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ABSTRACT. There is now a growing concern about the possible toxicity of heavy metals in cosmet-
ics. Heavy metals can be used as cosmetic ingredients or may be present as low level impurities in
some of the raw materials. Chromium derivatives are used as pigments in cosmetics. Chromium is
essential and toxic trace elements. Chromium may cause skin allergy. However, the regulations
related to cosmetic products give no limit values for Chromium. Hexavalent chromium is significantly
more toxic than trivalent chromium. Hexavalent chromium may present a carcinogenic risk at high
concentrations. Therefore, it is important to consider oxidation state of chromium when analyze chro-
mium. The purpose of this study is to determine the concentrations of water-soluble trivalent and
hexavalent chromium in samples of makeup products, and to assess the safety of cosmetics on the
basis of animal sensitization tests using guinea pig. The present study of chromium in 48 makeup
products of 12 manufacturers provides a basis for assessing safety of makeup products. Water-solu-
ble hexavalent chromium was not detected in any product. Water-soluble trivalent chromium was
detected in only 9 eye shadows out of 48 makeup products, and could not be quantified 3 out of 9
eye shadows. The highest level of water-soluble trivalent chromium was about 10 mg/kg in spite of
90,000 mg/kg of total chromium. The results of animal sensitization tests show that 200 mg/kg of triva-
lent chromium and 5 mg/kg of hexavalent chromium have no harmful effect. No cross-reaction among
these metals was found. Accordingly, the concentrations of water-soluble chromium in makeup prod-
ucts seemed to be safe. The overall results indicate that chromium in cosmetics probably have no
significant toxicological effects. However, It is necessary to set guidelines on the maximum permissi-
ble concentration of water-soluble chromium in cosmetics.
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AMEEE ¥ Al

B Az AR ASE U 7 SEE AlzAeE =
Woll Ffsle 59 57iAke] wlol2y sHdEeE 1670
Ha= 4870 E5-S dde = st

ANE 84 AtogE= AAHB9~71%, Electronic grade,
Dongwoo fine-chem co.), 84H40%, Suprapur, Merck
Inc.), FAEEA9~30~32%, Electronic grade, Dongwoo
fine-chem co.) ¥ #F¥E54H70%, Suprapur, Merck
Inc.y& Ahgsion, s Tid F-84 A4S Al
As7) A% ikt ogE-2 Fisheribe] HPLC grade
| Agslge. 84 3E 48 ARl TBAOH

(Tetrabutylammonium Hydroxide}= DionexAlollA, DCTA
(1,2-diamine cyclohexane-N,N,N',N-tetraacetic acid}=
FlukarlollA] 7438130t oM EVE-Z S Fisherrle] HPLC
grade &u]& A3

L 283 67 289 T B4 BEHL Flukart
9] 1,000 mg/l ZEZ(ll)e]& FFA(chromic nitrate) 2
1,000 mg/t ZE (Vo] EFY(potassium chromate}s

s43)0] AMEBIATH.

AE|7]

Ag &312 93t Microwave digestion system
(Milestone Inc., MLS-1200 MEGA)YS ARE38IR T AR
W 84 3% 242 Perkin-ElmerAle] ICP-MS
Elan 6000& A3t 484 37t 2EF 67} A&l
BAL WatersAle] 515 pump, 717 Autosampler, 996
PDAZ 4% HPLC system& AHE-3}ST

A8E5E2 Hartley albino Guinea Pige IHAHF
E(AZE A BEE 2l 26410014 st AR
BldaL, AREZRAIAIL] AEE 2l 250~300 golitt. z+
NEEA dsle b 2zt 5riEd & 109 T
< ARgEkST

£ 3F &E 2o WY

AE Zo FHEHA Ue ZEY F TF AL F
gt WiA7|h] (Flehhe el st Al
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vesselo] ¥ A2k Bk . gabsledg - AN S
N4:3:1:1)8 Bol F&8] 59 42 v wiE
27 Microwave digestion system= ©]-83}o] B2 o
o] HEE EsAZAT. o] 4& 3 FHTFE YT o
S 2} ICP-MS(Inductively Coupled Plasma Mass
SpectrometenZ #4313t}
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TBAOH &9 10 mIEZ ¥o] 80~90°C 8 dolA 30%
7 7¥gsta ALolA 1587 sonication ¥ th 3000
romellA 2087 ARSI d& AFFde) DCTA 4
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Table 1. HPLC operating conditions for determination of water-
soluble trivalent and hexavalent chromium

Column Shiseido C18 (4.6 x 150 mm)

Mobile phase CH,CN/water (2/98) containing 1 mM TBA,
0.5 mM DCTA, and adjust to pH 6.5 with
0.1 M NaOH

Flow rate 0.7 mi/min

Volume of Injection 50 l

Detector UV (210 nm, 360 nm)

mge ¥l 60~70°C 873X DCTAZF =& 7%
7tEsiith. DCTAZE of %01 A2 02 A3 thg mem-
brane filter(0.45 um)2 o3}3le] AL A& Hoz
ARBIETE B4 S HPLCE F3sior BENZAL
Table 13} 734t

7|Li=E o| 85t O|F = AlE

Induction®} Challenge(FA= WF A8 &2 5%
of AMEE AIFER FEE AAS] sl AlF 4AA
A, & 4 247F 3ukEl9] Guinea Pigsell thale] dx} =}
& AABIEY ZF B8l tisty A wEe AEE
F5 AR FHe 77 3FH(2.5X2.5 cmpe] §-9

i)

Z 05 mk =X VAR 22 v BIREA Ho]
z2 & st 24N7F A& Yzt ASg #EE)
ot

Y A8 A, Bad A AlE AFE ARtely
UMt AFE A S 200 mg/kgl R SR, BHStE Sl
£ stock solution?] ¥ F=7F 1000 mgkgdS 7t
& o, induction == U ARE- ol %ke] Bui<l 1000
mg/kg, challenge A& =& 200 mg/kg °l3t2 A
AA3sled 1000 mg/kg, 500 mg/kg, 100 mgkyg =2
oF dA A= AAET. o7 289 Aee, o
okHA BT zkz9 o} MET(Minimum Elicitation
Threshold)7} 9~10 mg/kgdl A& 7etsle] Jazo=w
AME 7Fs% FEE bmgkg FEE A8l induction
FEE I ARE o] 10889) 50 mg/kg, challenge
X4 FEE 5mgkg °lstE 2 HAEHL, 50 mg/
kg, 10 mg/kg, b mg/kg FEolM LUx} A= 2 AR
SZAC] A

7IVgg o] g3 37t ZEFH 67 2FY HF TR
AL diFZAH R A AlgH GPMT(Guinea
Pig Maximization Test)d (Magnusson and Kligman,
1969)l wet e EH S 7ed7+d HAIdIFAEA 5
=

Table 2. Experimental design of animal allergy tests of trivalent chromium

Concentration (mg/kg)

) No. of animals Induction Challenge
Material
(Male/Female) Intradermal Topical i
Vehicle Conc. 10 % SLS Conc.
200
Chrominium (1H) 5/5 H,O 1000 + 1000 100
CrVl)5
200
Vehicle 3/2 H,O Asis + Asis
H,O
Benzocaine 2/3 Acetone:Butylene glycol =3:7 10 + 20 10
Table 3. Experimental design of animal allergy tests of hexavalent chromium
Concentration (mg/kg)
. No. of animals Induction Challenge
Material :
(Male/Female) Intradermal Topical i
Vehicle Conc. 10 % SLS Conc.
-, 51,
Chrominium (V1) 5/5 H,O 5 + 5 Cr(il) 200
5
Vehicle 3/2 H,O As is + Asis
H,O
Benzocaine 2/3 Acetone:Butylene glycol =3: 7 10 + + 20 10
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Table 4. Standard of evaluation of skin sensitization

Score Skin reaction
0 No reaction
1 Scattered reaction
2 Moderate and diffuse reaction
3 Intense reddening and swelling

Table 5. Standard of decision of skin sensitization

Sensitization rate Grade Decision Possibility of use

0~-8 | Weak sensitizer Usable

9~28 Il Mild sensitizer Usable
29~64 ] Moderate sensitizer Unfit for use
65~80 v Strong sensitizer Unfit for use
81~100 Vv Extreme sensitizer  Unfit for use

7t Ao dg AP #4342 v Table 29 2%t
o 671 AF Ui AP 732 o2 Table 3%
Zokeh, SAUREAEE Vehicledl FAERTE Al
o, HNEERZE Benzocaine2 A3

gz} 7HAe 98 AEE Guinea Pigel Z7AZ+ 7Ho|
A&, FCA(Freund's Adjuvant Complete), AlE + FCA
£ 282 0.1 mi¥y IuliFALstar, olab 72k SuiFAL
7R FY F9&E ARG ¥ 10% SLS(Sodium Lauryl
Sulfate) €M (7]1A]: Petrolatum}s =X&t] Hx st
2407 Foll AEEAS TY FHoll F91 F 0598 =
X3 7R € U HAEA HolZE2 & 143}
o 48A17F B8t FAsAT.

72 i (challengey> #HE 7= 2% Axd A
B A% RN AF=EE IR == 1(Tem
patchg ©]&3td 24417 &<t HAH S v, 4§ F
B 3 AAEse2 7PEA AR HEE AATS v
24, 48 B 72X A ZRE, v, RF T4 A=A
e BFAch 9F whge] Hrle AFEeHd
A JA Al 19996135 9|k 59 54 A8 71 9l
3le] I (Table 4)3kaL, 72 & 7FsAdel oigk &
A& Kligman2] SF(Table 5 wa} AA|sle, At
3E(Grade | o121 219 W& )o] 29 %(Grade lI) ]
4 o allergeno.Z #HA 3T

g1 3 g

SHEE & 5380 84 389 & 24

AE-E Chromium oxide green(Cr,0;) @ Chromium
hydroxide green(Cr,O(OH),)el 271 &3E°] oleli=
5. ofelgtel] & wojAgMo]A Foll M Y8F A}
|53 e, AFAFFIRAY A A 2000-115 s

ZAg71Ed FAES o, EU Annex IV, Part 1
(26th Commission Directive of April 15, 2002)l 3}
AEAA Mg ARgo] sy Y8 (colouring agent
allowed for use in cosmetic products)® HAE ] Ut}

Z=9] 3ol sEE o AF) g A= e,
A7) o= EUA COG(Chromium oxide green)
2 CHG(Chromium hydroxide green) €& ojd}od
chromate ion(67} Z&)& T3 &olol stk 4
A=

o5 Fag AES Yeplle 848 288 2 A8
dejel we} #elste 7t 2F 2 67 AFoR HEe)
At B4 o e7F 252 A I AELE FEY]
ol AsMFelE FAE & de Ayl T8
67 28L& tRE chromate anion(CrO3) =+ dichro-
mate anion(Cr,07)e2 &EAse=z, 371 829 AH$-
complexation reagent® AH&-3te] negatively charged
complex ion® & uHte] FH HPLCOA 67} 283 &
AT 4 Atk olyF TS olgsld £ Ayl
= 7} ZE9 Z$ complexation reagente] DCTASH
HEAlA Zoloz ThEo] ZAE3NtHPadarausk er
al, 1995). A&dAl= 37t 289 ¢ 0.2 mgkg, 67t
AFY A= 0.1 mgkgelAaL, AFAE I7F 289
7% 0.6 mg/kg, 67F Z&2 749 0.3 mg/kgelRem ok
2 Aol oot S WA Fsir

=ue] wlolay sPEEe] 84 7t 2 671 2F9
2] Y 4ot & 25 FFE v Table 60 vehd
ATk

L BAE AF FA AR AFAN A5E g

A= T84 671 A2 oAF AFME HAEHA
gtor, 84 37t ZE2 ol Bazo] grfl A FA
10 mg/kg ©I3t2 AEHIS F ZF FF2 1074 2A
9] 127) AEolA 300 mgkg olgelen 2 9 A
FoAE FAL 55 mg/kg ©lBkE Bl3E B2 o)
oL AFIFES MAh YFZ AMEIHNEA AR}
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Table 6. Water soluble trivalent, hexavalent chromium and total chromium concentrations of cosmetics

Category Code of products Type of products Cr*,s (mglkg) Cr*,.. (mg/kg) Cry: (Mg/kg)
A-LP Powder n.d. nd. 50
A-TC Twincake n.d. n.d. 9.8
A-MB Make up base n.d. n.d. 7.4
B-LP Powder n.d. n.d. n.d.
B-TP Twin pact n.d. n.d. 193
B-ESG Eye shadow(green color) n.d. n.d. 12.2
B-ESB Eye shadow(sky blue) nd. nd. 10.0
B-BL Blusher(orange) n.d. n.d. 8.9
B-MS Make up base n.d. n.d. 5.2
C-pP Pressed powder n.d. n.d. 7.8
C-TC Twincake n.d. n.d. 11.5
C-ES Eye shadow(aqua blue) 1.5 n.d. 6222
C-BL Blusher(orange) n.d. n.d. 25
C-MB Make up base n.d. n.d. 55.2
D-ESB Eye shadow(dark blue) n.d. n.d. 27.5
D-ESG Eye shadow(green) <0.5 n.d. 6757
D-BL Blusher(light blue) n.d. n.d. 6.4
D-LP(01) Powder(01) n.d. n.d. 6.5
Domestic D-LP(03) Powder(03) n.d. n.d. 13.2
cosmetics D-MB Make up base n.d. n.d. 23.4
E-LP Powder n.d. n.d. 45
E-ES Eye shadow(green) <05 n.d. 9337
F-LP Powder n.d. n.d. n.d.
F-ES Eye shadow(green) 4.9 n.d. 14230
F-BL Blusher(pink) n.d. n.d. n.d.
G-LP Powder n.d. n.d. 11.3
G-ESG Eye shadow(green) <0.5 nd. 23498
G-ESDG Eye shadow(dark green) 104 n.d. 89690
H-LP Powder n.d. n.d. n.d.
H-ES Eye shadow(green) 27 nd. 7094
H-BL Blusher(pink) n.d. nd. nd.
I-LP Powder n.d. n.d. 4.8
I-ES Eye shadow(green) nd. nd. 14880
J-LP Powder n.d. n.d. 5.1
J-ES Eye shadow(dark green) 3.1 n.d. 112168
K-LP Powder n.d. n.d. 3.5
K-ES Eye shadow{(dark green) n.d. n.d. 16.3
L-LP Powder n.d. n.d. 26
L-ES Eye shadow(dark blue) n.d. n.d. 18.3
M-PP Pressed powder n.d. n.d. 5.3
N-ES Eye shadow(biue) n.d. n.d. 10.2
Imported N-LP Powder n.d. n.d. 4.8
cosmetics N-ES Eye shadow(dark green) n.d. n.d. 336
O-ES Powder nd. n.d. 0.3
O-LP Eye shadow(khaki) n.d. n.d. 5350
P-TC Twincake 22 n.d. 6875
P-ES Eye shadow(dark blue) n.d. n.d. 201

Cr*,. : water-soluble trivalent chromium.
Cr*, : water-soluble hexavalent chromium.
Cry, : total chromium.

n.d. : not detected.
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67} Z-E(potassium dichromate)oll thajr= w7Hsl AL
ol -2 0.089 mg/kgollAl Hol7] A&ste] 1,770 mg/
kgZ7HA] EEs1992™, 371 IZ(chromic chloride}® 88.5
mg/kgell4l 17,700 mg/kg7bA] & 3F tHBasketter et
al, 1993). &3, A tiste EeAE 7= 1789
X2 ez 3 67F A Z(potassium dichromate)
patch test 23, 10 mg/kgols 2%, 100 mg/kgelA
2% 2 1,000 mg/kgeliA 7ol ¥R3-S HFCE ROAT
(Repeated open application test)2 AAI3F Az} A4
Al #Fe disld 10 mg/kgel 9AZ Usith, 44
F AeA ZFo] gt d2A] WS ozl A9
MET(Minimum Elicitation Thresholdj= 67} 29 o
3l 9 mg/kg?l WHH 37t ZFol disiA= 8,850 mg/kg
o]2AtHAllenby and Basketter, 1993). 3F4-E& o
2 A3 & A AFME oo TS AFS Y
o2 250 HIA= 4K AFe 8871A A4S BAE A+
IR AFAM A4 ZF FFol 2 mgkgS Ao
20 AFAM 10 mgkgs zH3te S JElT 2
F 784 AF o] TP =0A AFL I ol
318 mg/kgelieH, o] o & =ZE -2 5,470 mgkg
olAtt. o] FX|= o] WAg vh-E BAPY AlEE
NAXN wAESY dA] ¥ 4o F e Fx9
Zrol#t B3R THSainio et a/, 2000).

R Az} 2AF A1E A3, 37F 229 749 1,000 mg/
kg ©l&te] FxollA A}=o] A FAFA] ¢rol induction
< 1,000 mg/kg FEE AH8-8t52H, challenge= 200

Table 7. Result of 1st challenge of trivalent chromium

mg/kg 2 100 mg/kg, 22|32 cross reaction %2 o
23sl7] Qe 67 28 b5 mgkgS Algdl Akgslsit)
67t ZE2] gl 50 mgkg olste] FEelA =]
Aol #AEZR] ool induction® 50 mg/kg FEE AL
8192, challenge= 5 mgkg ® 1 mgkg 22|32 cross
reactiong ®7] ¢t 37F 3E 200 mgkgS AlEo
ARE-3HS1 T

ChallengeE AAlg & =

=X FoE &g A, 3}
AZL 200 mgkgold YHEO] 0%E LFER} ARE 7}
S W9lel Grade lo sF3l9aL, 50 mg/kglME %A
& 0%E AHE 7Fs ¥ 41<l Grade o gsigerns, 3
7t AEL 9 R SHAA el & YEE
200 mg/kg °lst FxollA ARG Zhssittal AEEHATH
(Table 7). 67} & 6 mg/kgl& challengeE A5 7
2. A Eo] 15%=2 Yeht Grade 9] sigsig o),
ol AR 7Fs 9ol EjEo] 7t AEF 67F Z2FS]
WS 93] ZolE F Ao A=K Table
7). Benzocaine oAM= & 5 uiEle] 107 AHE5Y =
FollA gato]l AgHo] Eojx Yeld(Score of skin
reaction "1"), 55=2 $¥KScore of skin reaction "2")
2 7Fek Sk 9 BEE(Score of skin reaction "3')°]
AEATE 2 9 N F AMEAY Boldt A
A8 Hole TEL gt
Challenge® AAE & =¥ 292 ##st Az, 67}
AFE 5 mgkgelld FHEC] 10%E Ueht AR 7Hs
M9 Grade 1o aBslR o, 1 mgkglH= &

i Positive response (mg/ki
Materials Concentration p (mg/kg) Grade Remarks
(mg/kg) 24 hrs 48 hrs
. 200 0 (0/20) 0 (0/20) I
Chrominium (1)l
h 100 0(0/20) 0(0/20) I Usable below 200 mg/kg
Chrominium (V1) 5 0 (0/20) 15 (3/20) i
. 200 0 (0/6) 0 (0/8) 1 .
Vehicle Vehicle 0 (0/6) 0 (0/6) | Negative controlled group
Benzocaine 10 100 (10/10) 100 (10/10) \ Positive controlled group
Table 8. Result of 1st challenge of hexavalent chromium
i Positive response (%
Materials Concentration P (%) Grade Remarks
(mg/kg) 24 hrs 48 hrs
- 5 10 (2/20) 10 (2/20) i
Chrominium (VI
vh 1 5 (1/20) 15 (3/20) Il Usable below 5 mg/kg
Chrominium (111) 200 15 (3/20) 25 (5/20) Il
) 5 0 (0/6) 0 (0/6) ] )
Vehicle Vehicle 0 (0/6) 0 (0/6) | Negative controlled group
Benzocaine 10 100 (10/10) 100 (10/10) \Y Positive controlled group
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5~15%=Z AF8- 715 H$IA Grade lio) i3l =&
A E9elAM sEFl b mgkg °ldt sE= {2
7% ks a AH=EAHTable 8). 37F Z& 200 mg/
kg2 challenge® A& A%, BNE 25%S IO
U, o]RA= AR 7158 Grade |l 3 F3ke HeolBnZ,
67} AEH b ZEY FAWEESE FEEA] Wot=
Ao 2 WAEUTHTable 8). Benzocaine TolAE
5 okl o] 107} A85S TEFoA Futo] FgHol| Fof
2 JElHScore of skin reaction "1"), 5E9 FHb
(Score of skin reaction "2") © 73k ZHF W R
(Score of skin reaction "3"jo] FZE U} 1 9 A|F7]
7+ & APFEAY Bold JSAEE Hole TELS 8l

ATt

o it

2 E

AgolA AN A=l FHFE Fe= AL
B 37} AEHT 67F AFo] IRl o E 54
= I8 g AEE Tkl 37F 252 200 mg/kg
°)3}, 7} AEL 5mgkg °l3tNE AFE UeRiA)
S & & A Sl AR 4870 wlolAY] sl
it AlEE A, 784 67 B HEEA EU%L

84 37t AL 10 mgkg ©l8lE AEHo) EF &
3 Ag st HA%HE EAs. 2B, 67F 2AF
S R BAo] AslER A&EH FE AHE st
Ztol=Ele AAE vt slow & Ay A3t 78
3 AEl uig 71 FYgl AR o]8E F IS
Aoz 7|thet.
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