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L 2k 2012 1244 102 Akelddl A=olA 5 F<U 48lE G=AAA) 1257] AFNA & (Pb), Bla
(As), 7F=E(Cd), Z&(Cr), B M), YAND, F(Cw e ¥&5 37 =4 Y4t & ava, 44,
AR v W] FOZH oo JAH Eoke 7|2ARE AFstast B ATFE Attt E4E WA €5
Aol B F5F% w5 9 0.211 pg/g, ¥4 0.051 pg/g, 7F=F 0.008 ug/g, 3= 0.954 ug/g, B3t 6.250
ug/g, YA 0.591 ug/g, T8 0.544 ug/goZ ZHEHoH ‘a‘ HV\«] A5 vt F4F HArE Sl
A3 Aol A 8712 F 20 wg/g, ¥lA& 10 pg/gRt) W& X0tk () F o) oFE ok A 1A A|2013—-24
%), =3 dU GEAE SAH0E o7 2ol E%ic’tq(p < 0.05), & 1.264 uglg, M1 0.267 uglg,
FF=H 0.025 upg/g, AE 4.055 ug/g, H3F 72.044 ug/g, UA 3.076 ug/g, Tl 4.640 pug/goE =4+ 9
T ARAEG YT AEALY BE 55 TEE FAKLE Fog AolE BA2H (p < 0.05), ¥
I AA ol A ZEo] 22t 0.708 ug/g, 0.478 ug/gE 718 B9k1, BZErdolAE wrlo] 60.041 ug/gE
=3t GRAY AHE FEE w5 BAFHCE o3 xpol & Ho|A] gigkon, =AY Ae- g, AF0]
o PP FES HY, A3 BEA duA= 38 23 S0 mizto] Ao Udo] o HF B &

2 Uel

Abstract: This study was aimed to provide the fundamental data about oxidized hair color products. For this reason,
we collected 125 oxidized hair color products, which were distributed in domestic market from January to October,
2012, and measured the heavy metal concentrations of lead, arsenic, cadmium, chromium, manganese, nickel, copper
in the samples. Results were compared by domestic, foreign, henna, type and color. The average metal concentrations
were as follows; 0.211 ug/g for lead, 0.008 ug/g for cadmium, 0.051 ug/g for arsenic, 0.954 ug/g for chromium, 6.250
ug/g for manganese, 0.591 ug/g for nickel and 0.544 ug/g for copper. In case of lead and arsenic, the concentrations
were much less than the regulated amount (20 ug/g and 10 ug/g, respectively) suggested by MFDS (Ministry of Food
and Drug Safety). In henna (p < 0.05), the concentrations were significantly higher than those of other domestic and
foreign oxidized hair color products as follows; 1.264 ug/g for lead, 0.267 ug/g for arsenic, 0.025 ug/g for cadmium,
4.055 ug/g for chromium, 72.044 ug/g for manganese, 3.076 ug/g for nickel and 4.640 ug/g for copper. Statistically,
it showed that the heavy metal concentrations were quite different for the different types of hair color products. The
cream and liquid type products had the highest average concentration in chromium (0.708 ug/g, 0.478 ug/g, respectively).
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On the other hand, powder type products showed the highest concentration in manganese (60.041 ug/g). In addition,

the concentrations of heavy metals and the color of products are not quite correlated. It was shown that average concen-
trations of lead and chromium were higher for yellow, chromium for red and pink, manganese for brown and black,

and nickel for green.

Keywords: oxidized hair coloring products, henna products, heavy metals, inductively coupled plasma-optical emission spectrometer
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Z9| S7teh dAdel 117s AA g Ee] M=
Bt o] YF2 wrolZo|HA] FEA A2 HX
SIR= A=

TFAZAZ AR FEEYE| B2A Syl
°F 1,300%] ¥ RS @EA AEE o] Fa o,
21 F o] bAoA ofefe)F oz T wol 37}
e FEE ARARI Aoz gRlgth A 2011
o = 20101390 HI&) 10.6% S7FsF 1,347 A A&
9] 57%)°] ARAZ 371S WUTHI.
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Table 1. The Conditions of ICP-OES Spectrometer
Parameter Condition
Wavelength (nm) Pb : 220.353
Cd : 228.802
As : 188.979
Cr : 267.716
Ni : 231.604
Cu : 327.393
Mn : 257.610
RF power (Watts) 1,450
Plasma gas flow (mL/min) 15
Nebulizer gas flow (L/min) 0.82
Auxiliary gas flow (mL/min) 0.2
Sample flow rate (mL/min) 1.50
BT 7% 340 398 ABUE 04T AED
IES

Al(Limit of Detection, LOD)< ‘& 0.0021 ug/g, B
0.0018 ug/g, 7F=F 0.0005 ug/g, ZE 0.0002 uglg, &
ZF 0.0007 ug/g, Y7 0.0005 ug/g, T2 0.0003 ug/gO]
A3, A F3HA|(Limit of Quantitation, LOQ):= g 0.0065
ug/g, BlA 0.0056 wpglg, 7F=H 0.0014 uglg, =
0.0063 pg/g, BZF 0.0021 pg/g, YA 0.0015 ug/g, T
0.0009 ug/g®] AT,

26. 2l+E é"*

ﬁ'ﬂ]_]_?]‘ %uolzl. ‘j/]g?]/]@-/]
ol T’ 93]—1‘255*— Il EE R B I P :rLcna]_
Peach Leaves 1547 (NIST, USA), Spinach Leaves 1570a

(NIST, USA)E ©]&3td 3l+eS S5t em 1

A= Table 29} 2t}

2.7. BMXIRS SAX
T4 8 Y ARAY FEE5 =5 Plush] ¢
st rtestE AASRL, ZH, HA 7te]
& % Hla, A Blas YEAT E24(One-way
analysis of variance)?} AFE A © 2 7 (Duncan)2
o] g3l¥ o™, FA package= SPSS/PASW

s
(ver. 17. 0. 2)Z o] &3t}
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Table 2. The Measurements of Standard Reference Material (SRM)

o,
oY
o,
)
)

9

2
N

Element Material NV Certified (ug/g) Measured (ug/g) Recovery (%)
Pb SRM NIST”1547 5 0.87 + 0.03 0.84 + 0.05 96
Cd SRM NIST 1570a 5 2.89 + 0.07 2.80 = 0.06 94
As SRM NIST 1570a 5 0.068 + 0.012 0.057 + 0.07 88
Ni SRM NIST 1570a 5 2.14 + 0.10 2.12 £ 0.30 99
Cr SRM NIST 1547 5 1.00 £ 0.01 1.02 + 0.20 102
Cu SRM NIST 1570a 5 122 £ 0.6 11.9 + 0.20 98
Mn SRM NIST 1547 5 98.0 = 3.0 993 £ 1.0 101

1) Number of samples
2) National Institute of Standard and Technology

Table 3. Mean Concentration of Heavy Metal (Pb, As, Cd, and Cr) in Domestic, Foreign and Henna Hair Dye Products

Sample No. Pb (ug/g) As (ug/e) Cd (ug/g) Cr (ug/g)
0.131 + 0.096" 0.063 = 0.023 0.007 £ 0.013 0.487 + 0.201
Domestic 45 5
0.032 - 0.391 0.001 - 1.361 ND? - 0.066 0.043 - 0.985
0.098 + 0.062 0.004 + 0.005 0.007 + 0.006 0.808 + 0315
Foreign 55
0.010 - 0.348 ND - 0.035 0.001 - 0.050 0.065 - 1.805
1.264 + 0.546 0.267 + 0.245 0.025 + 0.012 4.055 + 4.387
Henna 25
0.796 - 2.548 0.079 - 0.756 0.013 - 0.051 0.689 - 12.905
0211 + 0.366 0.051 + 0.163 0.008 + 0.011 0.954 + 1.579
Total 125
(0.010 - 2.548) (ND - 1.361) (ND - 0.066) (0.043 - 12.905)

1) Data were expressed as mean + Standard deviation (minimum-maximum)
2) ND : Not detected

Table 4. Mean Concentration of Heavy Metal (Mn, Ni, and Cu) in Domestic, Foreign and Henna Hair Dye Products

Sample No. Mn (ug/g) Ni (ug/g) Cu (ug/g)
0.156 + 0.251" 0.134 + 0.174 0.217 + 0.209
Domestic 45
0.019 - 1.172 0.013 - 1.211 0.013 - 0.836
0.056 = 0.046 0.003 + 0.003 0.005 + 0.012
Foreign 55 5
0.002 - 0211 ND? - 0.010 ND - 0.050
72.044 + 21.116 3.076 + 1.091 4.640 £ 1.709
Henna 25
48366 - 103.125 2.016 - 5.933 2.538 - 7.324
6.250 + 21.039 0.591 + 0.963 0.544 £ 1356
Total 125
(0.002 - 103.125) (ND - 5.933) (ND - 7.324)

1) Data were expressed as mean + Standard deviation (minimum-maximum)
2) ND : Not detected

ekslaEska) =), #3949 A 3 &, 2013



Table 5. Mean Concentration of Heavy Metal (Pb, As, Cd, and Cr) According to Type of Hair Dye Products

245

Sample No. Pb (ug/g) As (ug/g) Cd (ug/g) Cr (ug/g)
0.118 + 0.087" 0.034 % 0.151 0.007 + 0.009 0.708 % 0.315
Cream 64
0.010 - 0.391 0.001 - 1.361 - 0.061 0.065 - 1.805
0.095 + 0.032 0.012 £ 0.016 0.008 + 0.016 0.478 £ 0.172
Liquid 36
0.050 - 0.169 ND - 0.054 0.001 - 0.066 0.241 - 0.889
1.061 + 0.686 0.223 + 0.243 0.022 + 0.014 3416 + 4.242
Powder 25
0.032 - 2.548 0.001 - 0.756 0.001 - 0.051 0.043 - 12.905
1) Data were expressed as mean + Standard deviation (minimum-maximum)
2) ND : Not detected
Table 6. Mean Concentration of Heavy Metal (Mn, Ni, and Cu) According to Type of Hair Dye Products
Sample No. Mn (ug/g) Ni (ug/g) Cu (ng/®)
0.101 + 0.157" 0375 + 0.537 0.160 % 0.198
Cream 64
0.002 - 1.172 0.013 - 3.012 0.008 - 0.836
0.114 + 0.276 0.315 + 0.496 0.141 + 0.031
Liquid 36
0.013 - 1.139 0.030 - 1.888 0.030 - 0.380
60.041 £ 33.915 2.568 + 1.543 3.869 + 2.374
Powder 25
0.024 - 103.120 0.016 - 5.933 - 7.324

1) Data were expressed as mean + Standard deviation (minimum-maximum)

2) ND : Not detected

3. ¢+ At
3.1 = 2 H L 2N FFS B
24k £ 9 deA AAe 4 2EE5 5

o] H(Table 3, 42 BT F& 0211 uglg, HlAE
0.051 ug/g, 7F=HLS 0.008 ug/gol™, I=E 0.954
ug/g, B 6.250 uglg, U2 0.591 ug/g 18|31

= 0.544 ug/g® ZAE AT

agar =4k Y B U EA B2 oA
=9 0.131 ug/g, B3 0.156 ugle, T2} 0217 ugle, =
0487 pg/g= EUI, T FEANAE= =7 0.808
pg/e® =JTh T U ARAE F 1.264 uglg, Bl
2 0.267 uglg, 7F=F 0.025 ug/g, 5 4.055 uglg, &
Tt 72.044 ug/g, U7 3.076 ug/g, T2l 4.640 ug/gZ =
A gl ] ARARG uf9 2 FFEoIUTh

o] T =it GEAN} s, = ARAIG) Hy= T

A FA4L ™ (Cream), WA|(Liquid), w2
(PowdenEF} 0.2 ER73IAH. 2 A48 $55 55
o] HiH(Table 5, 6)& B AP AH E}JolA =
2o] Z+7} 0.708 ug/g, 0.478 ug/g, T2 EFJolAE
7t 60.041 ug/gZ =A ZAHEH AT

A a5 3 AR FAFSE o3 Aol
£ HATp < 0.05). ZHF AA ERdolM = 25
Aol 714 2 F5E YR ZAZelA A&
2 0.708 ug/g, 0.478 ug/g, U2 0375 ug/g, 0315
ug/g o1FTh B4 Aol = 3ol 60.041 ug/g, T

= 3.869 ug/g= =/ SAEHAG. Rt = 7t=go|
7P Ee wEE SAEASY 1 e A8 A

o 1
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Table 7. Mean Concentration of Heavy Metal (Pb, As, Cd, and Cr) According to Color in Hair Dye Products

Color No. Pb (ug/g) As (ug/g) Cd (ng/g) Cr (ug/g)
0.876 + 0.079" 0.005 + 0.006 0.004 = 0.003 0.606 + 0.345
Yellow 15
0.010 - 0.356 0.001 - 0.023 0.001 - 0.009 0.065 - 1.343
0.124 + 0.092 0.005 + 0.003 0.009 + 0.008 0914 + 0.278
Red 17
0.034 - 0.332 0.002 - 0.010 0.001 - 0.025 0.555 - 1.461
0.115 + 0.088 0.013 + 0.017 0.003 £ 0.002 0.631 £+ 0.239
Pink 18 s
0.046 - 0.348 ND? - 0.054 0.001 - 0.007 0.277 - 0.933
0.268 + 0.457 0.061 £ 0.152 0.010 + 0.013 0911 + 1.814
Brown 36
0.032 - 2.548 ND - 0.756 0.001 0.043 - 1.290
0.289 + 0.437 0.101 + 0.272 0.011 + 0.015 1.471 £ 2.213
Black 27
0.053 - 1.782 0.051 - 0.163 0.008 0.241 - 7.526
0.097 + 0.048 0.028 + 0.043 0.007 £ 0.007 0.792 + 0.478
Green 12
0.211 - 0.366 0.051 - 0.163 0.008 0.954 - 1.579
1) Data were expressed as mean + Standard deviation (minimum-maximum)
2) ND : Not detected
Table 8. Mean Concentration of Heavy Metal (Mn, Ni, and Cu) According to Color in Hair Dye Products
Color No. Mn (ug/g) Ni (ug/g) Cu (ug/e)
0.125 + 0.286" 0.308 + 0.500 0.135 + 0.190
Yellow 15
0.004 - 1.172 0.013 - 1.474 0.013 - 0.664
0.057 + 0.057 0.349 + 0.058 0.156 + 0.115
Red 17
0.034 - 0.211 0.058 - 1.210 0.045 - 0416
0.110 + 0.115 0.354 + 0.498 0.126 = 0.120
Pink 18
0.027 - 0.048 0.048 - 1.888 0.008 - 0.380
9.132 + 24.866 0.712 + 1.143 0.735 + 1.553
Brown 36
0.002 - 33.12 0.014 - 3.933 0.008 - 2.698
11.436 + 28.393 0.680 + 1.089 0.868 + 1.895
Black 27
0.024 - 39.407 0.028 - 3.124 0.023 - 7.324
0.084 + 0.071 0.902 + 1.083 0.233 + 0.276
Green 12
0.013 - 0.193 0.031 - 0.198 0.028 - 0.756

1) Data were expressed as mean + Standard deviation (minimum-maximum)

ol A& 0.007 ug/g, BAEFYANAE 0.008 pg/g, &
0.022 ug/g® ZH= ATk

ERdoll A=
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