djure]sts]x] : A|31Y A45
Korean J. of Preventive Medicine
Vol. 31, No. 4, November. 1998

08k, RRAL, UIHE):, LM S, 0R8):, RAA:, BBAL, Seizh

AR 7R o gelstd 2 Aol s T

A&t B A3t 2

= Abstract =

A study on heavy metal concentration of cosmetics on the market

Hun Lee', Yoo Jung Yoo0?, Myoung‘Hee Park', Jung Ho Kim*, Yong Hee Lee’,
Chan-Seok Moon', Yong Shik Hwang', Deog Hwan Moon’

Institute of Industrial Medicine and Department
of Preventive Medicine, College of Medicine, Inje Univerrsity!

Graduate School of Public Health, InJe University?

This study aims at providing the fundamental data on the field of cosmetics by compar-
ing heavy metal concentration in terms of domestic/foreign products, items, companies and
colors. This study has determined the concentration of chromium, lead, mangagnese, nic-
kel, copper and vanadium in cosmetics such as moisturizer, concealer, foundation
(tvory-yellow), compact powder (Ivory-yellow), lip color {Red, brown), eye shadow (Red,
brwon and dark green) and eye liner (Black) manufactured by five domestic cosmetic com-

panies and five foreign cosmetic companies on the market. The samples have been col-

lected in cosmetic stores in Pusan from Dec. Ist 1996 to Jan. 3lst 1997.

The results are as follows :

1. The heavy metal concentration in cosmetics was 2.42ug/g for chromium, 0.82ug/g

for lead, 4.49ug/g for manganese, 1.69ug/g for nickel, 0.53ug/g for copper, and

51,ug/g for vanadium, respectively.

2. Lead and vanadium concentration were significantly higher in domestic cosmetics

than foreign cosmetics(p¢0.05).

3. The mean(GM) concentrations of heavy metal were different significantly (p{0.01)
when classified with cosmetic items. The highest means shown at eye shadow in
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Cr (14.961g/g), Cu (1.32u8/g),
~ 50ug/g), eye liner in Mn(90.62ug/g).

V (1.284g/g), and Ni (8.30g/g). compact powder in Pb(2.

4. The mean(GM) concentrations of heavy metal were different significantly (p{0.01) among

colored cosmetics. The highest mean concentration of Cr, Ni, Cu and V were dark

green-colored cosmetics, that of Mn was black-colored cosmetics, and that of Pb was ivory

yellow-colored cosmetics.

Key words : Cosmetics, Heavy metals(Cr, Pb, Mn, Ni, Cu, V)
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Table 1. The number of items by cosmetic com-

panies
unit : number
Company
Item Total
Domestic Foreign
Toner 5 5 10
Moisturaizer 5 5 10
Concealer 6 5 11
Foundation 6 5 11
Compact power 5 5 10
Lip color 10 11 21
Eye shadow 18 23 41
Eye liner 3 3
Total 58 59 117

=& Adsigr}. 22| il obo] Al =-%(Bye shadow)E
919 1078 AL ol ahe FY oto] = -HEye
shadow, red, brown, dark green)g} 17 2] =4k olo]
A =%(Eye shadow, red, brown, dark green)& 57}
3132, ofo]2to]A(Eye liner, black)& =4Hs 9
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o] & 79 AzE o] &of 4 7](Mili-Q-plus,
Millipore, Molsheim, France)& & 38 of 2 A}
4319tk Mili-Q plus®] A7) F5EE0] o2

FA) e Aol 1, 22 E A o5 AFpE P4

=82 18Mdcmol Aol :
A 89| 7171840l AHS-§F FEA 9 1000ppm ]
FEe Aloke FYARCH e FHERA

oF - Pb(katayana, Osaka, Japan), Cr{katayana, Osaka,

e
N

Japan), Mn(Hanawa, Osaka, Japan), Ni(Hanawa,

Osaka, Japan) Cu(Hanawa, Osaka, Japan), V(Junsei,
Toyko, Japan)©|th. 521 &3} & 7|71 Ao A€
FEZ GE 7ITEL FELUE ) Ak, v
A F 30% HNO O 62Xt BF2F, 257 AlF7]
(Ultrasonic cleaner)dl] 12} 2@ 33} ZHFE AH3 &
127](Dry oven)oll ARA|A Ao ARESHATE

39 2FEE Official methods of analysis(Part-
ricia, 1995)9 3, AAEF, AHEHA, TAEY S
2 UprolA Fako g FAEELE AAEI T
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Table 2, Instrumental parameters of atomic ab-
sorption spectrophotometer

Parameters Pb ¢ Cu Ni Mn V
Wave length(nm) 283.3 357.9 324.8 232.0 279.5 318.4
Slit width(nm) 07 07 07 02 02 07
Lamp current(mA) 8 25 15 25 10 40
Measurement mode PA PA PA PA PA PA
Inert gas Ar Ar Ar Ar Ar Ar
Sample volume(z£ ) 20 20 20 20 20 20
Zeeman background correction  Yes  Yes Yes Yes Yes Yes
* PA : peak area

** Ar: Argon

Table 3. Furnace Conditions for Measurement
of Pb, Cr, Cu, Ni, Mn and V

Temperature Time(second)  Internal

Element Step (c) Ramp  Hold Flow
Drying 1 120 5 40 250
Drying 2 130 5 18 250

Pb  Ashing 600 25 5 250
Atomization 1850 1 7 0
Cleaning 2600 1 2 250
Drying 1 120 1 60 250
Drying 2 130 20 10 250

Cr  Ashing 1450 25 5 250
Atomization 2500 1 8 0
Cleaning 2600 1 2 250
Drying 1 120 5 25 250
Drying 2 130 15 35 250

Cu  Ashing 600 10 20 250
Atomization 1850 1 7 0
Cleaning 2600 1 2 250
Drying 1 110 1 20 250
Drying 2 130 5 30 250

Ni Ashing 1100 10 20 250
Atomization 2600 1 10 0
Cleaning 2600 1 2 250
Drying 1 120 10 20 250
Drying 2 130 20 30 250

Mn Ashing 1300 10 20 250
Atomization 1900 0 5 0
Cleaning 2400 1 2 250
Drying 1 110 1 20 250
Drying 2 130 5 30 250

V  Ashing 1450 1 20 250
Atomization 2600 1 7 0
Cleaning 2600 1 2 250

29 ad AFEAAN 545552 W] Aty
I, A FE e FE A& 7o) 22 AA
A3t 71719 BAzAL ¥ 2, 33 2}

o 4259 FAAY

A9 FALEY T
31 t-testS AAIBIAL, 7t B =
T, Az $534 TR, APE $54 FEE Y
w2387] 93t dYLEAE A (One-way
variance) ¥ AF274%4 0 2 W7 (Duncan) 2] 'S 0]
£3t9 0.0, 57 package= SPSS/PC+ (ver. 6.0)%
o] &3t

Hr

. Az

®

L Y RUSHE FFS S5

AR FYSE HAY 7 FEE w2 715
HE(E 49& 2 I F(Cr)S 2421/g H(Pb)S
0.82ug/g, ¥ 7HMn) & 4.494g/gol ™, Y A(N) S
1.69g/g, T-El(Cu)E 0.53uglg 281 2 vh}E(V)S
0.51g/g0 2 ZA ST}, ela 4 2 FYsPEE
H2E, FUdXME d(pb), TEl(cu), viuE(v)ol &
1, FAEEANM = ZE(cr), URNI), F7HMn)
o] Fou}, b)) vhbE(v)THe] BAIHLE &
oJg zto] & R TtHp(0.05).

2. 21880 BrY S35 5

THE A g S FEEEREY HAE
ZE(E 5)F YA SFFHEH AT FELE
ol YehAdth. ZE(cn o] A5 SFEF €= 713
HEe TAHLE F3 2olE Y 2H(p(0.01
by one-way ANOVA), EV(Toner)7} 0.144g/g2 2 7}
A G3E HAE 291, olo| A= 9(Eye shadow)7}
14.96:8/g0 2 714 £ B AE BAT ofollE

2 EY(Toner), F.0]232to] 4 (Moisturizer), A4
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Table 4. Heavy metals concentration between
domestic and foreign cosmetics

unit:,ug/g

Heavy metal  Domestic Foreign Total

(N=58) (N=59) (N=117)

Cr 1.96(8.84) 2.98(6.80) 2.42(7.80)
[0.03~191.00] [0.04~105.26] [0.03~191.00]

Pb* 1.29(8.37) 0.53(4.92) 0.82(6.82)
[0.04~217.13] [0.00~9.12] [0.00~217.13]

Mn 4.17(10.80) 4.83(10.40) 4.49(10.50)
[0.00~104.92] [0.02~102.65] [0.00~104.92]

Ni 1.65(4.84) 1.73(9.85) 1.69(7.08}
[0.03~30.50] [0.01~83.12] [0.01~83.12]

Cu 0.65(4.03) 0.44(2.85) 0.53(3.46)
[0.02~10.62]  [0.04~3.66] [0.02~10.62]

v* 0.65(3.83) 0.40(2.13) 0.51(3.03)
[0.03~13.49] [0.07~1.65] [0.03~13.49]

Values in the table are geometric mean (geometric standard devi-
ation) [minimum(geometric standard deviation) [minimum ~ geo-
metric standard deviation) [minimum~ aximum].

* p{0.05 by Levenes T-ttest

#(Concealer), 3}-2-H)o]M(Foundation), # 2 194
(Compact powder), ¥ Z2HLip color), o}o]gko]|q
(Eye liner)9} 9]¢ 2to] & HHtHp(0.05 by Dun-
can multiple range test).

Hipb)d) A9 B4E SEd AloEFe FAT0
2 folg 2ol & 2 . 2™(p(0.01), EU(Toner)7}
0.031g/gO. 2 714 W& BHAAE B2, AY 3¢
Cl(Compact powder)7} 2.504g/g2 2 7} ¥& Hit

A& B} A2 919t (Compact powder)& 31|
©](Foundation), ©}0] A} =$-(Bye shadow)} £-2J 3
Ao)& i“%(o 05).

UZHMn) 8 A9 SHE SEE FF
ARLR ol F AtolE B3l Lm(po.01), l
2}o] % (Moisturizer)7} 0.49g/g 0.2 7} RS Ha
A& BR1, ofo]2to]V(Eye liner) 7} 90.62ug/g 22

7 =& HHE Byt O}O]E]":’]L'](Eye liner)+
EY(Toner), X o] 23 2}o] 4 (Moisturizer), 742
(Concealer), 3}2-d] o] M(Foundation), 7T & 19
(Compact powder), °}°]*H = -(Eye shadow)$} <]

l% 1 oﬂ
5 T *
2y ofm

& 2po]& B THp(0.05).

UANi) S BS E S5 279 3T
o2 o3 ao]E H I 2u(p(o.
0.141g/g 0% 71} W& BHAE BT, ofol e
(Eye shadow)7} 8.30ug/g 0.2 714 ¥ HAXE X
Atk ofol 2ol L (Eye liner)= EU(Toner), Zo] 24
2}o] z] (Moisturizer), 714 2)(Concealer) 2+ £-2] 8} 2}o]
& B3 cHp(0.05).

f rlo

Tecwd] A5 HIE 45 TR HEe 54
Ho2 o3 %olZ 1.0 (p(0.01), EM(Toner)
7} 0.04g/g2 71 B BHEFANE BY L, olojAlw
Eye shadow)7} 1.32ug/g2 718 &2 =
k. olo) = (Eye shadow)= EL(Toner), 20|~
% 2}o] & (Moisturizer), 714 #}(Concealer), 3-3-80]4
(Foundation), 7 # 7H-9-U(Compact powder), ¥ Z&}
(Lip color), e}o]2}e]\(Eye liner)9} 2] X}o] & 1.
ATHp(0.05).

Hhtg(v)e] 35 3HEE S5 TR Hae
AR fold Aol B0 (p(0.01), ZOJAH
2to] Z(Moisturizer)7} 0.17ug/g 0.2 714 & HoA]
g B3, ofo]=9(Eye shadow)7} 1.284g/g2 7}
T w2 PAAE HATE olo] M E(Eye shadow)s
EY(Toner), R 0°]23] 8] A (Moisturizer), 74 2
(Concealer), 3}-&H o)A (Foundation), 7 = =}t
(Compact powder), ¥ Z2HLip color), o}o]2}o]1q
(Bye liner)} 213t 2ol & H ${rHp(0.05).

3 MM SIE 534 B

Ve $54 T2 Vi)
£ 2o) 71A510] sl A o}
7 A(Colorless), ©F©] B Z(Ivory-yellow), 2 4}
(Red), &2 (Brown), 2524 (Dark green), < F(Blac-
KZ FF3IATH FAF(Colorless)ol] Z3HE = 3IEE
& EU(Toner), F.0]23&}o] A (Moisturizer), A4
(Concealer)o]™, o}o] H.2] F{Ivory-yellow) ol Z 3]

= 3Hg¥F2 sk o] M(Foundation), 7% £t

ok
i—«lg
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P
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i
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=
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Table 5. Heavy metal concentration according to items of cosmetics

unit : ;zg/g
Item Product(N) Cr* Pb* Mn*

D( 5) 0.18(4.68) [0.03~1.15 0.05(1.30) [0.04~0.07 0.93(1.18) [0.80~1.18

F( 5) 0.12(2.94) [0.04~0.46 0.02(1.54) [0.00~0.03 1.68(1.06) [1.57~1.84

Toner T(10) 0.14(3.65) {0.03~1.15 0.03(1.94) [0.00~0.07 1.25(1.39) [0.80~1.84
D( 5) 0.04(1.24) [0.03~0.05 0.32(7.55) [0.04~9.25 0.22(1.65) [0.12~0.40

] . F( 5) 1.11(4.50) [0.27~9.01 1.83(3.88) [0.25~5.02 1.10(2.14) [0.45~2.95
Moisturaizer T(10) 0.20(7.77) [0.03~9.01 0.78(6.43) [0.04~9.25 0.49(2.85) [0.12~2.95
D( 6) 1.67(12.52) [0.08 ~123.92 0.28(2.61) [0.05~0.59 3.87(4.63) [0.34~25.80

F( 5) 1.02(4.30) [0.32~12.86 3.57(2.01) [1.44~9.25 1.17(6.86) [0.15~8.36

Concealer T(11) 1.33(7.60) [0.08~123.92 0.89(4.75) [0.05~9.25 2.24(5.73) [0.15~25.80
D( 6) 1.92(2.51) [0.73~8.66 1.25(16.25) [0.06~217.13 18.56(2.30) [6.77~77.76]

. F( 5) 1.17(3.17) [0.60~9.06 2.20(1.47) [1.51~3.73 5.61(2.02) [3.59~19.47]
Foundation T(11) 1.53(2.75) [0.60~9.06 1.62(7.45) [0.06~217.13 10.77(2.63) [3.59~77.76]
D( 5) 2.68(1.28) [2.03~3.62 4.31(8.23) [0.49~69.37 25.74(1.22) [20.80~31.49]

F 5) 2.14(3.41) [0.24~4.79 1.45(1.78) [0.53~2.07 3.90(12.98) {0.41~97.18]

Compact powder T(10) 2.40(2.32) [0.24~4.79 2.50(4.79) [0.49~69.37 10.02(7.25) [0.41~97.18]
D(10) 1.85(4.61) [0.31~16.01 0.97(3.08) [0.31~14.50 1.30(4.17) [0.14~7.87]

. F(11) 1.73(4.61) [0.29~36.38 0.18(3.69) [0.03~1.96 0.82(6.18) [0.02~43.09]
Lip color T(21) 1.79(4.44) [0.29~36.38 0.40(4.37) [0.03~14.50 1.02(5.06) [0.02~43.09]
D(18) 13.61(3.27) [1.88~191.00, 6.91(3.98) [0.41~40.00 6.17(21.20) [0.00~93.12]

F(23) 16.11(2.58) [5.19~105.26 0.48(2.24) [0.04~2.15 26.89(9.39) [0.06~102.65]

Eye shadow T(41) 14.96(2.85) [1.88~191.00 1.56(5.58) [0.04~40.00 14.09(14.82) [0.00~102.65]
D( 3) 0.68(1.75) [0.37~1.10] 0.31(1.38) [0.22~0.39] 90.62(1.14) [80.38~104.92]

: F(~) - - ~

Eye liner T( 3) 0.68(1.75) [0.37~1.10] 0.31(1.38) [0.22~ 0.39] 90.62(1.14) [80.38~104.92]
D(58) 1.69(8.84) [0.03~191.00] 1.29(8.37) {0.04~217.13] 4.17(10.80) [0.00~104.92]

F(59) 2.98(6.80) [0.04~105.26] 0.53(4.92) [0.00~9.25] 4.83(10.40) [0.02~102.65]

Total T(117) 2.42(7.80) [0.03~191.00] 0.82(6.82) [0.00~217.13] 4.49(10.50) [0.00~104.92]

Values in the table are geometric mean (geometric standard deviation) [minimum~ maximum)].
* p(0.01 by one-way ANOVA, N; Number, D; Domestic, F; Foreign, T; Total

Table 5-1. continued unit : ueg
Item Product(N) Ni* Cu* v*

D( 5) 0.50(3.59) [0.13~4.00 0.04(1.63) [0.02~0.06 0.28(1.22) [0.24~0.39

F( 5) 0.04(1.65) [0.02~0.09 0.05(1.35) [0.04~0.09 0.22(1.16) {0.18~0.26

Toner T(10) 0.14(4.92) [0.02~4.00 0.04(1.52) [0.02~0.09 0.25(1.23) [0.18~0.39
D( 5) 0.18(1.38) [0.12~0.24 0.36(2.18) [0.17~1.08 0.06(2.03) [0.03~0.21

. . F( 5) 0.39(1.82) [0.15~0.72 0.29(1.57) [0.17~0.54 0.43(1.45) [0.30~0.76
Moisturaizer T(10) 0.26(1.84) [0.12~0.72 0.32(1.84) [0.17~1.08 0.17(3.10) [0.03~0.76,
D{ 6) 0.51(2.50) [0.29~3.25 0.30(1.88) [0.14~0.66 0.34(2.86) [0.07~1.33

F( 5) 0.66(3.06) [0.26 ~4.55 0.30(1.88) [0.15~0.79 0.32(1.94) [0.18~0.87

Concealer T(11) 0.61(3.02) [0.26 ~6.50 0.30(1.82) [0.14~0.79 0.33(2.35) [0.07~1.33
D( 6) 1.44(1.53) [0.92~2.44 0.30(1.25) [0.23~0.39 0.44(1.37) [0.26~0.62

. E( 5) 0.39(6.99) [0.01 ~1.29 0.29(1.30) [0.22~0.44 0.28(1.48) [0.20~0.54
Foundation T(11) 0.79(4.22) [0.01~2.44 0.30(1.26) [0.22~0.44] 0.36(1.50) [0.20~0.62
D( 5) 1.80(1.58) [1.11~2.87 0.65(1.50) [0.36~1.04 0.93(1.44) [0.66~1.68

F( 5) 4.53(3.71) [0.47~12.81 0.30(1.54) [0.15~0.44 0.25(1.76) [0.10~0.44

Compact Powd?r T(10) 2.86(2.84) [0.47~12.81 0.44(1.77) [0.15~1.04 0.48(2.30) [0.10~1.68
D(10) 1.54(5.97) [0.03~10.31 1.42(2.13) [0.72~5.74 0.46(3.46) [0.07~2.90

. F(11) 0.72(6.60) [0.02~4.44 0.53(2.25) [0.18~2.52 0.23(2.43) [0.07~0.95
Lip color T(21) 1.05(6.23) [0.02~10.31 0.85(2.49) [0.18~5.74] 0.32(3.01) [0.07~2.90
D(18) 5.84(3.45) [0.44~30.50 2.17(2.54) [0.25~10.62 2.60(2.07) [0.67~13.49

F(23) 10.93(4.52) [0.06 ~83.12 0.89(2.32) [0.07~3.66 0.74(1.62) [0.22~1.65

Eye shadow T(41) . 8.30(4.12) [0.06~83.12 1.32(2.66) [0.07~10.62 1.28(2.38) [0.22~13.49
D( 3) 3.79(3.27) [0.99~9.50] 0.24(1.28) [0.18~0.29] 0.40(1.55) [0.27~0.64]

. H(— —~ - -

Eye liner T( 3) 3.79(3.27) [0.99~9.50] 0.24(1.28) [0.18~0.29] 0.40(1.55) [0.27~0.64]
D(58) 1.65(4.84) [0.03~30.50 0.65(4.03) [0.02~10.62 0.65(3.83) [0.03~13.49

F(59) 1.73(9.85) {0.01 ~83.12 0.44(2.85) [0.04~3.66 0.40(2.13) [0.07~1.65

Total T(117) 1.69(7.08) [0.01~83.12 0.53(3.46) [0.02~10.62 0.51(3.03) [0.03~13.49

Values in the table are geometric mean {geometric standard deviation) [minimum~ maximum].
* p{0.01 by one-way ANOVA, N; Number, D; Domestic, F; Foreign, T; Total
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Table 6, Heavy metal concentration in cosmetics by colors

unit : ,ug/g

Color Product(N) crt Pb* Mn*
D(16) 0.25(10.40) [0.03~123.93} 0.19(4.39) [0.04~9.25] 1.01(4.64) [0.12~25.80}
Colorless F(15) 0.51{5.24) [0.04~12.86} 0.61(12.44) [0.00~9.25) 1.29(3.08) [0.15~8.36]
T(31) 0.36(7.67) [0.03~123.93] 0.33(8.17) [0.00~9.25] 1.14(3.80) [0.12~25.80]
D(11) 2.24(2.00) [0.74~8.66] 2.19(11.78) [0.06~217.13] 21.54(1.87) [6.77~77.76]
Ivorv-vellow F(10) 1.58(3.21) [0.25~9.06] 1.79(1.67) [0.53~3.73] 4.68(5.94) [0.41~97.18]
yy T(21) 1.90(2.56) [0.25~9.06] 2.00(5.93) [0.06~217.13] 10.41(4.46) [0.41~97.18]
D(11) 3.50(6.66) [0.31~27.13) 2.19(6.67) ]0.31~40.00] 1.47(25.63) [0.00~33.37]
Red F(14) 4.60(4.33) [0.29~29.40] 0.31(3.31) [0.03~2.15] 5.30(15.73) [0.12~93.55]
T(25) 4.56(5.11) [0.29~29.40] 0.73(6.10) [0.03~40.00] 3.02(19.81) [0.00~93.55]
D(11) 4.69(2.39) [0.56~10.79] 3.60(3.51) [0.41~14.50] 4.48(9.98) [0.14~93.12]
Brown F(15) 7.05(4.29) [0.36~105.26} 0.40(3.11) [0.05~1.96} 14.55(10.63) [0.22~102.65]
T(26) 5.94(3.45) {0:36~105.26} 1.01(4.97) [0.05~14.50] 8.84(10.66) [0.14~102.65}
D( 6) 26.31(4.85) [2.41~191.00] 7.09(4.59) [0.43~32.00] 11.47(6.30) {0.29~43.59]
Dark green H 5) 47.24(2.12) [13.81~100.76] 0.33(1.83) [0.16~0.74] 7.50(33.68) [0.06~97.43]
B T(11) 34.33(3.50) [2.41~191.00] 1.76(7.14) [0.16~32.00] 9.46(13.29) [0.06~97.43]
Df 3) 0.68(1.75) [0.37~1.10] 0.31(1.38) [0.22~0.39] 90.62(1.14) [80.38~104.92]
Black H—) " - .
T( 3) 0.68{1.75) [0.37~1.10] 0.31(1.38) [0.22~0.39] 90.62(1.14) [80.38~104.92]
D(58) 1.69(8.84) [0.03~191.00] 1.29(8.37) [0.04~217.13] 4.17(10.80) [0.00~104.92]
Total F(59) 2.98(6.80) [0.04~105.26} 0.53(4.92) {0.00~9.25] 4.83(10.40) [0.02~102.65]
T(117) 2.42(7.80) [0.03~191.00] 0.82(6.82) [0.00~217.13] 4.49(10.50) [0.00~104.92]

Values in the table are geometric mean (geometric standard deviation) {minimum~maximum|.
* p¢0.01 by one-way ANOVA
N; Number, D; Domestic, F; Foreign, T; Total

Table 6-1. continued
unit : uglg

Color Product(N) Ni* cu* v*
D(16) 0.36(2.71) [0.12~4.00} 0.17(3.32) [0.02~1.08] 0.19(2.83) [0.03~1.33]
Colorless F(15) 0.22(4.21) [0.02~4.55] 0.17(2.58) {0.04~0.79] 0.31(1.65) [0.18~0.87]
T(31} 0.29(3.44) [0.02~4.55] 0.17(2.91) [0.02~1.08] 0.24(2.34) [0.03~1.33]
D(11) 1.59(1.54} {0.92~2.87] 0.43(1.65) [0.23~1.04] 0.62(1.65) [0.26~1.68]
Ivorv-vellow F(10) 1.33(7.61) [0.01~12.81] 0.29(1.40) [0.15~0.44] 0.26(1.59) [0.10~0.54]
yy T(21) 1.46(4.05) [0.01~12.81] 0.36(1.58) [0.15~1.04] 0.41(1.91} {0.10~1.68]
D(11) 2.21(7.55) {0.03~13.40] 1.46(0.91) [0.61~3.49} 0.77(4.90) [0.07~6.19]
Red F(i4) 1.92(7.83) [0.06 ~32.75] 0.63(2.66) [0.07~2.52] 0.36(2.22) [0.10~1.,07]
T(25) 2.05(7.38) [0.03~32.75] 0.91(2.55) [0.07~3.49] 0.50(3.47) [0.07~6.19]
D(11) 5.25(3.24) [0.44~30.50] 2.36(1.84) [0.85~5.74] 1.61(2.08) [0.53~4.44}
Brown F(15) 7.27(8.19) [0.02~83.12] 0.78(2.26) {0.24~3.66] 0.60(2.46) [0.07~1.65]
T(26) 6.33(5.74) [0.02~83.12] 1.25(2.49) [0.24~5.74] 0.91(2.60) [0.07~4.44]
D( 6) 4.57(3.30) [0.81 ~17.07) 1.90{4.68) [0.25~10.62} 3.20(2.28) [1.22~13.49]
Dark oreen H 5) 14.93(1.60) [7.38~25.88} 1.13(1.64) [0.58~1.98] 0.76(1.50) {0.39~1.04]
& T(11) 7.83(2.97) [0.81~25.88} 1.50(3.21) [0.25~10.62] 1.67(2.67) (0.39~13.49]
D( 3) 13.95(3.27) [0.99~9.50] 0.24(1.28) [0.18~0.29] 0.40{1.55) [0.27~0.64]
H-) - - -
Black ( 3) 13.95(3.27) [0.99~9.50] 0.24(1.28) [0.18~0.29] 0.40{1.55) [0.27~0.64]
D(58) 1.65(4.84) [0.03~30.50] 0.65(4.03) [0.02~10.62] 0.65(3.83) {0.03~13.49}
Total F(59) 1.73(9.85) [0.01~83.12] 0.44(2.85) [0.04~3.66] 0.40(2.13) [0.07~1.65]
T(117) 1.69(7.80) [0.01~83.12] 0.53(3.46) [0.02~10.62] 0.51(3.03) [0.03~13.49]

Values in the table are geometric mean (geometric standard deviation) [minimum ~maximum).
* p<0.01 by one-way ANOVA
N; Number, D; Domestic, F; Foreign, T; Total
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(Compact powder)o]H], AA=o T3E = FHES
P2 HAMF(Lip stick, red)9} of|MES HAF
(Eye shadow, red)°|™, 282 (Brown)ol] £35+= 3}
AEL g2E ZAR(Lip stick, brown)9} olol®
$ 25 Eye shadow, brown) °[H, Z1:%45(Dark
green)oll X8 = PHEL opol = ¢ W= F(Bye
shadow, dark green)o]™, B & (Black)d] EFH=
BHES S5 ofo]zto]ui(Eye liner, black)e|tt.
A 234 TR BHEE(E 6)F H4UBY,
(Y AS A $EE =9 BT §AH
oz fodt AolZ HYCH(p(0.01 by one-way
ANOVA), F3(Colorless)o] 0.36ug/g0 2 71 @&
FFAE BAT, F=M(Dark green)o] 34.33ug/gS
2 71 ¥ HAAE 24k Z=5A(Dark green)
ZA(Colorless), oFolH 2l (tvory-yellow), 2 M(Red),
ZH8 (Brown), EA(Black)# #-9J8 zjelE HEATHp

{0.05 by Duncan multiple range test).

s 1o

—_—

Bipb)e A AP F55 TR a2 5AF
o8 #F9% Aols HA27(p(0.01), S4(Black)°]

031g/go R TFY R WFAE BT, ololuel
(Ivory-yellow)7} 2.00g/g 28 7V &2 HaAE H
%t} olo]B.l(ivory-yellow)= FA(Colorless)Zt
9J3k 2ol & B THp(0.05).

2HMn)e A¢ A FEE5 s HES §
ARoE {23 xolE HACH(p(0.01), F4(Col-
orless)o] 1.14ug/go 2 71 W& HAANE BG4, &
M(Black)©] 90.62ug/g0E 7MY} ®E& BHXE BA
t}. 34 (Black) F-A(Colorless), oFo] E.2 (Ivory-yel-
low)$}t #2)8 2018 B THp(0.05).

UAN)Y A5 A Fa4 32 Ha2 §A
Aoz Fol3h 2polE B oH(p(0.01), T4 (Colorles-
501 0.29/gO 2 7MY W HEAE B, FY
(Black)o] 13.95.g/g0% 7 B HHAE B
Z A (Black)2 T-M(Colorless), O}l H.2](Ivory-yellow)
S} 218 Aol B HTHp(0.05)

Ty AS B FE& T2 HEL A

Ho g §ol3t 2jolE B2 (p(0.01), F+(Colorles-

5)0] 0.17g/g0 2 71 R BHAXE
1

%t A=A (Dark green) F-3(Colorless), ©Fo] B2
(tvory-yellow), 4 (Black)7} £-2|g Xlol& RAT
(p<0.05).

BIE(V)Y A A3 FEE 52 BaS §
ARog o3 zo]g B 2m(p(0.01), FA(Col-

7.
B3t} W=2(Dark green)S T (Colorless), oFo] B
2)(tvory-yellow), 2 44(Red), S (Black)} 23+ 2}
ol EHtHp(0.05).

o}
(013, 1978; olA3 T, 1992). o7} AE FAHE
5

(Hexavalent chromium compound) €7 &

8] 23telo] FH% ¢ ARAE, ARrEe 2t
AFANGL EFoU mel7iee] WA, Fag 2
71% 3HHCronin, 1971; Burrows, 1978; tH&rs] -2}
gto|, 1994). 53] &L HEu R E] nivleh ¢
24 Z9 sz, e7he] F¥ T AEelA 48259
< oz AN AEPAL Aol s =
(Wood tar)2} Yo o]o] 3wz wig Q] &3
oln], = AFL YA Ul o449 L E7] FEE
7:12 gAo] AR B2 27 fHES A
CHFrugerman, 1969; Goh, 1988).

B A7 Ane] ofshd AE A¢ YutHor o
23E0] BEW(Toner), 3o}232to]A(Moisturizer), 71
A&](Concealer), 8-2-H]0] 4 (Foundation), 7 T4
(Compact powder). ¥ ZZHLip color), oFo]HE-F-
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(Eye hadow) d}o]i}ollfﬂ(Eye liner) 2 A&l 33
3%, M 2.4/ T A8 E2E F 9
243 B8 B 3% s~11gd AFHEH, W]
o loeg/mAET EAsl FUIE T3]
04~0.08ugS AT 4 JTha ScHElrHY, 1989;
£ %5, 1992; Pringle 5, 1968). 1] Y%t 1%
o] 8% 289 FFE FET 1.02%olL, 43
A7} 1.07,g %2 FAH 0.98g% T Tha
S RAHAEA 5, 1989; ¥1714, 1989).

(Ph)L 7], 2, EY S4EY g2 94
o dHAZE Foto] Aol FrEal UL,
¥ EH‘?‘;" AR, o F5
H dAle] g Z7] o] FE
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EolAl o] AAE  TAAZITHLockitch,
1993). £ Alxe #3E AA FF9 dEes
0.82ug/g% Tsankov 5(1982)9] 2.08ug/ghthe S
FHAE BT, o] FAE 2EY 548, sl
natz Age] o3t ZA#E Jed Hd F8sk
lOﬂg/gE‘:} w2 pRjolw], B H HAMTAA st

E 20uglg Hoie e OB ARAR L
/\], 1992). B A7 Aijo] ofsid dutgog dAE
o] EU(Toner), E.o|23z}to]4 (Moisturizer), AT
(Concealer), 3F&d|o|A(Foundation), ¥ 391
(Compact powder) ¥ ZEHLip color), ololHES
(Eye shadow), ofojZto\i(Eye liner)E AREER] 3
S @ 73S He 0.82g/g =] Holl ZRHE £
o, $AES Bl 3MF 18~22.8ug/gS AHFEH
(Moon 5, 1995) 7150l 1.31~2ug/mf A% &3}
o, 3718 Eal 05~1.0m/gS AFHE + Ao

3t pringle &, 1968; 2AE 5, 1992). HEE F
(1989)7 HI7121(1989)2] EF F4 T At
olatd dF do| HEFEEE 13.37~13.88ug%olL
A 2= galol] 9lo] 14.98ug%E oJ&Fe) 12.982%
e} E7 Yepdtt vhd ofAlo}, ofLe] 7}, F5AF
SolA WA AR EoIR e B o e $hE E
34E (kohl, surma)?] AME-S H& g FEre
G Ao Ugo] ATRIL Holou UrHHis-
anaga 5, 1988; Parry 5, 1991; Chazi 5, 1994).
Sprinkle(1995)2 o] ¥ EIHIES AMEE
olglo| B} AMESIA] Y& ofHolEY dF FEE
28] 2 A7 ARES ool EF del F=Ut
12,90/ 42 AFE3IA] k& ofdo|e] HF Y 5%
3ug/dETh HpAog foa B3E ZAEA &
gor, Nir $(1992)% 259 Aol =3
¥ w3FdF(kohl) AH&ALS} HIAREAL 308E o
Aoz P el FrE FAE A1, AREAke
% 9] 5t 11 2ug/ X2 WAL 8F el F
E 43g/dHAT o3 e HEXE BAL, E
A& zle} HIAME AL 9] ARAE At A, o U7t
kohl& AME-3F ZhAol] glof AME3lA] k2 of=L9]
AAET H 2 9o EF FEE HASS B 3
ek = Ali 5(1978)3 Gogte 5(1991)2] AFIAM=
o7} o] B o] WE T wHEES AR

2

g 40,
2 5599 5%, 2, 94 0 25, 49, 0%
! ze 342 298 5

Parkinson's syndromr &<

—_—

9JtH(Cotizias, 1958; Cotizias, 1971).
B A7 23 dlad Aoz 5% dasol
EU(Toner), =o]2Hztol A (Moisturizer), A2
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(Concealer), 3F&Hlo)A(Foundation) A 94
(Compact powder), ¥ Z2HLip color), oFIMES
(Eye shadow), o}o]2}o]U(Eye liner) & AMHE-8te] 313

S & AS 449l B2 W7 Z2E o] AF 3l
1, SAES B3 3% H 3~7ﬂg/g 9] g7ke 4
#3a, 715l 3.90u8/mo] A3t E71E T3

b 1~2ugS 43T+ tHPringle 5, 1968; ¥}
2, 1989; 23 & 5, 1992). % P F545 FE
B 1.20g/golH, AEE = AolE BolA] vyt
7H4], 1989).

YA 19789 47579 w1t 152219 w730l
UaAd 239 Aol =S Bag o]
), YAL wolzte g x| EHIN FES B
ct 03 A3 349l (Fe, Ni)9S8 (Pentlandite)
E 2% gl gsirelo} go] FAE o x
5“_?_ AL A4 a9 oy 7k A4 FE
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g, &9, UAHR 5o Az} A AollA o] £
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_|0

2slo) 22 5371 7ol =3 F2
1 sude FRNE F3) sse o9l 2
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4 UAYs R e 58718 B4 9§45
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of 2¥5x] g1 Aoz wjdEAY E44 Y
H22 5.57]0 S3H o] Wl 7lddth YA
<}
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AFE, Bgug, FulEY, AEYRE, A
3o A, BEA ol ‘Rlﬁ}(aﬂ%glih IR
A B D3), 1983). UAL L3 AEH vl 7}
4 B3 ge27] 99 24 Fo shE 53] A
Al QoM FETRG AMAR T 9924

o]tHAlexander, 1983; Aberer®} Peiter, 1991; ZhaoS}
Fan, 1991). 3% 450l AMgsle Aol 84, &
o] 59| F& B2 23H o] de U o Y
A oy 27150 LS (Larsson® Wind, 1985;
Sun, 1987) AlAlY FAAF E¥so e YA

JdaME FEEN T FEUFEES zddEd
Malten 5(1969)& AlAIA 9ug/ge] UAES 24,

A &9 YRS A sigY 902 Busiyl
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ler, 1990; Brandrup, 1991). =3t UAPL M3y
F9] gazgel M AREHOA, Az E
&9 PHER EAFOEHA, I 53] 1A A
E(4, o) 29l FF UA 3F IRge AR
t}. Goh 5(1989) ol | =S &2 YA gt &
Az BEE B3 AEHRAY AE FAL AT 2
EZE, 10709 ofolMEFolX 13~71,g/ge] YA

& BEAM

om, Ellen $(1989)2 T3FFEOIA
1.9ﬂg/g~250;1g/gtgq‘ EABL, Van 5(1981)2 A
Eo] A% vRgg dod At ARSRE ol
NESA 10~87ug/g®] nickels —‘?”—‘ﬂ%‘:} ol &
A7AT ] 0.01~83.121g/g T B A E Kol

et o]2]gt FRE Emmett o(1988)°l Yol gt

RPN aTold TI% 28e 9o £ e )

o)

Al E% M7} 0.15~ 15ugfgoletn B A
Hlwsle] £ m 2T g {-go] AlE e BAM
01”94 TS ¢ 7 AR
Fel(cu)E AF AEFA 714 o8 AHgEo] 2
(7,000~8,0003 %) 222 AAWel o Bras
%—91 s Al EiHo] e "o tiAket
Ao 7 EAlspl do Fru EFY AX
53*5‘011 gojshs ZAoE gl Jov 2 A 2
_Q_o]] q]a]w% A3 FHER &3 o3 HO],]
% Z+ 23 100~150mgo] EFHE O] UTHAH,
1989; dl¥relgtal FER Y B3], 199%) & A
FAHE FHE A4 PEY 72 FEE 0.53um/g
©2 Tsankov 5(1982)9) 6.28ug/githe *& B
e BYL, o] #XE 28 548 welsts
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3 Aol o3 dAE J2E A SEFE 50wy
Ho® Y& F3)o) & AT 23] ofsid dvty
o2 oAEo] 3% Eu(Toner) Zo|ZA}o]A
(Moisturizer), 42 (Concealer), 3-H|°]4(Foun-
dation), 7 ll}*?—ﬂi(Compact powder), 2 %}E}(Lip
color), O}O]/\HE—?—(Eye shadow), OPO]E}O]L‘](Eye lin-
)2 AHGee) 34E ¥ AL, B osyghEel T
29 2 9 % gom, £NgEyY AT 2ag

mgd =& A# 3l 3(Strickland 5, 1972) Utk EF
T2)9 FEE 67.48g%E AAREE TR} 66.63
%, AL 68.32% % AT} ARG 2F 2
HHAE HERAATH M, 1989).

SFEWE YEee Fae Fxoz A
% 2, 293 37] £ BA0] BAlshe dbol,
53] v CF & Blgtd Hf{F o &
Ak, LS ol 8she AdHe] G5 4 A
A7 el B]"’]’E‘ oF FFdhe w718 7t
2, 7154 vhbg ool v53 4 T o
Mzl e o] Azhek BAIZ i F5 ek 12
HES 39A2Z 50, &2 50,9 A, &4
2, E47}, olela 9 98 S9] U5 da o) &
Hi glen, vhugo] ikae
pentoxide(V,0,)7} HH 3F7|% 2=, FR4H, 3§
o W4, §%, 714, 35T 5 AU, 37
Hog Y4AT At A3 IS aa 12 s
ks AT e A4S eIt
1986; orgelstat g5R %ﬂéHﬂzﬂ, 1996). 249

Al vanadium

Nl

T Aol 2Jsid, s 945l EU(Toner), Zol&

2} 2to] 2] (Moisturizer), 74 #(Concealer), 3-2-d]o)A
(Foundation), 73 ¥ Z}¢-T(Compact powder), ¥ Z2}
(Lip color), ool E-9(Eye shadow), e}ol2to]U(Eye
liner) & AHE-SH] 3HE € 7T LB =9 vhugol
F29 7 glow, d71Fole Hi 0.08ug/mo] EA
e, 3718 B3l 0.25~05 =S ST AT
4= 1o (Pringle 5, 1968; 2FE &, 1992) FA<
g3 g e 296i%0lM, JEEE Rt
2.88ug/g, AR} 3.03,8% 2 ERHE T =}l A Q)

ot
-

=

F& YXE BATHEL7H, 1989).

SHEE 4] 8= I - o AA HE(E 5)2
PbE A3 5714 24 (Cr, Mn, Ni, Cu, V)o] o}

o=t ofojgtolufol A 7MY & FEAE HY
on, ApEE o] BtS W (X 6), PbE A3t
57}2] &84 (Cr, Mn, Ni, Cu, V)o] Z=4 (Dark
green)o|t} ZBA (Black)oll HEH] =& FEE Y
BRI e ¢ 5 AT Pb2 F 5ollA B0
BT (2.50;zg/ )«1 EH:H*J Al ofo| K e

A
L, ololl #ajME F5 HS B2 I HET} ©]

1996} 12%€04 1997 19 Ajolol] FAtAI 9] 8}
FE AN ATEL e T 2 FYsEE
T TWAZIAL SRR =9 AR sTiARE AR
o Z} gxle] AF & Eu(Toner), o] Eo]x
(Moisturizer), AA#(Concealer), &-FH|o]4(Foun-
dation, ivory-yellow), paptd 3]-—?—E1(Compa§t powder,
ivory-yellow), 8 Z2HLip color, red, brown), ofo| Al
%-(Eye shadow, red, brwon, dark green), ¢}°]g}o]
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Ul(Bye liner, black)}S APo/FoZste] Al o}
£ 3AFA AE(Chromium), H(Lead), I7HMan-
ganese), UZ(Nickel), T2l (Copper), BhHE{Va-
nadium)®] & Z3 7 34 2 FAEE, SHHE &
=9, AzsApE, AApEE d|ws] Eo2M, ofd &
8 Fole 712 ARE AFHAA £ 72 A
et

I Ade g3 2

L 24E A sEY FES s=E IAF
242glg, H 0.82ugfy Ut 449uglg, YA
1.69glg, T 0.53ugfg, BIAE 0.51g/g0 2 &
A =AM, By Afe 2R Y w2
20ug/g B} R FEXE B}

2. A SPEoll A vhu TR0t FUERT
ERTHp(0.05).

3. HES &5 wE F55 FEE 4R
T AolE B oH(p0.01), oloAES
(Eye shadow)ollX] ZE(14.96uglg), T1(1.328
/), vhE(1.28,g/g) T121 2L UA(8.30ug/g)0] 7}
& ¥ 558 HYon, AH 3-9T(Compact
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liner)ol A= B$7H90.6218/8)0) 7V H& FEE
LA =

4. 3PFE AP TS5 FRT FAT Aol
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