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Abstract

Overseas direct purchase of cosmetics has increased annually in Korea, especially for color
cosmetics such as eyeshadows. Recent reports of heavy metal contamination exceeding Korean
regulatory standards in eyeshadows from low-cost online platforms have raised major safety
concerns. This study aimed to monitor heavy metals in overseas direct purchase eyeshadows and
provide baseline data to inform consumer choice and support safety management of hazardous
products. A total of 144 eyeshadow samples purchased from low-cost overseas direct purchase
platforms were analyzed for nine heavy metals (Pb, Ni, As, Hg, Sb, Cd, Cu, Co, Cr). Samples were
classified by color group, lightness, undertone, texture, and finish type, and compared using Welch
ANOVA with Games—Howell post-hoc tests. Detection rates exceeded 98.6% for Pb, Ni, and As.
Exceedance of Korean regulatory standards occurred in 4.9% of samples for Pb (maximum 36.86 ug/g,
1.8-fold), 11.1% for As (maximum 23.05 pg/g, 2.3-fold), and 0.7% for Sb (maximum 89.88 ng/g,
9.0-fold). Among the 24 samples exceeding the limits, 20 were matte pressed powders, 3 were matte
creams, and 1 was a glitter pressed powder, indicating that exceedance cases were concentrated in
matte finishes and pressed powder textures. Among the five classification systems, finish type and
texture appeared to account for the largest differences in heavy metal contents in this study, while
lishtness showed moderate effects for some metals (e.g., Ni, Co, Cr) and color group and undertone
generally had smaller effects. Further research with broader brands and product ranges is needed
to confirm these patterns.
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Table 1. Classification of 144 eyeshadow samples by product format, texture, finish type, color group,
lightness and undertone

Category Subcategory (Description) n
Product Format Palette 120
Stick 12

Liquid Applicator 9

Pot 3

Total 144

Texture Pressed Powder 120
Cream 15

Liquid 9

Total 144

Finsh Type Matte 95
Pearl 45

Glitter 4

Total 144

Color group Group 1 (White/Cream) 5
Group 2 (Beige/Champagne) 25

Group 3 (Brown/Taupe) 37

Group 4 (Pink/Rose/Mauve) 32

Group 5 (Red/Burgundy) 2

Group 6 (Orange/Coral/Peach) 7

Group 7 (Yellow/Gold/Bronze/Copper) 17

Group 8 (Green/QOlive/Mint) 9

Group 9 (Blue/Teal) 9

Group 10 (Grey/Black/Silver) 1

Total 144

Lightness Very Light 24
Light 52

Medium 52

Dark 16

Very Dark 0

Total 144

Undertone Warm 51
Neutral 68

Cool 25

Total 144
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Table 2. Instrumental parameters of ICP-MS spectrometer

Parameter Pb Ni As Sb Cd Cu Co Cr
Mass 208.0 59.9 90.9 120.9 110.9 62.9 58.9 51.9
Plasma gas flow (L/min) 15
Auxiliary gas flow (L/min) 1.2
Nebulizer gas flow (L/min) 0.92
RF power (W) 1600
Analog stage voltage (V) -1950
Pulse stage voltage (V) 1000

Table 3. The atomize method setting of mercury analyzer

Atomize method setting

Heat temp. Flow Heat time Slope time Start duty Max Duty
(9 (L/min) (s) (s) (%) (%)
Dry 0 0.00 0 0 0 0
Ist Decomposition 180 0.40 120 120 5 10
2nd Decomposition 850 0.40 120 30 10 100
3rd Decomposition 0 0.00 0 0 0 0
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exceedance rates of nine heavy metals in eyeshadow samples (n=144).
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detation rate and

Pb Ni As Hg Sb Cd Cu Co Cr

Concentration 4, 151 3.328 3. Ei22 0.303 O.iZ? 0. £16 1414._027 2.3;_06 7.264

(ve/8) 6874 380 515 0008 7490  0.184 543528 3739  8.494
Median (ug/g) 2.411 2.795 1.419 0.001 0.000 0.027 2.361 0.978 5.218
Detection Range N.~D. O.gll N;D. N;D. N.ND. N.ND. 0.966 N.ND. O.?:Z7
(ne/e) 36.861 27.274  23.045 0.094 89.884 0.826  3686.238 23.743  73.623
Detection Rate 99.3 100.0 98.6 31.9 1.4 44 4 100.0 98.6 100.0
(%:; n) (143) (144) (142) (46) (2) (64) (144) (142) (144)
EXCQG;?,Z?E? Rate 497 00(0) 111(16) 00(0) 0.7(1) 000 - - -
Table 5. Samples Exceeding the Regulatory Limit for Heavy Metals (n = 24)

Sal\llilfle I-I\Ife:‘a’ly C((:l I;;zltgﬁgn Color Group Lightness Undertone Texture F,Il,ny;seh
S012 As 12.805 (10) G4 (Pink/Rose/Mauve) Light Cool Powder Matte
S015 Pb 34.998 (20) G3 (Brown/Taupe) Dark Neutral Powder Matte
S018 Pb 36.861 (20) G8 (Green/Olive/Mint) Dark Neutral Powder Matte
S028 Pb 22.623 (20) G8 (Green/Olive/Mint) Medium Warm Powder Matte
S029 Pb 25.179 (20) G8 (Green/Olive/Mint) Dark Warm Powder Matte
S055 As 12.689 (10) G6 (Orange/Coral/Peach) Light Warm Cream Matte
S056 As 16.290 (10) Gl (White/Cream) Very Light  Neutral Cream Matte
S058 As 13.197 (10) G4 (Pink/Rose/Mauve) Light Cool Cream Matte
S077 As 16.630 (10) G2 (Beige/Champagne) Very Light  Neutral Powder Matte
S078 As 19.811 (10) G2 (Beige/Champagne) Very Light Warm Powder Matte
S079 As 23.045 (10) G4 (Pink/Rose/Mauve) Light Neutral Powder Matte
S080 As 19.896 (10) G3 (Brown/Taupe) Light Neutral Powder Matte
S082 As 20.489 (10) G2 (Beige/Champagne) Very Light  Neutral Powder Matte
S083 As 13.743 (10) G2 (Beige/Champagne) Very Light  Neutral Powder Matte
S084 As 18.032 (10) G4 (Pink/Rose/Mauve) Light Neutral Powder Matte
S085 As 18.991 (10) G4 (Pink/Rose/Mauve) Light Neutral Powder Matte
S086 As 16.776 (10) G3 (Brown/Taupe) Medium Neutral Powder Matte
S088 As 11.127 (10) G2 (Beige/Champagne) Very Light  Neutral Powder Matte
S092 As 13.323 (10) G2 (Beige/Champagne) Light Neutral Powder Matte
S095 As 11.978 (10) Gl (White/Cream) Very Light  Neutral Powder Matte
S100 Pb 28.725 (20) G2 (Beige/Champagne) Medium Neutral Powder Matte
S101 Pb 35.459 (20) G3 (Brown/Taupe) Medium Neutral Powder Matte
S102 Pb 22.423 (20) G3 (Brown/Taupe) Dark Neutral Powder Matte
S104 Sb 89.884 (10) Gl (White/Cream) Very Light  Neutral Powder Glitter

* Powder in this table refers to pressed-powder textures (compressed powder eyeshadows).
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Table 6. Mean concentrations (£SD) of heavy metals with regulatory limits (Pb, Ni, As, Hg, Sb, Cd) by
color group in 144 eyeshadow samples

Color group n Pb (ng/g) Ni (pg/g) As (pg/g) Hg (ng/g) Sb (ng/g) Cd (ng/g)

Growp 1 = 2.252 1.493 5.837 0.002 17.977 0.124
+ 3.342 + 1.328 + 7.732 + 0.004 + 40.197 + 0.159

Group 2 95 6.057 3.004 5.846 0.004 0.018 0.181
+ 6.924 + 2.138 + 6.727 + 0.005 + 0.089 + 0.232

Group 3 47 6.477 6.673 4.206 0.006 0.000 0.144
+ 8.672 + 5.475 + 4271 + 0.016 + 0.000 + 0.188

Group 4 3 2.672 2.675 3.584 0.002 0.000 0.121
+ 2.573 + 1.655 + 6.255 + 0.003 + 0.000 + 0.225

Group 5 2 1.741 3.570 1.675 0.003 0.000 0.028
+ 1.207 + 2.134 + 1.662 + 0.005 + 0.000 + 0.020

Group 6 ; 1.776 1.898 3.176 0.002 0.000 0.088
+ 1.531 + 0.888 + 4.616 + 0.002 + 0.000 + 0.135

Group 7 . 1.758 2.663 0.603 0.001 0.000 0.017
+ 1.537 + 2.237 + 0.482 + 0.001 + 0.000 + 0.014

Group 8 9 13.569 6.719 3.350 0.003 0.000 0.117
+ 12.063 + 4535 + 2.598 + 0.004 + 0.000 + 0.095

Group 9 9 3.141 2.520 1.100 0.003 0.000 0.030
+ 4.076 + 1.683 + 1.638 + 0.002 + 0.000 + 0.035

Group 10 ) 0.075 1.690 0.110 0.000 0.000 0.002
+ N.A. + N.A + N.A + N.A + N.A + N.A

* N.A.: Not Applicable (Sample size = 1)
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o7 0.050] =LA 2k TolE Ay
T 83 MAF 39 B et /1F A% AR 4
7} RS OhE AP o}, oS AR Ao
A TR R =2 =5 7HFsAdo] = Ho
ot
U 33k YT 3(Hete/E X Ag)u A
o 8(2™/Z2B/TE AQ)NAN 27 6.67
g/8(+5.47 pg/g). 6.72 ng/g(+4.54 ng/g)C = =
douy, AL 1,6, 7, 9914= 1.5~2.7 pg/g H
2ol *o £~& 8 HITKTable 6, Figure 1B).
Figure 1BO|A] M/ 33} 82 4t AFEH
Wt e AMAZEG £3 oYAE ofp TR
ElQlon, Foigte Mt 3014 27.3 ng/g= o
FEOICE Welch 24 23 AT 7 U 2
Alol= 8ol om(F(8, 16.28) = 3.61, p
0.013), AFeA7gollA Mg 32 AT 1, 2, 4,
6. 7, 99t Rolst Afo]& Htp = 0.015]. o]+
BHeotp/Ex AlE AlgoflA YA ghedo] thE o
ASTET AAEA = HERG S-S 2jo]sit.
B0 S AT 1(3tolE/T AL A
A 2(H0]R /g QL AlG)olA Z2ZE 5.84
8/8(+7.73 pg/g). 5.85 ng/g(+6.73 ng/g)2= =

)

Table 7. Mean concentrations (£SD) of heavy metals without specific regulatory limits (Cu, Co, Cr) by

color group in 144 eyeshadow samples

Color group n Cu (pg/8) Co (ng/8) Cr (ng/g)
Group 1 0.675 + 0.863 0.503 + 0.526 2.130 + 2.224
Group 2 25 5.016 + 8.256 1.206 + 1.023 5.633 + 3.751
Group 3 37 6.737 + 10.270 5.533 + 5.831 8.546 + 12.736
Group 4 32 13.739 + 32.109 0.918 + 0.792 5.483 + 3.318
Group 5 2 9.746 + 3.386 1.297 + 0.981 13.806 + 10.714
Group 6 7 2.234 + 2.302 0.616 + 0.275 5.091 + 3.117
Group 7 17 7.413 + 15.456 0.772 + 0.627 6.478 + 7.981
Group 8 9 1364.600 + 1183.148 4.223 + 3.534 16.775 + 11.588
Group 9 9 782.966 + 1203.295 0.780 + 0.946 5.373 + 4.284
Group 10 1 0.904 + N.A 0.165 + N.A 1.353 + N.A

* N.A.: Not Applicable (Sample size = 1)



U, AT N(BR/EE/BEE/IANY AB)S
0.60 pg/g(£0.48 ng/g)oz It Table 6,
Figure 1C). Figure 1CoA] AiAr 13} 2= o]Af
A7t o HAEQI oW, FOigie A 4(8 3

2x/88 AF)oA 23.0 pg/g= UEFHT H|A
INEAT 1671 5 uto] AT 17} 20 RE3HG
I, AT 2% A 71E R AR 25.0%(6/24)
= RHX|5tCHTable 5). Welch A7 Aut AlARE
2 ule @ Aol ROlsigoni(re, 15.39) -
5.77, p = 0.002), AtEAX0A Mg I(EF2/E
A= ALy 35§15 eitkp - 0.031)
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sielzl OlolME HEL FF4 2F AEf A+ 9

ol2{gt Aij= gtolE/FY U H|o]X]/Akw 1 AE
Algof|A Hla Stedo] JoiAor =7 UEHZ=
HojRrn, o] Mo 2 AREE= AeHE, E
Bty dsAtolE, A 22 5 0UZE A tso
dl47} 2ege EaE 4 ook Ae wael o
=g o] g9,

Fle g sleko Mo g Uoron] AMARL 2|
O[A] /AR AIE)7F 0.18 pg/g(+£0.23 pg/g)o=
7V w0 YT N(AR/EE/BER/ATE AD)
o] 0.017 pg/g(£0.014 pg/g)o=z 7Hg FUch
(Table 6, Figure 1F). Figure 1FojJA] AAkit 2, 3,
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40| A O RZ7F AR AL, BTG A 4(A
2/5E/8Ex/31 AF)oIA 0.83 ng/g= LEL
ot Welch 27 2y} AW 2 7teg &5 A

O]= 90J51¥ O H(F(8, 16.16) = 4.79, p = 0.004),
APS A OA] AT 2= AR THRE RS
E=A4tHp = 0.037). BH 5=+ 51&7]&(5 ne/s)
Hot Z25] ZFokou, wo]x] /ARl AlBolA 7t
Egol Judes =2 = Bt

S g2 Ze AgolA 0.001~0.006 pg/g
U2 O 2ok, A4St 3(Bete/Ex AlE)Y
= #0] 0.0055 pg/g(+0.016 ng/g)o.2 7+ =9
CHTable 6, Figure 1D). Figure 1Doj|A] At 3
ofl Al o] X7t WA= Qlon, Tt 0.094 ng/g
o|ltt. Welch A7 Axt AT 1 2 o =F A}

o)== S9J5}9 1 (F(8, 15.31) = 4.19, p = 0008) A
B AT oA Selst A o)zt W
L, B& o] 51871%(1 ng/gle A %Ulﬂt
472 Bt
QFE] 22 A 1(3to]E/F™Y AIR)oNA B+t
18.0 pg/g(+40.2 pg/g)oz H&H WHH, Myt
3~oA= B EAZo|9itHTable 6, Figure
:_.g 100 v’ 024* I
3
10 é | é
; = ? :144_
61 G2 63 G4 G5 GE GF GE GI GI0
Color Group
:_g 40
G 12
D Sd % % @ é

G1 G2
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Figure 2. Boxplots of color-group-specific concentrations of heavy metals without specific regulatory
limits in 144 eyeshadow samples. (A) Cu;

B 72

g/8(£1203.3 g
W AR l(i}

O
T (o] s
2 AYZ 7 BE At

A2ATHp = 0.966). AAHO=Z Q2 2HL

|= A 19] $F A2 0|4 89.9 ng/gol A
gro|nf, FA] AL 2(Ho] K]/ Ak
|2)e] st Al=oflA 0.446 ug/goi bl

Table 5). &Ato] 091 .F0] EJH—OE]H Welch
? AFAYOINE AT 1
gARo=z golst

SR 1ok,
]_

AN

AE

E/3d AG) 6(AMA]/ZZ
x| AE) 22 0.67 pg/g(+0.86 pg/g), 2.23 n
8/8(+2.30 pg/g) 2 FIt}. Figure 2A0(4 A

N2 89 9% Fgol 2

Co (uglg)
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o] o =
==} é = B = = =
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(B) Co; (C) Cr.

S5 AlRoflA

)E 783.0 p
g/g)02 %o 25 Uerr. 1
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pg/g SFOE =1



ARE e "7 Hon, AgT 89 A|oigh
3663.5 pg/gofl 23Tt Welch A7 Ayt A
e Aol FsHR(F(8, 17.69) =
5.35, p = 0.002), AFeAGol A A 12 Al
3B/ AYET [oYsHAl FUutHp =
0.029). o]} &2 T1H-3F AlGoMY =2 F2
s ol Al WA ] mEEAohd 5
A etast Al gchke AS v o, o2igt
Otmof mEH 2] S vhgst 29 4+ Qo
AT 8t 99] Wt gheo] thE AALo] Y]
off 450 QoL OF W BEEHAPT 0 AA
Ojfwo] A8 v woM= AR Fo/do] =25t
Al 334cHp > 0.05). o= I1H-&F A€ A8 Y
oM La] gl 2 Afol7t EANSHH, M-S
Ash= A Qt=o] ARE of Bof ALEEFO] AR
o] o 5 QJSS UER

FTE ghf GA] A 7F Rolgt Afolg B9
CHTable 7, Figure 2B). AN 3(Het/EX 7
d)o] Yo FLE FF2 553 pg/g(+5.83 pg/g)
o= IV =, AT 8(2H/22B/RIE A
F)2 4.22 png/g(+3.53 pg/g)o 2 F Hml2 =9k
of. A= 1,6, 7, 9= 0.5~1.3 pg/g HY=E I
0] Qitt. Figure 2Boj|A] MAF 31t 82 o] AFR]
7t Tha HAE QI OT, AT 39] AT 23.7 1
g/g= UEITE Welch A7 Ayt At IF 3
E gteF Rfol= Q9ol5t9 1(F(8, 16.42) = 4.16, p
= 0.007), AFS Aol A AT 32 AG 1, 2, 4,
6. 7. 92} Rolgt Afo]E B p < 0.002]. o]=
Hepp/En AlG AgoA IHE JFo] O o
2 AT ED AdHEA =SS Qulsitt

3= E‘éll-E'é]ZQ J\H/\]-—_r’- Z_} 7‘(]—0]7}- J\Ptﬂ&lgi 75];9\)]:
1, Welch 474 23} SARCR FoJstA] &ttt
(F(8, 15.96) = 2.26, p = 0.079). MAFE 8(12l/&
2B/RE AF)el Hd FF T 168 n
g/8(+11.6 ng/g)2 = 7P =Qta, A+t 3(Ee)
+/Ex AG)= 8.5 ng/g(+12.7 pg/g)o= vl
A w=orom, MAMZL 1,2, 6, 7, 9= 2.1~6.5 pg/g
Holof] 2xstgcHTable 7, Figure 2C). Figure
2Co| M Mt 82 ZLUT AREH S WA =1
O A7 WA= oY, Welch A% 2} Mg
I AE FF Aol AACR [OJ5HA] kTt
(F(8, 15.96) = 2.26, p = 0.079). T}gF ABAFS- 89]
Fwo] o ATl vle] duEA =2 4T

~~

DO\'

K

a2zl olo|ME HEL 3% 2F HEf A 1

2 Hof, I AQ Al goA 2F Fo] dHiFe
2 F2 7 AUSS AARE

AMdeE S8 g9 +42 s, e,
g U2 A, IEE 5 AR S550] B MY
oA FHid o R 22 £F02 UELs TR0
UEEAM 53] 2-/2B/RE ¥ Bt/
Z AL A&oA gy AEE o] =1L
71E 2 AR HEEE 82, ol ATl
A Fad =200 dict 27t 2ags Alrkett

33. 9= 335 &%F

ofojMl = Al5E o e} 5%A|(Very Light,
Light, Medium, Dark, Very Dark)C. 2 E&35}o]
a5 g2 vl 245t A}, Very Darkoj &
Fote Alae oy o2 Za&0A Fe
U2 PF WY L I Pol] A Aol B
E]9itHTable 8, Table 9: Figure 3, Figure 4).
Welch 72A ZA3ab, d(Welch p = 0.048), y#
(Welch p < 0.001), 4t2](Welch p = 0.032), 2%
E(Welch p < 0.001), Z2(Welch p < 0.001)2] &
=7 7 B 534 Y Aol FAKOR gof
5ttt ¥rH H|A(Welch p = 0.155), 78
(Welch p = 0.055), £2(Welch p = 0.561)2 H &
2 7F 943 2ot ggic,

g9 gr Ha 2 Dark(10.30 ng/g
+12.73 pg/g) > Medium(4.81 pg/g +7.06 pg/g)
> Light(3.92 png/g +4.43 ug/g) > Very
Light(2.75 ng/g +2.64 pg/g) &0 =2, HE7} of
FHASE =oile AT= EMtHTable 8,
Figure 3A). Figure 3A0|A] Dark =& ALE
o 7 @ Fdigio] 36.9 pg/gE YERY,
& U WS40l 7} Welch 24 A7 & 7t
23 Aol 90J5t9OLHE(3, 50.49) = 2.83,
p = 0.048), A7 oAM= T2 A8 vl
A FolaE 0.050] = sHA] ZSitHp > 0.05]. ‘g
71E&x3 77 & 471(57.1%)0] Dark T E=Arofl A
WAsHe o 0], UtAl= Medium¥} Light &=+
of F&35t3AL Very Light B =wl|A & 7|& 20t
7 PREA] AotHTable 5).

yZo] grd P FF2 Dark(9.36 ng/g
+7.34 pg/g) > Medium(3.99 pg/g +2.89 nug/g)
> Light(3.07 ng/g +2.03 ug/g) > Very
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Light(2.05 nug/g +1.43 pg/g) «°0|cHTable 8,
Figure 3B). Figure 3Boj|A] Dark ®HE+& &3k
O] =1 AREHS W7 Wolow, U 27.3
pg/go = WALEQILE Welch 7474 Ayt &= It
Uz et Aol ohg §9JstAn(R(3, 49.29) =
9.31, p < 0.001), A=A oA Dark HEF+&
Very Light(p = 0.006) & Medium(p = 0.050)x},
Medium =2 Very Lighte} Zi2F J-0]gt &}o]
£ H9tHp < 0.050].

vl Aol e g a2 Very Light(5.59 n
g/g £7.19 pg/g). Light(4.01 ng/g +5.98 ng/g).
Dark(2.73 nug/g +2.47 ug/g), Medium(2.60 p
g/g £3.22 pg/g) « 02, Yrrl oA LE
Ask= 43S HSItHTable 8, Figure 3C).
Figure 3CoJA] Light HE=F-2 Z|tjgto] 23.0 p
8/e% LHEHY 7152 2ot AlB2 EaetL 9l
AL, Medium B Etof| A = of2f o] FR|7} AtE]
ATt 22y Welch 47 2t W= 1k v]4 o=f
Aol BAM O golstAl eoteHE(3, 53.75) -
1.82, p = 0.155).

ZIEF9 Hed 4 sHFS Very Light(0.168

neg/s +0.235 pg/g) > Dark(0.139 pg/g +0.195 p
g/g) > Light(0.133 pg/g +0.207 ng/g) >
Medium(0.066 pg/g +0.108 pg/g) <ot
(Table 8, Figure 3F). Figure 3F9|A] Very Light
o} Light Egtof|A o] &7} WAl o, Ao
W= Light =04 0.83 pg/g= UEIRL
Welch 27 A3 & It 7teg & Aol 79
L2zo 2R OLHE(3, 44.95) = 2.72, p = 0.055)
7Mooz Qojstalt gttt Al WER BE 7}
E& 55v 51871%(5 ng/g)= 3/ UIXIA] x5t

5

Wew ®@F slFS Dark 0.010 p
g/8(£0.023 nug/g), Medium 0.003 pg/g(£0.003
pg/g), Light 0.002 pg/g(+0.004 pg/g)., Very
Light 0.002 pg/g(+0.003 pg/g)o2, B &= HE
oA} 0.002~0.010 pg/g®] Oi-¢ > Hejof] Z=
53t Table 8, Figure 3D). Welch A& ZA1t ©
T P &2 AF Aole [QshA] A (F(S,
46.13) = 0.69, p = 0.561), ALEARNME Z=
A vl aof| A Rojgt xpo]7t IEEA] A p >
0.05].

Table 8. Mean concentrations (£SD) of heavy metals with regulatory limits (Pb, Ni, As, Hg, Sb, Cd) by

lightness in 144 eyeshadow samples

Lightness n Pb (ng/g) Ni (ng/g) As (ng/g) Hg (ng/g) Sb (ug/g) Cd (png/g)
Very Light o4 2.745 2.045 5.590 0.002 3.764 0.168
+ 2.638 + 1.427 + 7.190 + 0.003 + 18.344 + 0.235
Light 59 3.915 3.065 4.009 0.002 0.000 0.133
+ 4.431 + 2.028 + 5.980 + 0.004 + 0.000 + 0.207
Modium - 4.806 3.989 2.601 0.003 0.000 0.066
+ 7.057 + 2.893 + 3.216 + 0.003 + 0.000 + 0.108
Dark 16 10.296 9.355 2.732 0.010 0.000 0.139
+ 12.733 + 7.340 + 2.472 + 0.023 + 0.000 + 0.195

Very Dark 0 - -

Table 9. Mean concentrations (£SD) of heavy metals without specific regulatory limits (Cu, Co, Cr) by

lightness in 144 eyeshadow samples

Lightness n Cu (pg/g) Co (pg/g) Cr (pg/g)
Very Light 24 6.567 + 25.843 0.696 + 0.556 3.638 + 2.701
Light 52 18.603 + 66.518 1.294 + 1.049 5.368 + 3.152
Medium 52 252.241 + 703.777 2.678 + 3.419 7.149 + 6.115
Dark 16 379.149 + 965.414 6.965 + 7.580 18.413 + 18.547

Very Dark 0 -




QFE]Z2 Very Light g =of| A gt o 3.76 p
g/e(+18.34 pg/g)ler  HEFEHQL, Light,
Medium, Dark H & FojA= 2% B7425(0.000 p
g/g)0] %t Table 8, Figure 3E). o]= Very Light
Bree] & Al=ofA] 89.9 ng/gol AEH ol
Ao FFolH, YA Al goflMs AEEA] A%
CHTable 5). BAto] 091 I=o0] thaolA] Welch
AL pR8EAl Ak, A= Very
Lighte} T}2 @ =2 7+ Bd Alol= Qols}x] ook
CHp = 0.748).
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Figure 3. Boxplots of concentrations of heavy metals with regulatory limits by lightness category in
144 eyeshadow samples. (A) Pb; (B) Ni; (C) As; (D) Hg: (E) Sb; (F) Cd.
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> Light(1.29 ug/g +1.05 ug/g) > Very
Light(0.70 pg/g +0.56 pg/g) +2=2, F2jot &
Aol B0} ol 5842 Slete MEg Bt
(Table 9, Figure 4B). Figure 4BojjA] Dark H%T
T2 ZAU ol FR7 wo o, FOR2 23.7 u
g/g= YEIHTH Welch 47 Zit g= {F 3HE
sk Rpo|= Uf$- 895k 1(F(3, 50.35) = 11.57,
p < 0.001), AFeA7 oA Dark Pea2 Very
Light(p = 0.021), Light(p = 0.040)2.c} 8-0]5}7]
=9ro, Medium HE+ 9A] Very Light(p <
0.001), Light(p = 0.033)®c} 89J3HA =9ttHp
< 0.040].

220 WedW B UL Dar

a

k(18.41 ng/g
+18.55 pg/g), Medium(7.15 pg/g +6.12 ug/g).
Light(5.37 ng/g +3.15 pg/g), Very Light(3.64 n
g/g +2.70 pg/g) =22 JrIt olF&5F =of
MtHTable 9, Figure 4C). Figure 4Cof|A] Dark
P FYUT ARS WVt 1. A
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48.36) = 7.35, p < 0.001), AF=7AA A Dark ¥

T4 Medium BEE Very Light =Y ch
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age 9eil orgrs B Ul Slolt
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Figure 4. Boxplots of concentrations of heavy metals without specific regulatory limits by lightness
category in 144 eyeshadow samples. (A) Cu; (B) Co; (C) Cr.



YRz Bgole] 334 9L la L A,
of2] 324N ol G WP YY L LE PN

of] xfo]7} HAtE] 9t Table 10, Table 11; Figure
5, Figure 6). E¥ A8 EXxE= Warm 517§,
Neutral 6871}, Cool 257]2 BE 4 E24F0] 9
o], Welch AHEA (Welch ANOVA)1t
Games-Howell At&73A8 Agstgch 7 At
FH(Welch p = 0.034), UZA(Welch p = 0.020), 8]

l

A(Welch p = 0.004), 7F=g(Welch p = 0. 004),
i‘gz(Welch p < 0.001)= & 7t W 224 3
F Aol BAMo= gostan ww 4o
(Welch p = 0.062), #t2](Welch p = 0.519), 2&
(Welch p = 0.296)2 #-2J2F Afo]7} YERLIA] 912F
o ElE2 g 2dEHl A A4l At

o] I9ict.

g9 ¥ B+ &2 Neutral £o|lA 6.38 p
g/8(+8.53 ng/g)C 2 7P =9k, Warm & 3.19
ug/g(+£4.98 nug/g), Cool & 3.50 ug/g(+3.54 u
g/g) #0]9itHTable 10, Figure 5A). Figure HA
oAl Neutral =2 AbZ9l4 H7F @ At
36.9 ug/gle2 15 U wHzAo] IA UERITH
Welch 27d 23 & 7H g 3% Aol Relsige
0(F(2, 84.02) = 3.53, p = 0.034), At ofA
Neutral £& Warm 80} 80514 =9tHp =
0.032). & 71&x2 771 % 6%10] Neutral &, 171
o] Warm =0f &3 lof, Z=AF i oA 71

a2zl OlolME HEL FF4 2F AR A+ 15

&2 A7} Neutral £ F=2 FXsIATH
(Table 5).

U7 43S £ 7 BAROR §oft Alo 2 Lt
EPICH Neutral £9] H
/8(x4.6 1g/g)o= 7P woton, Warm 3.4
ng/s(£3.2 ng/g), Cool> 2.8 ng/g(+1.8 pg/g) &
o2 oM rHTable 10, Figure 5B). ¥tAZ=Z32
(Figure 5B)9|A] Neutral &2 z|tjglo] 27.3 ng/s
o=z WAEQOW O gAE T UERHT
Welch 778 A3t & F Y2 &= xjol= R2o|st
FOH(F(2, 88.37) = 4.08, p = 0.020), AtEZAA
(Games-Howell)oJ|A4] Neutral & Cool &3} &
olgt APo] & HTHp = 0.014).

H|A0] EdH H4 3FS Neutral & 5.18 p
g/g(+6.16 ng/g), Cool & 2.50 pg/g(+3.72
g/g), Warm = 2.10 ug/g(+3.49 ng/g) +olAtt
(Table 10, Figure 5C). Figure 5Coj|A] Neutral
£ o|yAI7} o TAkEI9lon, AlUghe 230
e/g2 UERITh Welch 217 23} £ 71 vla 8%
Atol= 89519 1 (F(2, 70.79) = 6.09, p = 0.004),
AtS AR oA Neutral £ Warm(p = 0.002)x}+
Cool(p = 0.035) EXC} W& Gol5A =gt ]
71Ex3 1670 5 447t Neutral £0f] 3
stof, 7]1&x1F AHI7E Neutral =of] JoiAlos
AEE= d7do] WL ITHTable 5). o]2{st ofj&d
< Neutral & Alg9] M4, £3] sto]E/I Y YU
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Table 10. Mean concentrations (£SD) of heavy metals with regulatory limits (Pb, Ni, As, Hg, Sb, Cd) b

undertone in 144 eyeshadow samples

Undertone n Pb (ng/8) Ni (ng/g) As (ng/g)  Hg (ng/s)  Sb (ug/g) Cd (ng/8)
Warm 51 3.189 3.441 2.096 0.002 0.009 0.060
+ 4.984 + 3.205 + 3.492 + 0.002 + 0.062 +0.122
Neutral 68 6.381 4.708 5.178 0.005 1.322 0.170
+ 8.527 + 4.582 + 6.161 + 0.012 + 10.900 + 0.221
Cool 05 3.502 2.799 2.504 0.002 0.000 0.080
+ 3.537 + 1.836 + 3.717 + 0.002 + 0.000 + 0.133

Table 11. Mean concentrations (£SD) of heavy metals without specific regulatory limits (Cu, Co, Cr) by

undertone in 144 eyeshadow samples

Undertone n Cu (pg/s) Co (pg/s) Cr (pg/g)
Warm 51 121.360 + 459.334 1.949 + 3.522 6.789 + 7.063
Neutral 68 99.292 + 488.893 3.089 + 4.337 7.826 + 10.451

Cool 25 294.666 + 789.348 0.904 + 0.933 5.553 + 4.101
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o] Al /2| Q1 71]%‘01]*1 AP, HEHg HSALo]
S A9 2R 5 U 7 otEUt 2 ALgE L,
ol sraol b4 Bagol 59T 4 ot Ha)
APOLE BATCHI,
2o0] B oy sheF2 Neutral £ 0.0049 p
g/8(£0.012 pug/g), Cool & 0.0024 nug/g(+0.002
ug/g), Warm £ 0.0017 pg/g(£0.002 ng/g)C.z2
2. 0.001~0.005 pg/g HHl sHFstAcHTable

10, Figure 5D). Figure 5DO|A] Neutral EojjA]

ORI} TAEAT HTIR 0.094 g/ Ued
SOl Welch ZolH £ 2t 22 ¥ Aol
fol2Fo =SR] QSkR(F(2, 74.83) = 2.89, p
= 0.062), A RNNE RE A vlRolq Rl

gt Alol7} LERIR] ergitip > 0.05].

7tego] E¥ it 2 Neutral & 0.170 p
g/e(+0.221 pg/g), Cool & 0.080 png/g(+£0.133 p
g/g). Warm & 0.060 pg/g(+0.122 ng/g) <013
THTable 10, Figure 5F). Figure 5Fof|A] Neutral
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Figure 5. Boxplots of concentrations of heavy metals with regulatory limits by undertone category in
144 eyeshadow samples. (A) Pb: (B) Ni; (C) As; (D) Hg: (E) Sb; (F) Cd.
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EoM= o2 oAt WAElon, FOigie
0.826 ng/g= UERTE Welch 274 Zxt & IF 7}
g odF Aole RS CH(F(2, 70.14) =
6.10, p = 0.004), At=ZAAol|4 Neutral £
Warm E80} 290514 =ri(p = 0.002), Cool
il A 59 xolE EAJtkp = 0.051). &

=4 7tEF s=v 51871&(05 ng/g)= 37
Hes 252 UEIS

el &8 Hyt 2 Neutral Eo|ATH
1.32 ng/g(+10.90 pg/g)o.2 UerG1, Warm &
0.009 pg/g(+0.062 png/g)xt Cool & 0.000 pg/g
01]/\1‘— 79 AELX] AQktHTable 10, Figure

5E). o]= Neutral £0of &5t &+ A|20]|A] 89.88
ne/eol &2 5=k A% oyl Yaoln, Lt
o] Al ROAE ChRE 7 Z0| 9k Table 5). &
A PEO) A Welch AR AR Aaks
Agsos siaElojor o], AAEoR QElE
oee =4 Al 2std Zog wolr}

7ol ggre EWe vl Ak Cool £9) B
T2 FFE 294.7 ng/g(+789.3 ng/g)o 2 7P
=otom, Warm& 121.4 ng/g(+459.3 ug/g),
Neutral2 99.3 pg/g(+488.9 pg/g) <ot
(Table 11, Figure 6A). Figure 6A%A] Cool &
Z|tfigto] 3686.2 pg/goll ol=2i1 ARES W7t
Hol 25 W ¥sAdo] m¢ o 224 Welch
A7 At & 1 A2 & Aol [FoshA] ke
H(F(2, 57.67) = 0.66, p = 0.519), AIZ AR A =

= 88 "o RoJgt xfolrt HWAE|A] Ak
TtHp > 0.05].

FYtEOo] EY mil ek Neutral & 3.09 p
g/g(+4.34 pg/g), Warm £ 1.95 pg/g(£3.52 p
g/g). Cool = 0.90 pg/g(+0.93 ng/g) oIt
(Table 11, Figure 6B). Figure 6BofA] Neutral
E2 ol gRlE AL 9lglon, Aoige 23.7
g/e= UEHTH Welch 247 Za} & It IUE oF
2 xfolt Oje olst w(F(2, 89.71) = 8.77, p

< 0.001), AF=7AA oA Neutral & Cool EX T}
9051 £9THp = 0.001),
F29] B o S Neutral & 7.83 p

g/e(+10.45 pg/g), Warm & 6.79 ug/g(+£7.06 p
g/g). Cool & 5.55 pg/g(+4.10 pg/g)oll o
(Table 11, Figure 6C), Neutral Eoj|A] &7t
A4 WePt FUROR o PP BArh

ezl OlIME HE2 34 2F AEf A 17

J2y Welch 874 23 & P 38 & Afol=
LOJ5LA] 4oFa(F(2, 88.44) = 1.23, p = 0.296),
AP Ao = Fof gt A8 Afol= LERLA] ok
Hp > 0.05].

=3 7:‘4— 08 5}, Neutral oA &, U7,
v, 7l=g, IYLEQ HF gFPo] Warm X
Cool EED} D}/\ =0 7o 2 UJeltol} olzist
= P 525 999 Aol= I8 S50 sEE

91913 AWHA Sl Atolo] Zv]w x| Poich. o2

35 AYE 34 I

ofolMiE AlgE AP Tt AFIHHI
(Pressed Powder), F™d&(Cream), A&
(Liquid)9] 37HK|2 2&/ste a5 I vl
A Aut, giR2e Fa50A AP Ut Hd 2
TR om0 FHeE Apolrt AT
(Table 12, Table 13: Figure 7, Figure 8). A&
Algo] e GETFEF 1207, 2HY 1571, o
AP M= B2 5 SFJ(ZA 13.34) xfof)o] &
Zrlo], Welch EAREA(Welch ANOVA)ut
Games-Howell A2 7AXLS A L5t O At
ZFH(Welch p < 0.001), YZA(Welch p < 0.001), v]
A(Welch p < 0.001), 2~2(Welch p = 0.001), 7}
H(Welch p < 0.001), 7t2](Welch p = 0.012),
9FE(Welch p = 0.027), Z&(Welch p < 0.001)
AY 7 BE F34 A Aot EAH 02 of
golsteint. yhel olEjRe iRy 2AEE ol

g9 AYPE g I % AHIEHY 547 n
8/8(+7.28 ng/g), 1HF 1.26 ng/g(+2.23 pg/s),
WA 0.94 pg/g(£0.72 pg/g) w22 YEILH
oA 75 %%E}(Table 12, Figure 7A). Figure
TAOA AFTHREF 2 AR W7 | 2o
Wol 36.9 pg/s= OIFR7F T WAEQIG
Welch 27 23 Al 7t d &= Afol= 2 &
ol5tA 1 (F(2, 39.64) = 20.29, p < 0.001), At=.H
oA FETT P 2HP(p < 0.001)2} AA|
P(p < 0.001) RRET} RO =9 & 7%
ZF 771 B AETHC P oA T WAESH L,
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SPR AAFOIAE JIEEY AP BEEA U AP R S YETHTF 4.40 p
A9ITHTable 5). ol YETLEY AP0l F 7l e/g(+3.99 ue/e). AP 1.80 ug/s(+1.41 pg/s).
Fxut 93 Bo] 92 /HsHS AR 2UF 140 pe/e(1.07 pe/e) 2o0l%ckTable

Table 12. Mean concentrations (£SD) of heavy metals with regulatory limits (Pb, Ni, As, Hg, Sb, Cd) by
texture in 144 eyeshadow samples

Texture n Pb (ng/g) Ni (pg/g) As (pg/g) Hg (ng/g) Sb (ng/g) Cd (pg/s)

Pressed 120 5.473 4.403 3.747 0.004 0.753 0.124
Powder + 7.281 + 3.987 + 5.255 + 0.009 + 8.205 + 0.190
Cream 15 1.256 1.404 4.088 0.000 0.000 0.108
+ 2.226 + 1.066 + 5.642 + 0.000 + 0.000 + 0.182
Liquid 9 0.943 1.797 1.179 0.001 0.000 0.018
+ 0.716 + 1.411 + 1.048 + 0.002 + 0.000 + 0.021

Table 13. Mean concentrations (£SD) of heavy metals without specific regulatory limits (Cu, Co, Cr) by
texture in 144 eyeshadow samples

Texture n Cu (ng/g) Co (ng/s) Cr (ng/s)
Pressed Powder 120 168.503 + 591.971 2.528 + 4.016 8.039 + 8.949
Cream 15 4272 + '7.324 1.038 + 1.532 2.563 + 2.485
Liquid 9 2.600 £ 1.589 1.446 + 1.095 1.561 + 1.143
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Figure 7. Boxplots of concentrations of heavy metals with regulatory limits by texture category in 144
eyeshadow samples. (A) Pb: (B) Ni; (C) As; (D) Hg: (E) Sh: (F) Cd. In this figure, ‘Powder’ refers to
pressed powder textures.



12, Figure 7B). Figure 7BoJA] ¢&}C L &
guol =i oA wEEon, O
27.3 pg/go = UERIT Welch 7474 Zut A3
7t YA 3keF zlol= mfQ Q0|st 1 (F(2, 25.47)
= 21.93, p < 0.001), ALS AR A GHueEF S
AP (p < 0.001)1} AAF(p = 0.017) LFHT}
A =ut.

Ao AFE o T
g/8(+5.64 pg/g). %’Jéﬂ%ﬂ% 3.75 pg/g(+5.26
ug/g), MR 1.18 pg/g(+1.05 ng/g) £o= N
AEolA 7P e EJr(Table 12, Figure 7C).
Figure 7ColA AEd1} FHTHQTY 25 o)t
R7F WREII AL, I3 9] 2|32 23.0 pg/goll
LIoliny. Welch 474 23 AlF It vl &%
Apol= Of-2 F2Jst 2 H(F(2, 30.58) = 10.07, p
< 0.001), AFEA7golA FFIFSHP THFLS
25 AHFET FolstAl =dTHZZ p = 0.003).
A 71827 16712 OiEE 45T FA.
AH = FTHFoA AR, BHPoA = 7%
Z3F AfI7F @l TH(Table 5). o]=2igt Aut= & A
TollA AAY AFQ] BlA 7IERY 7HsAdo] o
2 Aol vlsh Htidoz Fr2-S Boj&rh

29 AlgE FHd dF2 IFTHY 0.004
ug/g(+0.009 nug/g), WA 0.001 pg/g(+0.002 p
g/g). A8F 0.000 ng/gC =, & AlPolA A
=T 0% EQttHTable 12, Figure 7D). Figure
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g/g), AA|F 0.018 pg/g(+0.021 pg/g) 02 o
AEoA 7 Ikt Table 12, Figure 7F).
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el 22 IHF I} AAPoA BT EFECIN
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0ol =2 BFHA: ©Y AlRoA 544
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Figure 8. Boxplots of concentrations of heavy metals without specific regulatory limits by texure
category in 144 eyeshadow samples. (A) Cu; (B) Co: (C) Cr. In this figure, ‘Powder’ refers to pressed
powder textures.
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OfOJ AL Al % E(Finish type)ol] wha} 233
(Matte), B(Pearl), 22]E|(Glitter)2] 37Ix]2 22
sto] 24 slerS vy BAsH Anp Aol nE
Fa504 Felol wje B saro] T Afo]

71 A& E|9tHTable 14, Table 15: Figure 9,
Figure 10). =i /\]g VgL o 957 = 45

AN, =2H 47HE B2 4 o J(E 248] xpo])

Table 14. Mean concentrations (£SD) of heavy metals with regulatory limits (Pb, Ni, As, Hg, Sb, Cd) by

finish type in 144 eyeshadow samples

Finsh Type n Pb (ng/g) Ni (ng/g) As (ng/g) Hg (ng/g) Sb (ng/g) Cd (pg/g)
Vatte 95 6.477 4.837 5.277 0.005 0.000 0.169

+ 7.863 + 4.273 + 5.675 + 0.010 + 0.000 + 0.208
Pearl 45 1.519 2.295 0.428 0.001 0.000 0.014

+ 1.560 + 1.715 + 0.406 + 0.001 + 0.000 + 0.013
Glitter A 0.098 0.712 0.250 0.000 22.582 0.003

+ 0.086 + 0.668 + 0.264 + 0.000 + 44.868 + 0.002

Table 15. Mean concentrations (£SD) of heavy metals without specific regulatory limits (Cu, Co, Cr) by

finish type in 144 eyeshadow samples

Finsh Type n Cu (pg/8g) Co (ng/8) Cr (ng/8)
Matte 95 152.896 + 548.909 3.177 + 4.341 8.141 + 9.595
Pearl 45 127.554 + 560.689 0.642 + 0.579 5.266 + 5.417
Glitter 4 10.681 + 20.573 0.323 + 0.224 1.707 + 0.554




o] #iE]o], Welch 2424 (Welch ANOVA)x}
Games-Howell AtSAAS A&stct 7 ZAxt,
FH(Welch p < 0.001), UZ(Welch p < 0.001), ]
A(Welch p < 0.001), £~&(Welch p < 0.001), 7}
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H9HE (Welch p < 0.001), 2&(Welch p < 0.001)
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= 48.39, p < 0.001), AtEA% oA 32 H(p <

S22l oAM= HEFL FF4 2 HEf F7 21

oM Z1EZD AR} BAE A 2otk ol &
F ool |FEAe} B3] AL THsAS AL
gt

Uzo] W ke 2 4.84 ug/g(+4.27 ¢
g/g). B 2.30 pg/g(+£1.72 ng/g). =228 0.71 p
8/8(+0.67 pg/g) =02 GA| BZolA 7P =%
CHTable 14, Figure 9B). Figure 9Boj|A|] £4-2
SU0] =1L ORI ofp WAEQlon, |O]
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Figure 9. Boxplots of concentrations of heavy metals with regulatory limits by finish type category in

144 eyeshadow samples. (A) Pb: (B

Ni; (C) As: (D) Hg: (E) Sb: (F) Cd.
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Table 16. Ranking of Classification Factors by Influence on Heavy Metal Contents Based on F-values

Heavy Metal Color Group Lightness Undertone Texture Finish Type Dominant Factor
Pb 2.77 2.83 3.53 20.29 48.39 Finish type
Ni 3.61 9.31 4.08 21.93 26.85 Finish type
As 5.77 1.82 6.09 10.07 33.57 Finish type
Hg 4.19 0.69 2.89 11.22 18.91 Finish type
Ccd 4.79 2.72 6.10 17.02 42.52 Finish type
Cu 5.35 3.18 0.66 4.98 3.94 Color group
Co 4.16 11.57 8.77 4.10 19.18 Finish type
Cr 2.26 7.35 1.23 25.43 26.14 Finish type
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