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Determination of Hazardous Metals in Nail Enamel Containing Glitter
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ABSTRACT

Objectives: This study was performed to provide basic data for the re-establishment of standards (criteria) and
analytical methods for hazardous metals in nail enamel.

Methods: Ten metals (lead; Pb, arsenic; As, cadminum; Cd, antimony: Sb, cobalt; Co, nikel; Ni, copper; Cu,
chromium; Cr, aluminum; Al, and mercury; Hg) were measured in 67 commercial nail enamels containing glitter
and/or pearls. The content of hazardous metals (excepting Hg) was determined by using an inductively coupled
plasma-optical emission spectrophotometer (ICP-OES) after microwave digestion. Mercury content was
measured by a mercury analyzer without any preparation.

Results: The detected ranges of the intact samples were as follows: ND - 1.756 ug/g for Pb, ND - 1.24
ug/g for As, ND for Cd, ND - 20.41 pg/g for Sb, ND - 12.36 ug/g for Co, ND - 7.908 ug/g for Ni, 0.088
- 79.27 pg/g for Cu, 0.281 - 18.54 pg/g for Cr, 13.78 - 3 563 pg/g for Al, and ND - 0.044 ug/g for Hg.
After centrifugation, the detected ranges of supernatant were as follows: ND - 0.435 ug/g for Pb, ND -
0.504 ug/g for As, ND for Cd, ND - 0.035 pg/g for Sb, ND - 13.17 ug/g for Co, ND - 0.232 pg/g for Ni,
0.117 - 90.07 pg/g for Cu, 0.174 - 2.787 ug/g for Cr, and 9.459 - 1 565 pg/g for Al. The results of this
analysis showed that the levels of heavy metals such as Pb, As, and Sb were much higher in the intact
samples than those of supernatant.

Conclusion: In the present study, we found that the levels of hazardous metals were significantly different
depending on the status of the presence of glitter. Based on the results, we recommend that the product consumer
refrain from prolonged application of nail enamel, avoid biting or chewing the nails, and wear gloves during
cooking and washing dishes.

Keywords: Glitter, hazardous metals, inductively coupled plasma-optical emission spectrophotometer
(ICP-OES), nail enamel
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AF)ob 2 AFS YAIEE]7)(UNIVERSAL 320,
Hettchi, Germany)Z 3000 rpmel|4] 2087F 9AE
gste] Holu} FEEHE AAS 5 (©lst L&
g A=)y 7KL fellEs A4S AAEHATh

2
el Aloke g frellasE48 H Ak (Wako pure
chemicals, Japan) 3545748 4H(Wako pure
chemicals, Japan), E3}5=2~4H(J.T.Baker, USA)S
AREBIAAL, Aol AR B8 T AREA
(PURELAB ultra, ELGA, UK)Z 533 Zlo=g
182MQ T2 FAE 2555 ARS8t vt
olAEgolH Bl 77|@A el ARE 24} 8 7S
& 7R AHE & F50d9S 7] Slsl
30% Akl 6r17F ol " Foll TR A
o 7132 & 240 218319t} Inductively Coupled
Plasma-Optical Emission Spectrophotometer (ICP-
OES) (OPTIMA 2100DV, Perkin-Elmer, USA)Z ',
vz, e, e, BUE, U, Fo, 28
215 #1381l Quality Control Standard 21 100 mg/L
(Perkin-Elmer, USA)#} &FulF 412 93|41 ICP
multi elements standard solution VIII 100 mg/L
(Merck KGaA, Germany)E ZFEHoZ (05 N
HNO;E2 3]Aate] AREsIglth & 45 Sl
Mercury standard solution 1000 mg/L (Merck
KGaA, Germany) ¥39-& 0.001% L-cystein (Al
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Table 1. Results from the validation test for the analysis of 10 elements

Elements(ug/kg)
Pb As Cd Sb Co Ni Cu Cr Al Hg
LOD" 1.04 475 3.12 1.27 1.37 1.47 2.56 1.55 2691  0.0495
LOQ 3.14 14.38 9.44 3.84 4.15 4.46 7.76 4.68 81.55  0.1653
Linearity(R®)  >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 >0.9999 >0.999

" Limit of detection = 3.306/S
" Limit of quantitation = 106/S

Table 2. Recovery of metal with standard reference material(SRM)

Element Material Certified (mg/kg) Measured (mg/kg) Recovery (%)
Pb SRM 1547 0.87 £ 0.03" 0.939 £ 0.160 107.9
As CRM MESS-4 21.77 + 0.03 21.78 + 0.15 100.4
Cd SRM 1570a 2.876 + 0.058 2.948 + 0.032 102.5
Sb CRM MESS-4 1.07 £ 0.16 1.049 + 0.040 98.0
Co CRM MESS-4 13.0 £ 0.8 12.68 + 0.36 97.5
Ni CRM MESS-4 428 £ 1.6 42.84 + 5.02 100.1
Cu SRM 1547 3.7+04 3.684 + 0.070 99.6
Cr SRM 1547 1.0 £ 0.00 0.998 + 0.059 99.8
Al SRM 1547 249 + 8 236.0 = 1.7 94.8
Hg SRM 1547 0.031 £ 0.007 0.030 + 0.005 96.8

1) Data were expressed as average + Standard deviation
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Table 3. Metal concentration of nail enamel with pearl and glitter(Hole)

s oot P g e o e
Pb 67 (()I'\?]l)?)f ?:322;, 39 (582) “(-) 20
As 67 0(’;]75 * f; ;)9 26 (3838) -(-) 10
cd 67 $ -() “(-) 5
Sb 67 flf]’f;fzgﬂzg 35 (522) 19 (28.4) 10
He 67 (()1'\(1)11)6~io(,)6$:)‘ 42 (62.7) -(-) 1

1) Data were expressed as average + Standard deviation
2) Not Detected
3) Range (minimum ~ maximum)

Canada)Z BEZFEER ARgsld HAAz SUs
z&ste] Blg2 Ao 1 A= Table

=g BAS éﬂr 3974(58 2%), Hl&E 2671
(38.8%), QFE]ES 3 74(52 2%), e 4274(62 7%)
A AZHYIL FI=E-S AZEA Tt 7_}7_} =
%o AEHSle ¥ B4F ~ 1.756 ng/lg, Hl&

EAE ~124ugg, 722 EHE ~0.044 ug/gi

100.0 %

100.0% 100.0 %

® Hole

M Supematant

Pb As Cd Sb
Fig. 1. Distribution of lead, arsenic, cadmium and

antimony between hole and supernatant of nail
enamel.
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z}zke] QbR 7IERl 20, 10, 19] 1/10 F30]8t& A
S5 QHERS] AEHE BAE ~20.4lug/g

ol % 197(28.4%)°1M FAZ1FES 10 ng/gs
233t HEHATHTable 3).
g QAR AlRE APl BT A, e

3471(50.8 %), HlAE 174254 %), ¢HElEZS 1A
(1.5 %)M HAZHAL 7t=ES HAESHA Fodr
27y 2EE] AEHYE e EAE -~ 0435 ug/e,
Hl 4= EHE ~ 0.504 pg/g, °FE1E% HE ~0.035
pg/gel BT sPdRe] Fa4 vl Ageiid
TH(Table 4). Y4151 ¢k Ah@} AiEE] AlE
o] fellad HAEFS v EH, 2 38.1%, H|A
T 25.6%= AaElion, el A AL AE
=R FUATHFig. 1).

I GRS & = dARTs &
S NEE AATAS o i‘?:}ﬁ—t— 6671(98.5%), U
AL 2571(37.3%), 2, A&7 ‘Qﬁz—ﬂlﬁ% 674

(100 %)ellA HEEI

= BH4E ~ 1236 ptg/g YUAae EHE ~ 7.908 g/,

%LFJ% 0.088 ~ 7927 ugle, T2 0281 ~ 18.54 pgle,

AZ0]FL 13,78 ~ 3563 pg/ge) ATHTable 3).
AT AEE dAEste] A% A9, ILE
6371(94.0%), UAL 57(7.5%), 78], =23 &
HH-E 6771(100%)014 AE=RNoH 747} T340
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Table 4. Metal Concentration of nail enamel without pearl and glitter(supernatant)

s oot DS oS s
Pb 67 8;]052 5 g:igg;; 34 (50.8) - (-) 20
As 67 (()If;gsfo(.)s'% 17 (25.4) S(-) 10
cd 67 ﬁg “(-) S (-) 5
Sb 67 (()I'\(I)glfo(.)(')g(;‘)‘ 1(1.5) S (-) 10

1) Data were expressed as average + Standard deviation
2) Not Detected
3) Range (minimum ~ maximum)

Table 5. Metal Concentration of nail enamel with pearl
and glitter(hole)

Table 6. Metal concentration of nail enamel without
pearl and glitter(supernatant)

P Yo DO 0 T iy o1 Doy o
Co 67 1('1311)525 12;"3067)'; 66 (98.5) Co 67 %Sfﬁé‘ﬁ% 63 (94.0)
Ni 67 &31133f7.19530§§ 25 (37.3) Ni 67 &(I)gii 3 ;)3322) 5 (75)
L T
Ce BT oww @ 2MIRE
Al 67 991+ 996 67 (100) Al 67 534 + 344 67 (100)

(13.78 ~ 3563)

(9.459 ~ 1565)

1) Data were expressed as average + Standard deviation
2) Not Detected
3) Range (minimum ~ maximum)

AEH = ALEE BHF ~ 1317 pgg, UALS &
AZE ~ 0232 pgg, 7El= 0. 117 ~90.07 pglg, A=
o

0.174 ~ 2.787 ug/g, FFrH-E 9.459 ~ 1565 pg/
g0 ATH(Table 6). VAT sHA] 942 A5t AR
2 A8 fallvH 5% AEFS vws|Ed, 2
WEE 28.8%, UALS 2.0%, T2 382%, 7
39.7%, SFHEFS 53.9%2 A tHFig. 2).

v.o &
g, v, JlEE, QR o3 O ggtEe 3
FE| AT S Qe dEolth AAgAd] ot

I
o] 989 EER AU Ax = Bd T
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1) Data were expressed as average + Standard deviation
2) Not Detected
3) Range (minimum ~ maximum)

100.0 %

100.0% 100.0% 100.0% 100.0 %
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M Supematant

Co Ni Cr Cu Al

Fig. 2. Distribution of cobalt, nickel, chromium, cupper
and aluminum between hole and supernatant of
nail enamel.
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Table 7. Review of hazardous metals present in cosmetic products

Criteria (ug/g)

Element o Other Agent (Chemicals) Ctlilsslli;fggn
country
Cd 5 3-5 cadmium and its compounds Group 1"
Pb 20 10-20 lead compounds, inorganic Group 2A?
arsenic and inorganic arsenic compounds Group 1
As 10 3-5 monomethylarsonic acid(MMA) and dimethylarsinic acid(DMA) Group 2B”
arsenobetaine and other organic arsenic compounds Group 3
Sb 10 5-10 antimony trioxide Group 2B
Hg 1 1-3 metallic mercury and inorganic mercury compounds Group 3
Co - 1 metallic cobalt, cobalt compounds, cobalt sulfate, other soluble salts of cobalt(Il) Group 2B
Ni i ) nickel(II) compounds Group 1
nickel, metallic and alloys Group 2B
Cr - - chromium(VI) compounds Group 1

*JARC International Agency for Research on Cancer
1) Group 1 carcinogenic to humans

2) Group 2A probably carcinogenic to humans

3) Group 2B possibly carcinogenic to humans

4) Group 3 not classifiable

2A(IRAC 2006)E 5o 91—5 %% %EME} &,
A 7)50] 20 Mg/golu} FDA, B2}, £ oA 7]
ol 20 pg/gel Hurhs 10 pg/gS s A= o
ATk AT UL o 671 EF 719 1/10
olstz HAZE o] BT APt vlAet F7] H]
2SItES W I E ] A s EE IF
1(IRAC, 2012)% ERER o™ S-2vfze] Hla °J
A7NEE 10 pgeeldt 593 Avrks 247 3
ng/gelth. Wl olupdelA] Hl& oA] 7]Ee] 1/10
olst® AFE o] BF At Th=g-S A
W75 25 1(IRAC, 1993)2 EHEHYeH, &=
o34 7HL}DH 712 47 5, 3 ug/eelw S-2vet

A7 5 uglg ol8tE U olubel 677104
] @Eﬂﬂ okgit}. erz1Fe] 1 pg/g olEtE 9
AF £ 6779 HY ol 71Fe] 120
ol3lZ2 HEHAL JEEY TFE& BN FAH, 1
Y2 Aoz & A kd7Ee 10 uyes %
3t ATt 19402 AR 1/4 o)) NFS
zH3ach AR st FEEHE AAS F9+=
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g, HlAe AEYo] 1132 UL 53] cERe
100% A A= o] 7S 238 AA7E fil=t
ol YAEE S AAE Holu} FEE A TE
ol FHE Aoz AZE. AAsIRIE] o] 1A
o532 5 2B(IRAC, 1989)2 EHE o
o, ol2fgt frafd wjiol fEvElME 7S
Aste] A E kL ot A videlvbd el ALg
He EEHE 3= A]z‘ﬂﬂl—xﬂ /H;Go] :ﬂg_g}l;}
sl A QHLE, A, 78, 253 EFve
o] K7IEE AAHUA g}t ALE IE
HE2ge|x, AAdxYelE, *é»ﬂﬂlii), YA
2

r

a2 SRHE (B =8 A=,
=, Aoz, Ajo|E
9 7 A/ sl AF&%‘ T %\*—E Asolt o
o] BEFER EAsAY 29EE HEE & Ut
FAHES I AFE WWER IF ZB(IRAC
19)E EF3IL EUolA = sPdEel A5 94
61 FABAL o 71EA AR s A=

TER |88l glow I &S ofA7MA Af

4o 97 SekTable 7

QYIS B A5 D 3, 2
7% 1 ng/gs He AAE 237202 A9 1/3¢]
1 ug/gs 233}
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ZEEE X AT %2 vl o
AAE 43 A3, o, vA, 7l=R, 2 47
ND ~ 1.756, ND ~ 1.24, ND, ND ~ 0.044% 2%
71 20, 10, 5, 1 pg/g o3tz sPdEF2] k7]
Zoll s, FE[E-S ND ~ 2041 pg/go 2
1971(28.4%)°] 71321 10 pg/gsS ZIalqct. w3
710 AAEe] A e ILE, YA, e, A
2, 4Fu)F5e ZH2F ND ~ 12.36 ug/g, ND ~ 7.908
ug/g, 0.088 ~ 79.27 ug/g, 0.281 ~ 18.54 ug/g, 13.78
~ 3563 ug/g H=HArh

dAEEsl FEHE AASE WY oS
A A o, HA, JhEE, FEES 74 ND
~ 0.435, ND ~ 0.504, ND, ND ~ 0.035 & &% 7]
TA| 20, 10, 5, 10 pg/g ©l3t= sPgEe] H71E
of Agstqirt. Bgh 7)Ee] A E A & A
UE, YA, e, &, ¢FvES 47 ND ~ 13.17
ug/g, ND ~ 0.232 ug/g, 0.117 ~ 90.07 ug/g, 0.174 ~
2787 uglg, 9.459 ~ 1565 uglg AZEATH

olFe] A AR FTHE AAst AFg <t
& 24 A7E A3 el A2 Algsjolst
A AAEZL Bastm 7)E Aol HoUA] e
U AR FREAR o viel IYE YA, 3
9 fEle ke 9 Y FrUt Jasiy
ol A¥S T3l FEE7F ol v
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