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A Study on Contact Dermatitis-Causing Substances Concentrations
in Commercial Oxidative Hair-Coloring Products

Na Young—ranT , Koo Hee-soo, Lee Seung-ju and Kang Jung-mi

Drug Analysis Division

Abstracts

We measure the contact dermatitis-causing substances concentrations in 28 commercial oxidative hair-coloring
products. This study was aimed to provide the fundamental data about oxidative hair-coloring products. We selected 10
oxidation dyes(p-phenylenediamine, toluene-2,5-diamine, m-phenylenediamine, nitro-p-phenylenediamine, p-aminophenol,
m-aminophenol, o-aminophenol, p-methylaminophenol, N,N’-bis(2-hydroxyethyl)-p-phenylene diamine sulfate, 2-methyl-5-
hydroxyethylaminophenol) and 4 heavy metals(nickel; Ni, chromium; Cr, cobalt; Co, copper; Cu) as contact dermatitis-
causing substances. To identify 10 oxidation dyes, hexane-2 % sodium sulfite was used for the rapid and simple
extraction and ultra performance liquid chromatography(UPLC) analysis was used for simultaneous analysis in 12
minutes. 10 oxidative dyes was 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-optical emission spectrophotometer(ICP-OES) for content search of heavy metals after microwave digestion. The
heavy metal average concentrations in oxidative hair-coloring products was not detected 0.572 ng/g for Ni, 3.161 ng/g
for Cr, 2.029 ng/g for Co, 0420 ng/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 nug/g for Ni, 10.127
ug/g for Cr, 7.082 ng/g for Co, 1451 pg/g for Cu. Hair coloring products were classified into the 6 colors - black, dark
brown, brown, dark brown, light brown, red brown and analyzed. It showed that brown color had the highest average

concentration of Co and the others had the highest average concentration of Cr.

Key words : oxidative hair-coloring products, contact dermatitis, oxidation dyes, heavy metal, Ultra Performance Liquid
Chromatography, inductively coupled plasma-Optical emission spectrophotometer
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A FEA T 285 o= silth A E
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o}
HEE H A
ABldg HFES pphenylenediamine(Supelco,
USA), toluene-2,5-diamine sulfate(Fluka, Germany),
p-nitrom-phenylenediamine  sulfate, 2-nitro-p-
phenylene diamine sulfate, p-aminophenol, m-
aminophenol, o-aminophenol(Sigma, USA), p-
methylaminophenol(Aldrich, USA), N,N'-bis(2-
hydroxyethyl)-p-phenylene diamine sulfate(Wako,
Japan), 2-methyl-5-hydroxyethylaminophenol(Tokyo
Chemical LTD., Japan)< AF8-81533l, Alg57H] 9
UPLC #2495 29J3}] ethanol, acetonitrile(Merck,
Germany, HPLC grade), n-hexane(Merck, Germany,

GC grade), ammonium phosphate monobasic,

Table 1. The operating conditions of UPLC

ammonium phosphate dibasic(Sigma, USA)-&
ARSI

545 AFF2 ICP-multi-element standard
solution XVI(As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb,
Li, Mg, Mn, Mo, Ni, Sb, Se, Sr, Ti, TI, V, Zn 100
mg/L, Merck KGaA, Germany)-&- AFS-3l91L, &
& ZAPol= d4h F4HMatsunoen Chemicals
LTD. Japan, fallg4543-8), 4K Merck, Germany)
= AT Algel ARSRE S= ELGA
water purification system(ELGA, UK)2 53}
Az,

717] W Sz

AxA Asldg 1S 93l Ultra Perform-
ance Liquid Chromatography(UPLC, Acquity
UPLC I-Class, Waters, USA)E ALl o] 54
< 0.02 mol/L ammonium phosphate monobasic
o] 0.02 mol/L ammonium phosphate dibasicS- 3
7¥shdaA] pHE 512 2= 5 0.2 pm filter2 o3}
3 8-S acetonitrile¥} E§3}= gradient 212
AHEEIATHTable 1). TLCE A]F0]okEebdx] 11
A Tojofelel] Bg 7IE B AR 2418 4t
88 drAo] wel S AT . Al AAele
microwave ZX|(CEM MAR6, Agillent, USA), %

Column Acquity UPLC® BEH C18(1.7 um, 2.1x100 mm, Waters, USA)
Flow rate 0.35 mL/min
Injection Vol. 2.0 uL
UV wavelength 235 nm
Time(min) A(%) B(%) Slope
0 100 0
7 5 7
. 10 55 6
Mobile phase 105 100 0 6
12 100 0 6

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

B: Acetonitrile
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S 9}A] 2 7 (Powersonicd20, 3}41E)=1), D412 7]
(MF-80, $+¥), pH="7](Seven Compact pH/Ion,
Mettler-toledo AG, Switzerland)E AFE-SI3t). <
F4 219} 71712400 A18E )
291 A817] Slted A 530 % A4 6 br

2 H 13} 9 33 ER4E AE T AZAA B
of AR&SHATE Fellsas 4l AR 7171

inductively coupled plasma-Optical emission
spectrophotometer(ICP-OES, Optima 7000DV,
PerkinElmer, USA)& #2] 2712 Table 29} 2t}

=0 =172
=T s T

e & ot

Az 2y

FEA MEEEE AME FFEES 77 50
mgs Fotd olgkE 25 mlo] =9l & 2 %
sodium sulfiteE- ¥o] 50 mLZ 3}o] 3EF8-94(100
ng/mL)S Azt 2pReE 28 JFRAst
WA ASST: el ERES £ 45
05 1, 5 10, 50 ng/mL&exe] EdRFAES A=
slo UPLCZ #A438laL, HfdS Adsiin
qevds A4S Y3t Ni, G, Co, Cus X35
+ ICP- multi-element standard solution XVI 100
mg/L(Merck KGaA, Germany)<- 3 % d4ko.2 3]
233} 25, 50, 100, 200, 500 ng/L2 Z}z}; ZA|sh
dwde EsAT a8 Agosry 7}
Ao tsle] A=3HA|(Limit of detection, LOD)
o} A& (Limit of quantification, LOQ)E 2+=

Table 2. The operating conditions of 1CP-OES
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AE(1A]) 100 mgS YAFEE FHA FHsla,
n-hexane 0.3 mL& @o] ikl ©A] 2 %
sodium sulfite 10 mL< 7}8le] B4kl o2
3,000 rpm o2 20 min 7+ Y4 FEjsial s
Fsted 02 ym FA)S- EHZE st AElds
S gk AlFH o= SFick

TLCE AFo] b 1A] Tof kel ol #gh
71 2 AR 2418 4skE dRAl wet
AahAt.

Falleas AR AAEE st AE(14]) 100
mgS microwave Z-8-8-7]0 FH3te] Hik 7 mL,
F4F2 ml, &4F 1 mLEVERA S e 249
mL, 94+ 1 mb)S 7k $ 2 hr o] W=A8k%

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 1.5 L/min
Plasma viewing Axial
Processing mode Area

Wavelength Ni(231.604 nm), Cr(267.716 nm), Co(228.616 nm), Cu(324.752 nm)
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T} microwave JH|E ©]§-3to] Hutj=}9] 1,000 w,
H1uL% 200 °C, B3lA)7F 35 ming] 2o B
etk o g A% vy B8 Ei1 FHT
2 87 2 548 e ¥ JdEo] IS

FH3}al AA S 25 mLE sl FalEass B4
AlggH oz st iR AR glo] HA%
A A8t F Aoz sl A B A}
3k 2 Aol AR-§E ARAFS BT 149}
AEIDEAY A B)E DY Wz EFstel

AgIE AT, AA B AgHES M
Fa% FE2 FAs] A5t 4 AFIYA
of BAE EFNLS FEE B AN W1
shick

siag

AHER] ARA 183 Su JxA 13S al
AEZ 3te] vlEAlE 100 goll AksldE FEEo
100 pg/mL 1 mL¥} Fa<4 31379 100 pg/mL
100 uLE 742t A71s Alg o} vpga|5.0] Al
o tate] ghE Aot HATHORE YA
Agste] slelAme} FE49 3488 TN
™, 33] HHE AJF3IT

SHXE|
ARAIFANN HEE TE5Y A, APE
BRI s&E vlusly] flete] dYEN 24
(One-way ANOVA)3} AL A
o] o2 B35, SA package= SPSS(13.0

for Windows, September 2004)E- ©]|-8-3}4 Ttk

e
[-'O

FAAE HolIAG 2 ofulksEAY

ASPE F AT EE QoA FEA

7Fs7de] e AeE HuE pphenylenediamine,

toluene-2,5-diamine*”, mphenylenediamine, nitro-p-
phenylenediamine6), p-aminOphenol‘l-é),Sy)’ e

,7-9) . 4,6,8,9)
, o-aminophenol , P-

aminophenol*”
methylaminophenol, N,N'-bis(2-hydroxyethyl)-p-
phenylenediamine sulfate, 2-methyl-5-
hydroxyethylaminophenol” 10%¢] 2l8ldgs %
Al F8st7] $ste] UPLCE ©]-8-3ke 0.02 mol/L
ammonium phosphate(pH 5.1)$} acetonitrile 7+2]
AAG FETH%) 2AS BASIICHTable 1),
e BAxR00F 103 ABldE RS 12
min ojfe] SAIEA & 4 JCHFg 1). 05, 1,
5,10, 50 ng/mligee] EEENS 7HA1aL 24
g Aol AAARAFR)E BF 0999 o)
ojt. Rk 7z} Asidse] HEWA(Limit of
detection, LOD)&= 55.8 - 2433 ng/L, AH&3H
(Limit of quantification, LOQ)+= 169.0 - 737.4 ng/L

Z YEeRJTHTable 3).

A2 =AH

A5 100 mgs AEHE FHA FHale] 03
mL n-hexaned} 2 % o}3HIESR 10 mLE 7|8k
AR s Adshe HFS
3t 0.2 ym AYA] BHE oAH7} golsHA| s}
Aok IS 100 mgel] 4kslels FF89s A
7¥ate] g AAE 2R IFES FRIgh
Ay} AHAE ARA 956 - 95 %, sl AEA
89.8 - 9.1 %= 453t THTable 3).
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Fig. 1. The chromatogram and spectra of 10 oxidation dyes by UPLC.
1. p-phenylenediamine; 2. p-aminophenol; 3. toluene-2,5-diamine; 4. m-phenylenediamine; 5. p-methylaminophenol; 6. m-
aminophenol; 7. NN'-bis(2-hydroxyethyl) phenylenediamine sulfate; 8. o-aminophenol; 9. nitro-p-pheylenediamine; 10. 2-methyl-5-
hydroxy aminophenol.
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Table 3. Regression data of oxidation dyes by UPLC
Lo Log? Average recovery rate
_— 2a) (%, n=3)
Oxidation dyes R (Lg/L) (ug/L)
Cream Henna
p—phenylenediamine 0.999997 92.6 280.6 95.9 91.2
p—aminophenol 0.999976 88.4 267.9 99.5 93.8
toluene—2,5—diamine 0.999974 120.0 363.7 98.7 96.5
m-—phenylenediamine 0.999992 243.3 737.4 96.9 92.8
p—methylaminophenol 0.999995 75.3 228.1 98.1 92.0
m-aminophenol 0.999977 124.9 378.6 97.6 96.2
N,N’—bis(2—hydroxyethyl) phenylenediamine sulfate 0.999979 55.8 169.0 96.0 95.4
o—aminophenol 0.999956 81.5 247 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 99.1
ICoefficient of correlation(R%)
Limit of detection, LOD
ILimit of quantification, LOQ
HFARIIE O AR AT W F2/dSH%) TLCE 08¢t A2 & L=lH=9|
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Fig. 2. The chromatogram and spectra of oxidation dyes in sample by UPLC.

1. p-phenylenediamine; 2. m-phenylenediamine; 3. m-aminophenol
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Table 4. Detection of oxidation dyes in samples by UPLC(n=28)

Oxidation dyes No. of samples Amount® (%) UCL (%)
. 0.187 + 0.279
m-aminophenol 21 0.007 - 1.033 2.0
_— 0.659 + 0.703
p—phenylenediamine 17 0.066 - 1.975 3.0
. 0.240 + 0.481
p—aminophenol 14 0.006 - 0.773 3.0
. 0.042 + 0.090
o—aminophenol 10 0.006 — 0.298 3.0
L 0.118 + 0.145
toluene—2,5—diamine 8 0.007 — 0.387 2.5
_— 0.143 + 0.043
m-phenylenediamine 5 0.109 — 0.212 1.0
) 0.055 + 0.054
p—methylaminophenol 3 0.013 - 0.115 1.0
. 0.042 + 0.022
2—-methyl-5—hydroxyaminophenol 3 0.027 — 0.032 0.5
nitro—p—pheylenediamine 1 0.008 3.0
N,N’—bis(2—hydroxyethyl) phenylenediamine sulfate 0 - 2.9
) Amount(%) of oxidation dyes in samples by UPLC
®Upper concentration limits(UCL) in haircoloring products
2 FAslgct 7 A3 GRAFAN UPLCE o]  f3lo] ghe 4RSS S 29l 2 AR @
st AU EE RIS woh PIRPIRIE TLC 4 USIth
g BN 20k 28lAE 105 4% BEE
A& = ATk 2y TLCE AlFl 2tslds HMEMT|HOHE a4 HE
o] TR BT 5 YA TeleRES ¥EA
X715 ol TAE AEE L] RS T55H Aol M2k 3 ASoH, El+E SE
=2]9] o= soldt 4= o). 1E)m TLCE ¢ AEAF A|REE microwave oz H3|jst &
3 AEe] ANE o IR AR F FRAGAN LeiA BRee fiske g 1
< glate] Al £, 71, A 5 Alge] WA mEel Ni, Co, G, CuPdl T ICP-OESE:
g Bgo] Baksha, AYA|, A e ZHA, A o8l B £ FREEEAIA 4%
Al o] Alge] A¥el W} Axe) Wo] Aolat FEE] HPALe BE 099 ool R'E B,
o] B2 AJZke] AQE| Qi) o]df Hisl] & Atoll A LOD= Ni 0.7 pg/L, Cr 1.9 ug/L, Co 22 pg/L,
sge e AlRe] AAesl dEAle] A¥s  Cu27ug/Leld, LOOENi 22 ug/L, Gr56 ug/L,
FEglo]l vlaA Fhaskal #2 AjZke] A8, Co 68 ug/L, Cu 82 ng/Lo|t}. Algol| Fa5
UPLCE ol83le] #e BAAtoR mgor ¢ ERFIL Alelel 58S FAd 2%
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AHAY Y SIUARAE vBAIEE st A
ZH3E ¥ FTS 912 - 983 %2 FEEATt
(Table 5).

AE2MIM2] Ni, Cr, Co, Cull &H=
Ni2 Gz} gEo] 7P &3t

= =
F9] SR 53] g0l dorE R HEA
yRge] N ‘OIE}ZO) B A7ds 2449 A8
AA o Ni Hisse 0572 ng/goz, Heob 4

9] 051 ug/g A %—2 o] 0591 ug/g fratet 2t
£ UEpI:
< JEAIFA RN dEE T it
2 EEl=E(wood tar)9} Niol] o]o] 3HA|Z HIHSH
FHES 7Y 4E 4R FHEES 712 94
o] ARt S FHES B, B A72%
% Cro] 3o Wit 3161 pg/go 2 H 5 0954
ng/gHth & A7E YehhicH.
= 40 AL Fo5 T shteln mlg]
B129] A7AI =AM QAo BAL Aaohy?, Co
3ISHE- = cobalt chlorider YEA=
FeiA AP, E el A% AR F Cok Bt
2009 vg/ge] $20] Al
2 295 YERIATH.
Cue YA WollA Ho thrtel Bdd I A4

b

Table 5. Regression data of heavy metals by ICP-OES

olu ¢RI HEFA IR, HIEE, 3§
59| A7l 503 5 ok, B Agte] At
o] oJahH AxA| WA Cu F& P2 0420 ug/g
o2 Ao} 49 163 ng/g H 5 0
Hop g2 A3E e itk
A EvEe e PRl |, Hla
7t=g, SHERES] 7S AAste] #AElskal e
39, dmAeae A -sﬂ‘ ZF&o uet
38X rhE o] A @2 HFo|mE GEA o
ME P7IES AAste] #shke Alo] dasith
T Az

SR 9B F 5 Y= FEREES B
4B E ] oPd 8499 Pt 9RE Tt
g 5 glof fald 9T v 5 gk 53 Gre
EAprzo] et 44 W Se] that ohae] %
olal7l 92} 37k Gre ATl Bag B 4

ol 67} Cre- wRTao] g AN 47
AL Zestel 3ol g falgel vl =
o, w3l S=84 Co?l cobalt chloride= U A=
Fste] FHo] faligk WhH cobalt aluminium
oxide®} cobalt titanium oxide & cobalt blues= 1

Aol QI E o TAF R SFE AuE de
AREE L . w2 A7) v HE

Fa5e] gFe 784 ¥ B84 9ol E¥

Average recovery rate

oe) LoD® LOQ” (%, n=3)
Heavy metals R (g/L) (g/L)
Cream Henna
Ni 0.999979 0.0007 0.0022 93.4 97.0
Cr 0.999980 0.0019 0.0056 93.3 98.3
Co 0.999971 0.0022 0.0068 91.9 95.0
Cu 0.999958 0.0027 0.0082 91.2 93.5

ICoefficient of correlation(R%)
“Limit of detection, LOD
Mimit of quantification, LOQ
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ArAe] AL A (cream), AF(foam), T
(powden)E}Q] 0.2 E-F{3lth AE 85§
423 AR folgh Afolg BoH(p <
005), U= e sk 22 ey FF Ni
1.800 ug/g Cr 10127 ng/g Co 7.082 ng/g Cu
1451 ng/go.2 Ao} AE ERINT $34 &
o] EA ZHHATKTable 6). o= AP} A
EollMe Nidtk Gro] 718 52 55 JeRS]
Il T e Curt =4 SRHERTE H T
9] B} goldt Azo|th?. o]de] AN E
AQsI Pt du= AREE Aeole o A= 3
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AR gEA F 174 A, Y, of), 1A 5
AAYEL PRk lrka Bashy Aot

Table 6. Heavy metal concentration according to type in hair-coloring products(n=28)

Type No. of sample Ni(ug/a) Cr(ug/a) Col(ug/q) Cu(ug/a)
Foam 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
Cream 17 0.067 + 0.085 0.390 + 0.508 0.005 + 0.009 0.009 + 0.017
ND - 0.320 ND - 1.873 ND - 0.027 ND - 0.050
Powder 5 1.800 + 1.464 10.127 + 8.390 7.082 + 13.079 1.451 + 0.351
0.378 - 3.336 0.513 - 19.213 0.050 - 31.885 0.842 - 1.793

“Data were expressed as average+standard deviation(minimum - maximum)

YND : Not detected
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Table 7. Heavy metal concentration according to color in hair-coloring products

Color No. of Sample Ni(ug/q) Cr(ug/a) Co(ug/g) Cu(ug/g)

Black 7 0.552 + 1.187% 2.506 + 6.062 0.037 + 0.062 0.204 + 0.518
ND® - 3.229 ND - 16.241 ND - 0.167 ND - 1.378

Black brown 3 0.036 + 0.032 0.172 £ 0.162 0.002 + 0.004 0.014 £+ 0.025
ND - 0.049 ND - 0.321 ND - 0.007 ND - 0.043

Dark brown 4 0.827 + 1.484 5.561 £ 9.125 0.047 + 0.078 0.421 + 0.843
ND - 3.050 0.256 — 19.213 ND - 0.163 ND - 1.686

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

Red brown 3 0.217 £ 0.165 0.687 + 0.462 0.028 + 0.0.044 0.539 + 0.932
0.048 - 0.378 0.395 - 1.219 0.001 = 0.079 ND - 1.615

Liaht brown 6 0.686 + 1.176 4.488 + 6.973 4.049 + 9.835 0.722 + 0.848
g ND - 3.046 0.251 = 17.703 ND - 24.124 ND - 1.793

“Data were expressed as average+standard deviation(minimum - maximum)

YND : Not detected
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