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ABSTRACT

Objectives: The hazardous heavy metal contents of cosmetics were investigated and the resulting values were
compared by type of cosmetics: skin care preparations (SCP), hair preparations (HP), makeup preparations (MP),
and eye makeup preparations (EMP).

Methods: The hazardous heavy metal contents (Pb, As, Cd, Sb, Ni and Hg) were analyzed for 358 cosmetics
products (187 SCP, 82 HP, 56 MP, and 33 EMP). Hg was measured by the amalgamation method, and other
hazardous heavy metals were measured by inductively coupled plasma optical emission spectrometer (ICP-OES)
after decomposition using the microwave method.

Results: The mean contents of Pb, As, Cd, Sb, Ni, and Hg in cosmetics were 0.424, 0.068, 0.024, 0.398, 0.567
weg, and Not Detected, respectively. All of the hazardous heavy metals were detected in most products, but below
the recommended maximums of the Ministry of Food and Drug Safety. The level of Cd was the lowest at 14.8%,
and Sb was the highest at 41.2%. Pb, Sb and Ni showed the highest mean value and detection rate in EMP. As,
Cd, and Hg showed the highest in SCP, HP, and MP, respectively.

Conclusion: Hazardous heavy metals were detected in most products. In particular, Pb, Sb, and Ni were broadly
detected in EMP, meaning more stringent quality control is required.

Key words: Hazardous heavy metal, cosmetic, ICP-OES, amalgamation method
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Table 1. The number cosmetics by type used in experiment
Cosmetics type 2014 2015 2016 2017 Total
face lotions 20 18 20 15
Skin Care Preparations essense, oil 11 9 10 10 187
cream, lotion 21 18 20 15
hair conditioners 6 8 7 6
Hair Preparations ha?r tonies . 3 3 3 2 82
hair cream (lotion) 4 5 3 3
shampoo, rinse 7 9 7 6
face powder (cakes) 2 1 2 5
Makeup Preparations lipstick, lip liner 8 6 8 14 56
lip gloss (balm) 1 1 2 6
eyebrow pencil 4 2 6 6
. eye liner 0 0 1 1
Eye Makeup Preparations 33
eye shadow 2 1 1 2
mascara 1 0 3 3
Number of samples 90 81 93 94 358
HI7F S7FekL Sl AlES SACE isky, tid 3. AE7P|
E 9l RE AfA A e ) E 71ZsPd g, HlA, TRER, QR 9 YAe vlo]az o]
& 1874, T 824, A 348 564, = S B(MARS X traction, CEM, USAYE AMg-ste] 2

& AFERF 3372 ez 2AF A7 sileh o

SPgEe) WE 8 S ® )5S 1 BRE Table
13 2o i A Ee polE SREe Axe)
5 sl ABHow PaHd.

2. MY R EEE

Nitric acid (Junsei Chemical Co., Ltd. Japan),
Hydrochloric acid (Daejung chemicals & Metals
Co., Ltd., Korea) ¥ Sulfuric acid (Daejung chemicals
& Metals Co., Ltd., Korea)= 3 55585 A
g3l oen, F7F5E MilliporeAlte] 2 =543
(Milli-Q Direct 16 system, Darmstadt, Germany)=
Alzg A 3t 182 MQ o3l BAIFE AR
o} 48 93 #5892 Quality control standard
21 (As, Be, Ca, Cd, Co, Cr, Cu, Fe, Li, Mg, Mn,
Mo, Ni, Pb, Sb, Se, Sr, Ti, Tl, V, Zn 100 ug/mL,
Perkin Elmer, USA)3} Hg (1000 mg/L, Perkin
Elmer, USAYS ARE3lden 3l A5S <3l
ERA ETAZEZ (A Waters Company, P255-500)
= ARt
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Al sielen, 2 AP ICP-OES (Optima
8300 DV, Perkin Elmer, USA)E AF&-3le &4 3}
Gt} oo 212 7](DMA-80 Direct Mercury
Atomizer, MILESTONE S&T Co., Ltd., USAYE A}
L3519tk B 2712 Table 29} 7t}

4. MY

4.1. N9 HAE

Falds k7l Bol & 4,0 9A o,
HA, F1Eg, QFElE 9 U] AXEle FA

Z2}= w23 7|(ICP-OES:  Inductively Coupled
Plasma-Optical Emission Spectrometer)& ©]-&3}=

el weh A9 ARE PolZZe0)DE Vessel
of ¢F 02g A% Fstd 24 TmL, 94 2mL %
2k 1mLE 7HE & HoodolAl 16A17F o2 w4
St olef o] duliLslE 3 § AEE Hlol2
2elo]BR 2027k Eallsidith o] ds FHRFE
A S 50 mLE gt § Syringe filter (Nylon filter
media, 0.45umx13 mm Diameter, Whatman)Z ©]
I 3 & A8 o R sto] S ATHFig. 1). T
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Table 2. The operation conditions of ICP-OES and Mercury analyzer

ICP-OES Mercury analyzer
Parameter Wavelength Parameter Conditions Parameter ~ Conditions
Pb 220.353 RF power 1,300 watts Method Gold amalgamation method-Pyrolysis
As 193.696 Nebulizer flow  0.65 L/min Detecter Silicon UV photodetecter
Cd 228.802 Auxiliary flow 0.2 L/min Wave length  253.65 nm
Sb 206.830 Plasma flow 12.0 L/min Carrier gas  Purified air
Ni 231.604 Sample flow 1.5 L/min  Sample forms Solid, liquid
L& F2EA7|(Mercury analyzer)E ©]83= W 20tk AEd el AHAGTR)= 0.99950.F %
ol wet A2 glo] AR F 50 mge gL 53 AAAE BATK(Table 3).
gol F2EA7|Z A48T

Vessel in 0.2 g ‘

’Nim'c acid 7 mL, Hydrochloric acid 2 mL and Sulfuric acid 1 mq

‘ Stay 16 hour in hood

‘ Microwave digestion during 20 min ‘

‘ Mass up 50 mL with distilled water ‘

‘ Syringe filter ‘

‘ Analysis of ICP-OES ‘

Fig. 1. The schematic diagram of analysis for Pb, As, Cd,
Sb and Ni.

42. A2FA 2 & 4%

HAEIH 2 348 AES 95l i, vlA, 7=
B, OEE, YA g 9] IAYE Al HES
g AEF(20159HF ARR-sIT

42.1. AFA FA
g, BlA, =g, SR @ U tidt AR
A4S 938led 0.01, 0.2, 1, 2 ug/mLe] BE2 EF
ENE 2% Ao STt 2ol gk
A 292 915k 0.001, 0.002, 0.005, 0.01 pg/
mLe] FEZ EFENLS 0.001% L-cysteineSH
Aok o, B, ke, QEE 9 YA
o] ARATR)E 09999 o) ol o,

http://www.kseh.org/

4.2.2. AEAYL AFIA

o, H&, 7IEE, EE 2 Al gigt A&
2 757 gk e BAEE A5 e

Al

HEFA T = 0.05ugmLys Hrkete] 2 Az
g & SAsAT 2ol g 74%6#1] Racicd
Slsted el FAIFE Azl EE84(0.005 pg/
Lys A7kt HAe] glo]l SA4sdh 54 €
Al FellA YAl 72 T3HATHTable 3).
SHA olste] A 2> EFZE(Not Detected,
ND)E AHegt & FAGNAE 0.000 ug/ge 2 A

ey &
rﬂ

4.23. 35& 49

g, v, FhEE, okl 2 U] gigk 35E
& ] Siste] o] BAEE AEe] BEEY
@A & F% 05ugml)ye HFrtste] A A 3
T 2k ol Uit g8 7] H8)
of 574¢] FAIFE Aol E781(0.002 pg/mL)yS
H7rete] A glo] Z74 8 th(Table 3).

424. EFEAS 358 4%
37g AT 2 BalEsd SHNEE Has)

3|
okl YPFEY FR4S FHIAT Y FEY

2

22

S5 (certified reference material: ERA (A Waters

Company, P255-500))5 AME-3IG T o, H&, 71=
, QHElE B YA gt 3l&S Fsl7] flsted
Ihe] FAIFE AR FZRIFELS 27}0}04 Bl
A & 5 St 20l tE gges 7ot
7] flate] 3RSl FAIFE Al S %%é‘%
F7kste] 2] glel S sith(Table 4)
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Table 3. The validation results of 6 kinds of hazardous heavy metals

Element Recovery (%)* RSD (%)" LOD (ug/g) LOQ (ug/e)’ Linearity (R?)
Pb 100.5 1.1 1.33x10° 4.40x107 >0.9999
As 98.5 1.1 2.43x107 8.03x107 >0.9999
Cd 101.1 1.1 3.60x10™ 1.20x10° >0.9999
Sb 98.8 1.3 2.36x10° 7.80x107 >0.9999
Ni 103.3 1.4 6.60x10™ 2.19%107 >0.9999
Hg 106.7 7.7 2.00x107 7.00x107 >0.9995
*Mean values obtained from five measurements.
"Relative Standard Deviation (Standard deviation/Mean valuex100).
Limit of detection=3xc/m.
(o: STDEV of area, m: slope of calibration curve)
SLimit of quantitation=3.3xLOD.
Table 4. The results of certified reference material (CRM)
Certified Measured .
Element - - Recovery (%) RSD (%)
Mean (ug/mL) Uncertainty (%) Mean (ug/mL)* SD'
Pb 0.302 0.466 0.302 0.004 100.1 1.38
As 0.389 0.574 0.400 0.005 101.9 1.14
Cd 0.743 0.460 0.750 0.006 100.9 0.74
Sb 0.334 0.602 0.341 0.007 102.1 1.92
Ni 1.150 0.458 1.201 0.009 104.4 0.75
Hg 0.766 0.700 0.769 0.005 100.4 0.66
*Mean values obtained from three measurement.
Standard deviation.
‘Relative Standard Deviation (Standard deviation/Mean valuex100).
5. EAIRa Zo] AZHYON, AZEL Th=go] Y He
2SgE, TR, A% 9 D S8 Al 148%0lnl QEES] Y B 412%01%it). 8

E579] AZ A3 FAAE= SPSS 21.0 for windows
(SPSS Inc., Chicago, IL, USA) SAI X211
gaknen, 3l 258 4
R Hlawshr] flste] Al
ANOVA)So.& A&t 422
Tukey’s multiple range tests ©

ZAQl frold HE2 p<0.058] FFEOE SIS

=7

£

n. &

1. 78 3EES Rl S=5 &
712388 1874, T8 824, M= 38 56
A, & 338 AEF 33700 tiste] |, v, 7=

B, EIE, U 0 £e0 fol FEE GUS ¥
Bk Table 5). h-20] SHIFAN Froll 52
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= 35879 HIES E 0.424 ug/g, B4 0.068 pg/
g, 7F=F 0.024 pg/g, FEIFE 0.398 pg/g, LA 0.567
uglg, &2 EXAEZWNDRIRHY. 9, Y&, JE=E,
QFE|E, YA B 22 A TsE kdvE
off &t 74, o 387l A=
6), 31871 vlws] e o d AE 7]

Hrp Soktt

=

o

2127 (Table

=
T FT=

2. 78 SEES 7Y ME 73l S5 R H|IR
712394, T, Ax S, E S AlE

B
e #o $E% UYL

Foll thal frel a5 e T4st
SAtH(Table 7). AF FEEZ WuAS o, F2 =

PR AFZFAN AEE(69.7%)°] 7HF =gkt Al
3L [e]

F A3 HAE 712338 0.141 pg/g, TEE
0.160 pg/g, M= 3P4 0.189 ug/g, i 3F48 1.686
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Table 5. The hazardous heavy metal concentration (Ug/g) in cosmetics
Element (NZ/E?;S) conl\:r?‘:r.ation conzgﬁzation s Nc?e;te(:)clc‘[:gn(l‘gfs
Pb 0.424 ND' 7.463 1.055 125(34.8)
As 0.068 ND 1.173 0.180 98(27.3)
Cd 0.024 ND 0.312 0.059 53(14.8)
Sb 0.398 ND 2.838 0.597 148(41.2)
Ni 0.567 ND 10.457 1.336 114(31.8)
Hg ND ND 0.008 0.001 72(20.1)

*Number of samples.
"Not detected.
iStandard deviation.

Table 6. The acceptable concentration of hazardous
heavy metals in cosmetics

Parameter Acceptable concentration
Pb 20 pg/g
As 10 pg/g
Cd 5 nglg
Sb 10 pg/g
Ni 20 pgg (35 pgle*, 30 pge)
Hg 1 ug/g

*Eye Makeup Preparations.
"Makeup Preparations.

x| Jdzke] 7V =

ug/golAtt & g AEFO
Z 7} 7463 pg/eS.

gow, AEH= © 34 AF

2 71 B9 e AERY AEgel /1%
48, Fug, A% e AFRY LY )

E‘A]xq—i —401'7ﬂ i]’°]7]' MME]'

H e 71Z23P8 AlFERAAA AEE(@1.7%)°]
71 =90tk AE FEE Haik 71283 0.125
ug/g, FEHE 0.048 ug/g, Mx S 0.078 uglg,
= 33 0.016 pg/gelnt. 712348 AFF
43-&7%] 7}70— i}J\—ou] 74% Lo éﬂz §].X]—_Q_ xﬂ

E77F 1173 pg/gle 2 7V =4t} 7)1 x2s83-8 A
F79 AEwel © g AEFRe vads o
FAASZE FosHAl x|zt AT

FIEgS FHE AFFAM HEE(32.9%)°] 7t
F E=UTh AF AFE Hawe 71Z33E 0.020
ug/g, TR 0.053 pg/g, ME S8 0.004 pg/gol
H, & P82 EREWNDIH. FHE AEF

O

l

http://www.kseh.org/

[e)
253 o] I 285 t w% A

[e)

FE S = :@W% AFFAAM % é§(81 8%)°]
38 Haae 712348 0.288
TEL% 0.307 ug/g, Mz 348 0243 pgug/
g, = S8 1.084 pg/golAtt. = g AlFFe
Batgkel 7P wokow, AEuE = e AF
F7F 2.838 ng/ge 2 7Y =9uTE + g AE
7ol AEpto] 71z, Fig, Ax g8 A
FRot vage o SAHCRE {olatA 2]zt ol
ATH
AL = P AFFAA AEE(90.9%)°] 7t
2 =Stk AE FEE Haake 71xsPE 0.021
ug/g, FEE 0.082 ug/g, A= 38 0.294 ugle,
3P 2514 pg/gel it = 3PS AlFEF Wt
wol 7HE Eokow, AEHE = i% & AFEF7t
10457 ug/g2 2 7P =4t = e AEFF
AEwol 71234, Fg, Az sPgE AlFFet
s of FAXHSZE FolatA ztol7t Ut

T2 Az e AFRAAM AEE(25.0%)°]
7}% %%E} ﬂl% F9E HaEpe 71xsdE,
FR7F BEHEND)IL Mz
7}‘ 0.001 pg/g= & Z 27t ek A
Z 3-8 AEFF7T 0.008 ng/g= 7 =

ok Az 3P AlERe HAEwtel e AE
Fo} MuS w SAHSE {251 Zol7t AUt

)
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Table 7. The hazardous heavy metal concentrations (ug/g) by cosmetic types

Element Cosmetics types Mean (N¥) conct/:t?étion conc]\e/Lat)r(:;ltion Nge.:t:cftesc?n(j"g:;:s
Skin Care Preparations” 0.141(187) ND' 1.459 0.277 52(27.8)
Pb Hair Preparations” 0.160(82) ND 0.904 0.223 36(43.9)
Makeup Preparations” 0.189(56) ND 2.582 0.500 14(25.0)
Eye Makeup Preparations”*-") 1.686(33) ND 7.463 1.977 23(69.7)
Skin Care Preparations” 0.125(187) ND 0.526 0.176 78(41.7)
As Hair Preparations 0.048(82) ND 0.794 0.167 7(8.5)
Makeup Preparations 0.078(56) ND 1.173 0.208 12(21.4)
Eye Makeup Preparations” 0.016(33) ND 0.527 0.092 1(3.0)
Skin Care Preparations 0.020(187) ND 0.212 0.051 24(12.8)
cd Hair Preparations”? 0.053(82) ND 0.312 0.079 27(32.9)
Makeup Preparations” 0.004(56) ND 0.101 0.019 2(3.6)
Eye Makeup Preparations® ND(33) ND ND 0.000 0(0)
Skin Care Preparations” 0.288(187) ND 2.495 0.583 55(29.4)
Sb Hair Preparations” 0.307(82) ND 1.601 0.394 43(52.4)
Makeup Preparations” 0.243(56) ND 1.761 0.392 23(41.1)
Eye Makeup Preparations”*-" 1.084(33) ND 2.838 0.885 27(81.8)
Skin Care Preparations” 0.021(187) ND 0.423 0.062 24(12.8)
Ni Hair Preparations” 0.082(82) ND 0.612 0.135 31(37.8)
Makeup Preparations” 0.294(56) ND 2.175 0.453 29(51.8)
Eye Makeup Preparations”?- 2.514(33) ND 10.457 2275 30(90.9)
Skin Care Preparations ND(187) ND 0.004 0.001 46(24.6)
He Hair Preparations” ND(82) ND 0.005 0.001 6(7.3)
Makeup Preparations” 0.001(56) ND 0.008 0.001 14(25.0)
Eye Makeup Preparations ND(33) ND 0.002 0.001 6(18.2)
*Number of samples.
"Not detected.
iStandard deviation.
D2IValues with different superscripts are significantly different (p<0.05).
Iv. o & O - Haeh vR7HA R A o] s
FoA frall a5l AEHAT> %SH TEE
201438 20174 74 AW 8 3P 7 AEES H 5% Bagl o] Jh=go] 7t A
U 71238 1874, T 8271, Az s < 148%019eH, 7P B2 HEES QEES

5670, ¥ 348 AEF 3370 5 F 3590 AES

[s)
e W 5 od BEel Aol FEE PUE =
AT 2R3, 1 ARE FRER BRse o
d ER f3 FIE FFS 2R O 977

Fe}20 ula &t

3PAE 35870 AFL] HARe & 0424 ug/g, W
2 0.068 ug/g, 7F=F 0.024 pg/g, QFEIE 0.398 ug/
g, LA 0.567 pg/eelL 722 EHAZEIND)I A
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41.2%°13 ).

SPE 8ol wet 7I=E2 2~18%, H 3~28%
ZIIthE Zafarzadeh 52" Hyole= thE2A
H &, 7F=4, QHFEE, UA 3 £22 /3 55

o

5871l vusl S o A 5, F

o} ot

71238, T, A% 3K, w3 Al
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® 388 ABF oIk ol E 3 AFF
N ge #AE etk 4 590 m3s 44}

2
iy
)
o)
Hir
rlo
ol
ST
)
rlo
N,
b
o
oo
2
e
Ju

N

& HAFh
/g0 At A Well 3= o8 F5 F
FE o= 7tEES TR AFRAA M =
HAEES BAT M =2 Haud dEU=
ojAtt. 7h=Ho| Mz sgEolut =
=0 AEES KOl F 5, Alsaffar 5,
Zafarzadeh 5 ZZ2]3 Ziarati 52|41 A3 By
o= zfolE HoFdnt.

S99, Zuiel, Auee fudtin geid o
)

Lo
S
ofo

2

Y

Hi u

38 AFFA
U SR, g2 A, |3
Y & AEFAM 7S =
HA 7P =2 Haad HEUE = s Al
. olE T 3R AFEFOA =2 A
UERths # 5, o] § 2|3 Orisakwe 51>
B9l fARsE Aol Volpe 527 HildA=
IF- AFo] FL7E ool AF Ho| w S

AEFel W AsE a3
_"

9 502 F0E oj2A B £ e 4L
e Nz 98 AFRIL VY BS PEEL B
ok AE £38 Bage = Aot ggich 7+
e AEUS A2 PG ABF oIt ol A
= S48 AFFIN ¥ FAE tehlks 4
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SPEE #90 wWE fal FES5 FEe 24T
Az, o, e, Ye] & sPEE AFFAA A
=8, Wt AEwel 7P w3t v, Th=s
T2 AE © Haghe]l AR w2 HolA| R, v
ae 7123, TtEES TS, T2 Az 3t
8 AFEFAM HEE] =3

QAN f8 sPdRe] 8l a5 TS At
317 9sted 201495E] 201797k £33 7)1 %23}
T8, TE, Az P8, S AFE
350 AFS o E |, vA, 7l=g, EE, Y
A, 7o) FFE Folal sPEE FIEE S
H| 8k T}

A sdEe] 9 HaFake W 0.424 ug/g, vlA
0.068 ng/g, 7F=% 0.024 ug/g, SFEIE 0.398 ug/g,
YA 0.567 ug/gl 2 YEPI 22 EQE(ND)2
AR fellgas HEES QHEE] 7MY =
Rkom, 7t=go] 7HY Wt s fEEE A

i
ol
of

=
=gtom WSS 0.125 ug/g, FEE IES
7tEE0 HEEC] =%on B 0.053 pg/
g, Mx 38 sPES 29 HEEC] %o
B3FES 0.001 ug/g 2812 = 3L IFEL
YA, QFEE, Wol ¥ AFES Hilon 77 3

T3S 2,514, 1.084, 1.686 ug/gl 2 LERITH
ol ATE FaAFel UM, TR AR £
B ) s fEEE 12X G R g
FEEE SPEEUNS e R g AT Ao
AR HE AFE ol FEE5 TS vl

drresy sHE Feld AT 7IRARR AT
[e}
AR

7} S8l FESel i
o BE SRt B WA A BRoiA S
uhgiey.
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