311, SAEMEA

B Aol M= HoiAIE 2 opridHEAE 4
5 F A5 B dEErd JSA0EE s
o] &= Aoz Bu¥E PPD, toluene-2,5-diaming[4-9],
m-phenylenediamine, nitro-p-phenylenediaming]6], p-ami-
nophenol[4-6,8,9], mraminophenol[4,5,7-9], o-amino-
phenal[4,6,8,9], p-methylaminophenol, N,N'-bis(2-hydrox-
yethyl)-p-phenylenediamine sulfate, 2-methyl-5-hydrox-
yethylaminophenol[7] 105¢] 4FSlE S & FA E8ls17]
{3l UPLCE ©]-83}] 0.02 mol/L ammonium phos-
phate (pH 5.1)¢} acetonitrile 7Fe] A3 & =71 (%)
25 A5 tTable 1). S8 EAxHd0 =7 10%
o] RS 12 min oJUjoll FAIEA & 4= A THFgure
1). 05, 1, 5, 10, 50 p#gmLEEo] E3FFNS /A1
235 ke AARASR)E B5F 09999 o)
o]t w3k 7}k AkEld o] LODE 558 ~ 2433 gL,
LOQE 169.0 ~ 737.4 nglLE UERITHTable 3).
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Figure 2. The chromatogram and spectra of oxidation dyes in sample by UPLC.

1. p-phenylenediaming, 2. m-phenylenediamine; 3. m-aminophenol
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Table 4. Detection of Oxidation Dyes in Samples (n=28) by UPLC

. Amount” ucL?
Oxidation dyes No. of samples % %
m-aminophenol 21 0187 + 0.279° 20

D 0.007 ~ 1.033 '
0.659 + 0.703
henyl jami 17 .
p-phenylenediamine 0,066 ~ 1975 30
) 0.240 + 0481
p-aminophenol 14 0,006 ~ 0.773 30
) 0.042 + 0.090
o-aminophenol 10 0,006 ~ 0.298 30
__ 0.118 + 0.145
toluene-2,5-diamine 8 0,007 ~ 0.387 25
o 0.143 + 0.043
m-phenylenediamine 5 0109 ~ 0212 10
} 0.055 + 0.054
p-methylaminophenol 3 0,013 ~ 0115 10
. 0.042 + 0.022
2-methyl-5-hydroxyaminophenol 3 0,027 ~ 0,032 05
nitro-p-pheylenediamine 1 0.008 30
N, N’ -bis(2-hydroxyethyl)-
N-bis(2-hydroxyethyl)-p- 0 _ 29

phenylenediamine sulfate
Y Amount (%) of Oxidation Dyes in Samples by UPLC
2 Upper Concentration Limits (UCL) in Hair-coloring Products
9 Data were Expressed as Mean + Standard Deviation (minimum ~ maximum)

Table 5. Regression Data of Heavy Metds by ICP-OES

Average recovery rate

2 1) LoD? LOQS) (Y-
Feavy metdls R (1g) (£gl) T
Ni 0.999979 0.7 22 934 97.0
Cr 0.999980 1.9 56 933 98.3
Co 0.999971 22 6.8 91.9 95.0
Cu 0.999958 27 8.2 91.2 935
Y Coefficient of Corrdlation, R?
2 Limit of Detection, LOD
9 Limit of Quantification, LOQ
poLolith AHERYF U mA] Alse 2+ F NI Ot o Eo] 718 &3 A9 9l 54 5
=% EFEFNS HUkslY Ige&s g% A7 o] PR 53] oA o= WM HEAH HJF
B 5o I9E] 91.2 ~ 93.4%, 3l 2A) o] YJEHtH17]. ¥ A7EAY X" Alg A
935 ~ 98.3%= Y3 3A UEISETHTable 5). Aol Ni HdsEE 0572 pgglz, Y79 051
rolg, AT 0591 pglgt AR A3E UERARY
3.2.2. AlROIM2| Ni, Cr, Co, Cuo| ZH& TH13,18].
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Table 6. Heavy Metal Concentration According to Type in Hair-coloring Products

Type No. of Ni Cr Co Cu
sample (99 (99) (99) (~99)
Foem 3 0.162 + 0.099" 0.286 + 0.235 0.024 + 0.036 ND? + 0.001
0.048 ~ 0.224 0.016 ~ 0.447 0.001 ~ 0.066 ND ~ 0.001
0.067 + 0.085 0.390 = 0.508 0.005 + 0.009 0.009 + 0.017
Cream 17
ND ~ 0.320 ND ~ 1.873 ND ~ 0.027 ND ~ 0.050
Powder g 1.800 + 1.464 10.127 + 8.390 7.082 + 13.079 1.451 + 0.351
0.378 ~ 3.336 0513 ~ 19.213 0.050 ~ 31.885 0.842 ~ 1.793
Y Data were Expressed as Average + Standard Deviation (minimum ~ maximum)
2 Not Detected, ND
Table 7. Heavy Metal Concentration According to Color in Hair-coloring Products
Color No. of Ni Cr Co Cu
Sample (~909) (~909) (~909) (~d9)
Black ; 0.552 + 1.187" 2.506 + 6.062 0.037 + 0.062 0.204 + 0518
ND? ~ 3.229 ND ~ 16.241 ND ~ 0.167 ND ~ 1.378
Light 5 0.686 £ 1.176 4488 + 6.973 4,049 + 9.835 0.722 + 0.848
brown ND ~ 3.046 0.251 ~ 17.703 ND ~ 24.124 ND ~ 1.793
Brown 5 0.795 + 1.429 3.844 + 7.786 6.396 + 14.249 0.530 + 0.746
ND ~ 3.336 ND ~ 17.730 ND ~ 31.885 ND ~ 1.624
Dark 0.827 + 1.484 5561 + 9.125 0.047 + 0.078 0.421 + 0.843
brown 4 ND ~ 3.050 0.256 ~ 19.213 ND ~ 0.163 ND ~ 1.686
Black 0.036 + 0.032 0.172 + 0.162 0.002 + 0.004 0.014 + 0.025
brown 3 ND ~ 0.049 ND ~ 0.321 ND ~ 0.007 ND ~ 0.043
Red 0.217 £+ 0.165 0.687 = 0.462 0.028 = 0.0.044 0.539 £+ 0.932
brown 3 0.048 ~ 0.378 0.395 ~ 1.219 0.001 ~ 0.079 ND ~ 1615
Y Data were Expressed as Average + Standard Deviation (minimum ~ maximum)
2 Not Detected, ND
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