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ABSTRACT

Objectives: This study was conducted to evaluate the task-specific hazards of chemicals used by nail technicians in Daegu
Metropolitan City.

Materials: A total of 30 nail shops located in Daegu City were surveyed to investigate the major tasks and practices performed by
nail technicians and the ingredients listed in nail care products used in shops. We also collected instructions for use and material
safety data sheets(MSDSs) of nail care products and compared CAS Nos. of ingredients with the lists of chemicals regulated by
the Industrial Safety and Health Act(ISHA) and Chemical Substances Control Act(CSCA).

Results: A total of 125 chemical ingredients were found in 468 nail care products used at the 30 nail shops. The most frequently
found ingredients were ethyl acetate(72%), followed by n-butyl acetate(71.8%), isopropanol(56%), benzophenone(51.1%),
nitrocellulose(46.4%) and ethanol(45.3%). Comparing six tasks, the task of manicuring used the most products at 222 products
containing 91 ingredients. Among the 125 ingredients, there are 31 chemicals with occupational exposure limits(OEL) designated
by the Ministry of Employment and Labor(MoEL), eight categorized as carcinogens, one mutagen and two reproductive toxic
chemicals. In terms of carcinogens, formaldehyde was identified as the only confirmed human carcinogen(1A). We found that
there was one chemical with a permissible limit, one special management substance, 18 workplace monitoring substances and ten
special health diagnosis substances regulated by ISHA. For CSCA, nine poisonous substances, six substances requiring
preparation for accidents and one restricted substance were identified.

Conclusions: Based on these findings, formaldehyde was identified as one of the chemicals that should most strictly be controlled
for the protection of the health of nail technicians and customers. At the same time, it is necessary to distribute materials with
detailed hazardous information of nail care products for nail shop technicians.
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Table 1. Frequency of chemical ingredients founded in products used at nail shops by six task categories
No Ingredients CAS No.  Manicuring app{li-igtion Nail wrap L;?)L\Sgefl Gel nail Nail art Total
1 Ethyl acetate 141-78-6 166 (74.8) 28 (82.4) 19 (82.6) 80 (72.1) 44 (86.3) 337 (72.0)
2 n-Butyl acetate 123-86-4 177 (79.7) 4 (11.8) 4 (148) 77 (69.4) 44 (863) 336 (71.8)
3 Isopropanol 67-63-0 138 (62.2) 80 (72.1) 44 (863) 262 (56.0)
4 Benzophenone 119-61-9 84 (37.8) 12 (444) 93 (83.8) 50 (98.) 239 (51.1)
5 Nitrocellulose 9004-70-0 96 (43.2) 77 (69.4) 44 (86.3) 217 (46.4)
6  Ethanol 64-17-5 100 (45) 4 (11.8) 15 (55.6) 93 (83.8) 212 (45.3)
7 Alizurol purple 81-48-1 111 (50.0) 12 (444) 77 (694) 6 (11.8) 206 (44.0)
8  Trimethylolpropane trimetharylate 3290-92-4 41 (18.5) 93 (83.8) 44 (86.3) 178 (38.0)
9 Triethylene glycol dimethacrylate 109-16-0 77 (34.7) 93  (83.8) 170 (36.3)
10 Ethyl methacrylate 97-63-2 43 (194) 8 (235) 6 (26.1) 12 (444) 93 (83.8) 162 (34.6)
11 1-hydroxy cyclohexyl phenyl ketone 947-19-3 43 (194) 8 (235 6 (26.]) 98 (88.3) 155 (33.1)
12 Tetracthylene glycol dimethacrylate 109-17-1 43 (194) 8 (235 6 (26.1) 93  (83.8) 150 (32.1)
13 Aliphatic urethane acrylate oligomer 55818-57-0 43 (19.4) 93  (83.8) 136 (29.1)
14 Silica 7631-86-9 43 (194 11 (40.7) 82 (73.9) 136 (29.1)
15 2-hydroxyethyl methacrylate 868-77-9 18 (52.9) 13 (56.5) 12 (444) 77 (69.4) 120 (25.6)
16  Dimethyl silicone oil 9006-65-9 109 (49.1) 109 (23.3)
17 Formaldehyde 50-00-0 32 (144) 77  (69.4) 109 (23.3)
18  Polypropylene glycol 25322-69-4 32 (14.4) 77 (69.4) 109 (23.3)
19 Propylene glycol dicaprylate 68583-51-7 32 (144) 77 (69.4) 109 (23.3)
20 Ethyl cyanoacrylate 7085-85-0 7 (206) 11 (47.8) 82 (73.9) 100 (21.4)
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No Ingredients CAS No.  Manicuring appgcig tion Nail wrap L}i?):jgefl Gel nail Nail art Total

21  Polymethyl methacrylate 9011-14-7 4 (174) 11 (40.7) 82 (73.9) 97 (20.7)
22 Ethyl carbamate 51-79-6 93  (83.8) 93 (19.9)
23 Titanium dioxide 13463-67-7 11 (40.7) 82 (73.9) 93 (19.9)
24 Ethylene methacrylate 97-90-5 12 (444) 77 (69.4) 89 (19.0)
25  lodobenzene 591-50-4 77 (694) 6 (11.8) 83 (17.7)
26  Methyl acrylate 96-33-3 77 (694) 6 (11.8) 83 (17.7)
27  Methyl acetate 79-20-9 50 (23) 77 (69.4) 82 (17.5)
28  2-hydroxy-2-methyl-1-phenyl propanone 7473-98-5 77 (69.4) 77 (16.5)
29 Acrylic acid 79-10-7 77 (69.4) 77 (16.5)
30  Acrylic oligomer 1184916-69-5 77 (69.4) 77 (16.5)
31  Biphenyl 92-52-4 77 (69.4) 77 (16.5)
32 Eﬁgi’;ﬁﬁf’tfi'égmethylbenz"yl) 75980-60-8 77 (694) 77 (165)
33 Methyl t-butyl ether 1634-04-4 77 (69.4) 77 (16.5)
34 Propylene 115-07-1 77 (69.4) 77 (16.5)
35 Thiodiglycol 111-48-8 77 (69.4) 77 (16.5)
36  Vinyl acetate 108-05-4 77 (69.4) 77 (16.5)
37  Aloe barbadensis (aloe vera) extract 85507-69-3 66 (29.7) 66 (14.1)
38 Anethole 104-46-1 66 (29.7) 66 (14.1)
39  Aqua/water 7732-18-5 66 (29.7) 66 (14.1)
40  Propylene glycol 57-55-6 66 (29.7) 66 (14.1)
41 Tocopherol 1406-18-4 66 (29.7) 66 (14.1)
42 Acetone 67-64-1 34 (153) 10 (294) 6 (26.1) 8 (72 58 (124)
43 Methyl ethyl ketone 78-93-3 56 (25.2) 56 (12)
44 2,4-dihydroxy benzophenone 131-56-6 43 (194) 43 (9.2)
45 4-hydroxy-4-methyl-2-pentanone 123-42-2 43 (194) 43 (9.2)
46 Aluminum oxide 1344-28-1 43 (19.4) 43 (9.2)
47  Barium sulfate 7727-43-7 43 (194) 43 (9.2)
48 gfmee’mli?ﬁmg‘;’dggfgﬁfyﬁ:x:i“w" 94891-33-5 43 (19.4) 43 (9.2)
49  Calcium hydride identification 7789-78-8 43 (19.4) 43 (9.2)
50  Citric acid 77-92-9 43 (194) 43 (9.2)
51  Diamond 7782-40-3 43 (194) 43 (9.2)
52 Glassy calcium magnesium phosphate 65997-17-3 43 (19.4) 43 (9.2)
53 Hydrogenated polyisobutylene 68937-10-0 43 (19.4) 43 (9.2)
54 Hydroxy propyl cellulose 9004-64-2 43 (194) 43 (9.2)
55  Isobutyl acetate 110-19-0 43 (19.4) 43 (9.2)
56  Mica 12001-26-2 43 (19.4) 43 (9.2)
57  n-Butyl alcohol 71-36-3 43 (194) 43 (9.2)
58  n-Ethyl-o-toluene sulfonamide 1077-56-1 43 (194) 43 (9.2)
59  Palmitic acid 57-10-03 43 (19.4) 43 (9.2)
60  Polyethylene terephthalate 25038-59-9 43 (19.4) 43 (9.2)
61  Propylene glycol mono methyl ether acetate 108-65-6 43 (194) 43 (9.2)
62 p-toluene sulfonamide 70-55-3 43 (19.4) 43 (9.2)
63 Tin oxide 18282-10-5 43 (19.4) 43 (9.2)
64 Xylene 1330-20-7 43 (19.4) 43 (9.2)
65  Methacrylic acid 79-41-4 22 (647) 13 (565) 4 (14.8) 39 (83)
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No Ingredients CAS No.  Manicuring appl—fcig tion Nail wrap L;?)"\Sgefl Gel nail Nail art Total

66  Nitroethane 79-24-3 34 (153) 2 (59 36 (7.7)
67  Acrylates copolymer 25133-97-5 34 (15.3) 34 (7.3)
68  Astemizole 68844-77-9 34 (15.3) 34 (7.3)
69  Cellulose acetate butyrate 9004-36-8 34 (15.3) 34 (7.3)
70  Limonene 138-86-3 34 (15.3) 34 (73)
71 Methyl soyate 67787-80-9 34 (15.3) 34 (13)
72 Octinoxate 5466-77-3 34 (15.3) 34 (73)
73 Sucrose benzoate 12738-64-6 34 (15.3) 34 (7.3)
74 Thymol 89-83-8 34 (15.3) 34 (13)
75  Triphenyl phosphate 115-86-6 34 (15.3) 34 (7.3)
76  Vitis vinifera (grape) seed oil 84929-27-1 34 (153) 34 (7.3)
77  2-hydroxy-4-methoxybenzophenone 131-57-7 32 (144 32 (6.8)
78 g:?ﬁfﬁf;ﬁfgh"Xybenmphemne' 4065-45-6 32 (14.4) 32 (68)
79  Ascorbyl (vitamin c) palmitate 137-66-6 32 (144 32 (6.8)
80  Behentrimonium methosulfate 81646-13-1 32 (14.4) 32 (6.8)
81  Brilliant blue 3844-45.9 32 (14.4) 32 (6.8)
82  Butyl paraben 94-26-8 32 (144) 32 (6.8)
83  Butylated hydroxytoluene 128-37-0 32 (14.4) 32 (6.8)
84  Cetearylalcohol 8005-44-5 32 (144 32 (6.8)
85  Decanoyl/ octanoyl-glycerides 65381-09-1 32 (144 32 (6.8)
86  Isobutyl paraben 85-72-59 32 (14.4) 32 (6.8)
87  Isopropyl-4-hydroxy benzoate 4191-73-5 32 (144 32 (6.8)
88  Lecithin 8002-43-5 32 (144) 32 (6.8)
89 Methyl paraben 99-76-3 32 (144) 32 (6.8)
90  Octyl palmitate 20806-73-3 32 (14.4) 32 (6.8)
91  Persea gratissima (avocado) extract 84695-98-7 32 (14.4) 32 (6.8)
92 Pyrus communis (pear) fruit extract 90082-43-2 32 (14.4) 32 (6.8)
93 Quinoline yellow 8004-92-0 32 (14.4) 32 (6.8)
94  Pentasodium tripolyphosphate 7758-29-4 11 (40.7) 5 4.5) 16 (3.4
95  Isobutane 75-28-5 2 (09 8 (239 5 4.5) 15 (3.2
96  Dimethyl tolylamine 99-97-8 2 (5.9) 12 (44.4) 14 (3.0
97  Hydroquinone 123-31-9 7 (20.6) 7 (304) 14 (3.0
98  Naphtha, light aromatic solvent 64742-95-6 8 (235 6 (26.1) 14 (3.0
99  2-hydroxy-4-n-octyloxy benzophenone 1843-05-6 12 (44.4) 12 (2.6)
100 Acrylic copolymer 9063-87-0 6 (27 6 (11.8) 12 (2.6)
101 Glycerol dimethacrylate 1830-78-0 12 (44.4) 12 (2.6)
102 Hydroxypropyl methacrylate 27813-02-1 12 (44.4) 12 (2.6)
103  Ammonium hydroxide 1336-21-6 11 (324) 11 (24
104 Benzoyl peroxide 94-36-0 11 (40.7) 11 (24
105 C.iacid red 114 6459-94-5 11 (40.7) 11 (24)
106  C.i.basic red 9 569-61-9 11 (40.7) 11 (24
107  Enalapril maleate 76095-16-4 11 (324) 11 (24
108  Methyl methacrylate 80-62-6 11 (40.7) 11 (24
109  Benzyl benzoate 120-51-4 9 @0 9 (19
110 Canadian fir needle oil 8021-28-1 9 (41 9 (L9
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No Ingredients CAS No.  Manicuring applfcigﬁm Nail wrap L;‘gi‘vigef‘ Gel nail ~ Nail art  Total
111 Citrus sinensis essential oil 8000-57-9 9 (4.1) 9 (19
112 Coumarin 91-64-5 9 (41) 9 (19
113 Dipropylene glycol 25265718 9 (4.1) 9 (19
114 Ethyl vanillin 121324 9 (41 9 (19
115 Eugenol 97-53-0 9 (41 9 (19
116 Isobornyl acetate 125122 9 (41 9 (19
117  Ethylene glycol mono-n-butyl ether 111762 8 (3.6) 8 (17
118 n-Butyl methacrylate 97-88-1 4 (1) 4 (148) 8 (17
119 Isododecane 31807553 6 (2.7) 1 @0 7 (15
120 Toluene 108883 7 (32) 7 (15)
121 Ethylene glycol 107-21-1 6 (118 6 (13)
122 n-Butyl phthalate 84742 6 (@7 6 (13)
123 Sunflower oil 8001216 6 (2.7) 6 (13)
124 Urethane acrylate oligomer 73324-00-2 5 (@45) 5 (LD
125 Aprotinin 9087-70-1 1 (0.5) 1 (02
Total 222 (100) 34 (100) 23 (100) 27 (100) 111 (100) 51 (100) 468 (100)
Values are presented as a number of products containing ingredient(percentage of ingredients found in products)
n-butyl acetate(71.8%), isopropanol(56%), benzophenone HE9 0|83l 125% -“i'—.J CAS W59} v stk
(51.1%), nitrocellulose(46.4%), ethanol(45.3%) <=©]|3ith A3} Table 29} o] & %é | =&7]&8A
7} ARgda sy £5&F EE 20 AE 7 TWA E= STEL), JJ g¢ HA, E= CMR &
o 91%9] et Zo| x3E o] 9, Ttz A A, EAH0A, AAREAEDZE Sl )
A9 Ao U AE V8ol ey g B sgel $1 § 0gel WA 121 T2
of, WlotEol SIAEC] 1259] BshEd ARol, 2T YUL STEL 7122 11, HREE7|HOL 1,
HEmoli 344 F0l 1850) HE, AASolE 27/ Skin HA| AR 250) Bao] RE sk /A v
AlFol 2189] A&, EE43tol= 2370 AlFo] AHE- 2 =27|% & 7F £42 formaldehyde(0.75
Ha QUL S dReRE 1150 Z3HE < mg/m) P, 7P =2 wE27EE 24 9le EE
it ZF B2 T HEA 71 "ol Folx ethanol(1900 mg/m’)o] it
212 ethyl acetate(§] T=3£;82.4%, £=57)3582.6%), ol AHE 7k Qe EXL grjjgion, =&
n-butyl acetate(£>5%21,79.7%), ethanol(2]#=;55.6%), 71E BEA 1ARTRA 523 I E=A7)
1-hydroxy cyclohexyl phenyl ketone(a 4]%;88.3%), = E3) E2LE cthanol?} formaldehyde 2%0]%}
benzophenone(| Y o}E; 98%) o]tk HBEF = 5 t}. 2L} ethanol &F =22 3] 2 7ol 3f
7o) oA HEF gelE EE-2 ethyl acetate(5< FE= Hd EFel7] ol v 4F HeE =2
Z;74.8%, ¥ EE;82.4%, £E5715E82.6%, A U] A E o 2 X 9] ethanol2 3|FE|R] &=} & 4= 9}
;72.1%, Y ©}E;86.3%), n-butyl acetate(FH t}. el A 1A E3-S formaldehyde ¥o|)
HA79.7%, ° E=E11.8%, HFE14.8%, A 4 = e 2(’\?‘3‘01 =4 ARE FA7E AUA
2:69.4%, Ul o}E;86.3%), ethyl methacrylate(£:% o, FEIZ BERS7|ds SAHV SEIA g2 &=
&21:19.4%, ¥ E3E;235%, £E5713126.1%, 2 H Z) ®7] %Qﬁ titanium dioxide, methyl t-butyl
=;44.4%, A 9Y;83.8%) Stk ether, vinyl acetate, hydroquinone, ethylene glycol
mono-n-butyl ethero]11l, =&7]|& BEo= glle
2) AAd3F =&7]%F U CMR(Carcinogen, Mutagen, L}, TARCOJ|A] Group 2A(probable carcinogens)@ -+
Reproductive Toxic) 3 7} 53513l 9l ethyl carbamate”} )it
ILEEFHY =E7]E 5537 IARCO| Wb AN ol =82 T 2(AAAIEe &
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Table 2. Exposure limits and chronic toxicity of ingredients

Exposure limit of MoEL, mg/m’

Ne Ingredients CAS No. proljlﬁ.(’t(s)(f;%) TWA  STEL Notation Carcinogenicity Mutagenicity Reproductive
toxicity

1 Ethyl acetate 141-78-6 337 (72.0) 1400

2 n-Butyl acetate 123-86-4 336 (71.8) 710 950

3 Isopropanol 67-63-0 262 (56.) 480 980

4 Ethanol 64-17-5 212 (453) 1900 lge(j;i;’;‘é’slic

5 Formaldehyde 50-00-0 109  (233) 0.75 1.5 1A

6  Ethyl carbamate 51-79-6 93  (19.9) N

7  Titanium dioxide 13463-67-7 93 (19.9) 10 2

8  Methyl acrylate 96-33-3 8  (17.7) 7 Skin

9  Methyl acetate 79-20-9 82  (17.5) 610 760

10 Acrylic acid 79-10-7 77 (16.5) 6

11 Biphenyl 92-52-4 77 (16.5) 1.5

12 Methyl t-butyl ether 1634-04-4 77 (16.5) 180 2

13 Vinyl acetate 108-05-4 77 (16.5) 10* 157 2

14 Acetone 67-64-1 58 (12.4) 1188 1782

15 Methyl ethyl ketone 78-93-3 56 (12) 590 885

16  4-hydroxy-4-methyl-2-pentanone 123-42-2 43 9.2) 240

17 Aluminum oxide 1344-28-1 43 9.2) 10

18 Isobutyl acetate 110-19-0 43 9.2) 700 875

19 Mica 12001-26-2 43 9.2) 3

20 n-Butyl alcohol 71-36-3 43 9.2) 60

21 Xylene 1330-20-7 43 9.2) 435 655

22 Methacrylic acid 79-41-4 39 (8.3) 70

23 Nitroethane 79-24-3 36 (7.7) 310

24  Triphenyl phosphate 115-86-6 34 (7.3) 3

25 Butylated hydroxytoluene 128-37-0 32 (6.8) 2

26 Hydroquinone 123-31-9 14 3.) 2 2 2

27 Benzoyl peroxide 94-36-0 11 2.4) 5

28  Methyl methacrylate 80-62-6 11 24 205 410

29  Ethylene glycol mono-n-butyl ether  111-76-2 8 1.7) 97 Skin 2

30 Toluene 108-88-3 7 (1.5) 188 560 2

31 Ethylene glycol 107-21-1 6 (1.3) C 100

32 n-Butyl phthalate 84-74-2 6 (1.3) 5 1B
Total number of chemicals 468  (100) 30 12 2 8 1 2

MoEL : Ministry of Employment and Labor
. " unit : ppm
Classified by International Agency for Research on Cancer

http://iwww.kiha.kr
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tolueneo| &1 % it} A #e e wa = B Th methyl ethyl
ketoneX} toluen ZrAst A=A A}, EALAE

O
3) 852 BAAE 4§ g B o4 5 AeEd 5
AReb} shebyel selE Y B
of A gH Bao] QA HrAEH A3t Table 33
2ol & 207)9] Bol ShelEgit. ARRPH ol V.o &

387|% olstR Aok st B SHAE

Qo= mE formaldehydeUP AL, AATAE WY AR FARE S thaket 250 FehEde] §
A O Bl 18%, E4AAT g Bde S AEEL AMESt] EHED 7A didsiy
10%-0] 23l zao*n} shebylo] vl 24 %53} vln &, ol AlEsty] el e flskgEe] =
o AT GEE 9% ALYHED 63, AVELL zo] slssich 02 FAREHUS. EPA)OIAE U]
1 %\—019}1’/} formaldehydeh ArQHH ol S871E & A A FAES AR E el f71ERE
7], Edpa]ea, ﬁcgﬂﬁixé, Sedddd WY gEso ned w5 AAr st Bustn
B m gL S £ Al gom et relg slgolx ghe A AR A
=4, AEAelE B dgEe] RS Bttt 3 oejn whg ml A3 & &4 59 A3t

Table 3. Ingredients controled by chemicals management regulations in Korea

No Ingredients Industrial Safety and Health Act Chemical Substances Control Act
Perrr.lis'ible Special Wor}(plz.we Shpceaclifll Poisonous Sut;)srt;il;l:rzstl;iqlfl(l)rrlng Restricted
Limit Management monitoring diagnosis substances accidents substances
1 Ethyl acetate N N N
2 n-Butyl acetate N
3 Isopropanol v v
4 Formaldehyde N N N N v v v
5 Ethyl carbamate N
6  Titanium dioxide v
7 Methyl acrylate N
8  Methyl acetate v
9 Acrylic acid N N
10 Vinyl acetate v
11 Acetone N v
12 Methyl ethyl ketone v v v v
13 Isobutyl acetate N
14 Mica N
15  n-Butyl alcohol N N
16  Xylene v v v
17  Triphenyl phosphate N
18  Hydroquinone v v v
19  Ethylene glycol mono-n-butyl ether N N
20  Toluene N v v v
21  Ethylene glycol N N
22 n-Butyl phthalate v
Total number of chemicals 1 1 18 10 9 6 1

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(4): 446-464 http://www.kiha.kr/



=
S

E()

Al
Al

« 21
=

e

Table 4. Potential symptoms and health effects of overexposure to ingredients used in nail care products listed by US EPA*

Ingredients N(%)* Usage Symptoms of overexposure
Acetone 58(12.4)  Nail polish remover, Headache, dizziness, irritation to skin, eyes, and throat, and central
fingernail glue remover  nervous system depression
Benzoyl peroxide 11(2.4) Powder additive for Irritation to eyes, skin, nose, mouth, throat, and lungs, and skin rash
artificial nails
Butyl acetate 336(71.8) Nail polish Irritation to eyes, skin, nose, mouth, and throat, headache, drowsiness,
skin rash, confusion and/or haziness
Butyl methacrylate 8(1.7) Artificial nails Irritation to eyes, skin, nose, mouth, and throat, shortness of breath,
and skin rash
Camphor 0(0) Nail polish Irritation to eyes, skin, nose, mouth, and throat, nausea, vomiting,
diarrhea, headache, dizziness
Dibutyl phthalate 6(1.3) Nail polish, Irritation to eyes, stomach, and upper respiratorys ystem.
(n-Butyl phthalate) nail hardener Prolong exposure to high concentrations may be hazardous to human
reproduction and development
Ethyl acetate 337(72.0) Nail polish, [rritation to eyes, skin, nose, mouth, and throat, skin rash, confusion
fingernail glue and/or haziness
Ethyl cyanoacrylate 100(21.4) Fingernail glue Irritation to eyes, mucous membranes, and skin, and skin sensitization
Ethyl methacrylate 162(34.6)  Artificial nails Irritation to eyes, skin, and respiratory track, and skin sensitization
Formalin 109(23.3) Nail hardener Irritation to eyes, nose, skin, throat and respiratory system, and
(Formaldehyde) wheezing. Prolonged exposure may cause asthma-like respiratory
problems and a carcinogen
Hydroquinone 14(3.0) Artificial nails Irritation and inflammation to eyes, irritation to skin, skin rash, and
in more serious cases of overexposure, colored urine, nausea,
dizziness, rapid breathing, muscle contraction, and central nervous
system excitement
Isobutyl methacrylate 0(0) Artificial nails Irritation to eyes, skin, nose, mouth, throat, and lungs
Methacrylic acid 39(8.3) Artificial nails Irritation to eyes, skin, nose, mouth, and throat, burning of eyes and
skin, shortness of breath, labored breathing, and cough
4-methoxyphenol 0(0) Artificial nails Irritation to eyes and skin, burning of eyes and skin, and central
nervous system depression
Methyl ethyl ketone 56(12.0)  Nail polish, nail polish Irritation to eyes, skin, nose, mouth, and throat, cough, headache,
remover, artificial nail dizziness, drowsiness, vomiting, and skin rash
remover
Methyl methacrylate 11(2.4) Artificial nails Irritation to eyes, skin, nose, mouth, and throat, sore throat, cough,

Poly (ethyl/methyl methacrylate) 97(20.7)

Titanium dioxide

Toluene

93(19.9)

7(L.5)

Tosylamide Formaldehyde Resin 0(0)

Powder for artificial nails

Nail polish, powder for
artificial nails

Nail polish,
fingernail glue

Nail hardener, nail polish

shortness of breath, and skin rash
Irritation to the eyes, skin, and throat (by inhalation)

Lung fibrosis and may be an occupational carcinogen

Irritation to eyes and nose, weakness, exhaustion, confusion,
inappropriate feelings of happiness, dizziness, headache, dilated
pupils, runny eyes, anxiety, muscle fatigue, inability to sleep, feeling
of numbness/tingling, skin rash, and in more serious cases of
overexposure or intentional abuse, liver and kidney damage

Irritation to skin and skin rash

" Reference : US EPA, 2007 ' Frequency of ingredients in products
sk S glekn Awshe W A BARE 7
FETE 7t 7ol=E AABEL AUTHUS EPA,
2007)

US EPAQ] 7jol=of A= Mgt lFAl A7)
WS Folsfof & HEAQ FAHNE 0FS B

http://iwww.kiha.kr
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2 &2 QIgt F%(O0R, 3.6; CI, 1.7-7.5), +=(OR,
13.1; CI, 5.7- 30.1), Z(OR, 54; CI, 21.6-134.8), &=
(OR, 4.3; CI, 2.2-8.5) 2 TF(OR, 5.2; CI, 2.1-13)
A 5o 34 Ehgl BAHCR $oa
(p<0.01) =9ttt B TEFT QlckPark et al, 2014).
olelgh B4 B4 AL AR AT Ado|HE
SAFHA Yelbdth(Harris-Roberts et al., 2011). =+
Aot oAl aE AFolA 2R Y AF F
O] GOl ek, 2. % 59 4
& Eaeln gt ol AT B A%
3 Eﬂ%%% 2 ?a_ = Sleh

q g & o B W

S713}5HE-2 acetone, methyl

=
[e)

k

A o2 of

A
l
%

1201

ool

P A /\15101 < Fa
ethyl ketone, ethanol, isopropanol, n-butyl alcohol,
toluene, ethyl benzene, xylene, methyl methacrylate,
formaldehyde %5 ©]|%1th(Froines & Garabrant, 1986;
Hiipakka & Samimi, 1987; Gijelstad et al., 2006;
Yang et al., 2010; Quach et al., 2011; Park et al.,
2014). 2 dAtolA &lE stekEd AR e F
125%F0]%la, Y4 ’EFOHH 7V dubElo g o]Fof
A= &EEZ (manicuring) o RE 915-9] ﬁ}i}%é‘ol
FeE ok 2AH 22 F 18T =SS
o] AAx]o] 9= EA-L 315012, AR o%t
S ESE NG =224 1850t wheba] dA
7HAl SOl A leEB7E7L o] RO A A AL Sl =
o] wo| 9t E3] HerA 1Ao|HA EEIY
=2 E A o] ¢l formaldehydeo} BHIA 22
F% titanium dioxide, methyl t-butyl ether, vinyl

Siid

acetate, hydroquinone, ethylene glycol mono-butyl
cther 52 F=dljof & EdEo|th

McNary & Jackson(2007)2 w|= ZHE]Z Lo} 3 30
A A AelA v BARer 148 Aoz §
7] % formaldehyde =5 SAlo| &A3+ ZAxut
0.0012-0.0038 ppm2.2 TWA 7]Z 0.5 ppm T} w
9 e szolginyy musch et I oA
438t AH(Yang et al., 2010)o] 4= 0.01-0.21 ppm
(GM 0.06 ppm)©.2 =F7|EH = WA vj=9]
=g aabacts B9k JeongQ01Ne] S 359
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Supplement 1. List of chemical ingredients of products used in nail shops

Job Task Product group pT:&uzfs Ingredient CAS No. xgz:gﬁz
Manicuring Basecoat Base coat 5 Ethyl acetate 141-78-6 40
Isopropanol 67-63-0 10
Methyl acetate 79-20-9 20
n-Butyl acetate 123-86-4 50
Nitrocellulose 9004-70-0 20
Streng:ﬁéning 7 n-Butyl acetate 123-86-4 30
Ethyl acetate 141-78-6 85
Isopropanol 67-63-0 20
Methyl ethyl ketone 78-93-3 15
n-Butyl acetate 123-86-4 20
Nitrocellulose 9004-70-0 20
Toluene 108-88-3 30
Disinfection Disinfectant 2 Ethylene glycol mono-n-butyl ether 111-76-2 5
Isopropanol 67-63-0 20
Styptic 1 Aprotinin 9087-70-1 <0.5
Enamel Dry 2 Ethyl acetate 141-78-6 20
Isobutane 75-28-5 80
Enamel 41 Benzophenone 119-61-9 1
Ethyl acetate 141-78-6 85
Isopropanol 67-63-0 10
n-Butyl acetate 123-86-4 20
Nitrocellulose 9004-70-0 20
Trimethylolpropane trimetharylate 3290-92-4 1
Remover 34 Acetone 67-64-1 100
Alizurol purple 81-48-1 1
Aloe barbadensis (aloe vera) extract 85507-69-3 1
Anethole 104-46-1 1
Aqua/water 7732-18-5 10
Astemizole 68844-77-9 1
Ethanol 64-17-5 50
Ethyl acetate 141-78-6 1
Isopropanol 67-63-0 100
Limonene 138-86-3 1
Methyl soyate 67787-80-9 2
n-Butyl acetate 123-86-4 50
Nitroethane 79-24-3 55
Octinoxate 5466-77-3 1
Propylene glycol 57-55-6 1
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Job Task Product group pI;I()c’(iuzfs Ingredient CAS No. xgz:gﬁz
Thymol 89-83-8 1
Tocopherol 1406-18-4 1
Vitis vinifera (grape) seed oil 84929-27-1 1
Massage Aroma 9 Benzyl benzoate 120-51-4 <0.5
Canadian fir needle oil 8021-28-1 <0.5
Citrus sinensis essential oil 8000-57-9 <0.5
Coumarin 91-64-5 <0.5
Dipropylene glycol 25265-71-8 <0.5
Ethyl vanillin 121-32-4 <0.5
Eugenol 97-53-0 1
Isobornyl acetate 125-12-2 <0.5
Lotion 32 2-hydroxy-4-methoxybenzophenone 131-57-7 1
i-l;z;i;oxy—4-methoxybenzophenone-5-sulphon1 4065-45-6 1
Aloe barbadensis (aloe vera) extract 85507-69-3 1
Anethole 104-46-1 1
Aqua/water 7732-18-5 90
Ascorbyl (vitamin c) palmitate 137-66-6 1
Behentrimonium methosulfate 81646-13-1 3
Brilliant blue 3844-45-9 1
Butylated hydroxytoluene 128-37-0 1
Butyl paraben 94-26-8 1
Cetearylalcohol 8005-44-5 1
Decanoyl/ octanoyl-glycerides 65381-09-1 1
Dimethyl silicone oil 9006-65-9 5
Ethanol 64-17-5 1
Formaldehyde 50-00-0 1
Isobutyl paraben 85-72-59 1
Isopropyl-4-hydroxy benzoate 4191-73-5 1
Lecithin 8002-43-5 1
Methyl paraben 99-76-3 1
Octyl palmitate 29806-73-3 1
Persea gratissima (avocado) extract 84695-98-7 1
Polypropylene glycol 25322-69-4 1
Propylene glycol 57-55-6 5
Propylene  glycol dicaprylate 68583-51-7 1
Pyrus communis (pear) fruit extract 90082-43-2 1
Quinoline yellow 8004-92-0 1
Tocopherol 1406-18-4 1
Oil 0il 6 Isododecane 31807-55-3 70
Sunflower oil 8001-21-6 95
Top coat Gloss product 6 Acrylic copolymer 9063-87-0 30
Ethylene glycol mono-n-butyl ether 111-76-2 5
Isopropanol 67-63-0 100
Methyl ethyl ketone 78-93-3 40
n-Butyl acetate 123-86-4 50
n-Butyl phthalate 84-74-2 20
Top coat 43 1-hydroxy cyclohexyl phenyl ketone 947-19-3 5
2,4-dihydroxy benzophenone 131-56-6 1
4-hydroxy-4-methyl-2-pentanone 123-42-2 1
Aliphatic urethane acrylate oligomer 55818-57-0 75
Alizurol purple 81-48-1 1
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Job Task Product group pT:&ugfs Ingredient CAS No. xsz:gﬁz
Aluminum oxide 1344-28-1 1
Barium sulfate 7727-43-7 1
Benzene methanaminium,
N,n-dimethyl-n-octadecyl-, chloride, 94891-33-5 2
Reaction products with hectorite
Benzophenone 119-61-9 1
Calcium hydride identification 7789-78-8 1
Citric acid 77-92-9 1
Diamond 7782-40-3 1
Dimethyl silicone oil 9006-65-9 1
Ethyl acetate 141-78-6 50
Ethyl methacrylate 97-63-2 10
Glassy calcium magnesium phosphate 65997-17-3 1
Hydrogenated polyisobutylene 68937-10-0 1
Hydroxy propyl cellulose 9004-64-2 20
Isobutyl acetate 110-19-0 50
Isopropanol 67-63-0 100
Methyl ethyl ketone 78-93-3 5
Mica 12001-26-2 1
n-Butyl acetate 123-86-4 50
n-Butyl alcohol 71-36-3 10
n-Ethyl-o-toluene sulfonamide 1077-56-1 2
Nitrocellulose 9004-70-0 20
Palmitic acid 57-10-03 <0.5
Polyethylene terephthalate 25038-59-9 <0.5
Propylene glycol mono methyl ether acetate 108-65-6 1
p-toluene sulfonamide 70-55-3 10
Silica 7631-86-9 1
Tetracthylene glycol dimethacrylate 109-17-1 20
Tin oxide 18282-10-5 1
Triethylene glycol dimethacrylate 109-16-0 10
Xylene 1330-20-7 1
Top cout 34 Acrylates copolymer 25133-97-5 5
Alizurol purple 81-48-1 1
Cellulose acetate butyrate 9004-36-8 20
Dimethyl silicone oil 9006-65-9 1
Ethanol 64-17-5 20
Ethyl acetate 141-78-6 20
n-Butyl acetate 123-86-4 45
Sucrose benzoate 12738-64-6
Triethylene glycol dimethacrylate 109-16-0
Triphenyl phosphate 115-86-6
Tip application Glue Bond 11 2-hydroxyethyl methacrylate 868-77-9 10
Ammonium hydroxide 1336-21-6 1
Enalapril  maleate 76095-16-4 10
Ethyl acetate 141-78-6 100
Methacrylic acid 79-41-4 10
Dry 8 1-hydroxy cyclohexyl phenyl ketone 947-19-3 3
Acetone 67-64-1 100
Ethyl acetate 141-78-6 85
Ethyl methacrylate 97-63-2 10
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Job Task Product group pT:&ugfs Ingredient CAS No. xsz:gﬁz
Isobutane 75-28-5 80
Naphtha, light aromatic solvent 64742-95-6 1
Tetraethylene glycol dimethacrylate 109-17-1 20
Glue 7 2-hydroxyethyl methacrylate 868-77-9 10
Ethyl acetate 141-78-6 85
Ethyl cyanoacrylate 7085-85-0 99
Hydroquinone 123-31-9 1
Methacrylic acid 79-41-4 10
Tip liquid 2 Dimethyl tolylamine 99-97-8 1
Ethyl acetate 141-78-6 99
Primer 4 Ethanol 64-17-5 31
Methacrylic acid 79-41-4 55
n-Butyl acetate 123-86-4 20
n-Butyl methacrylate 97-88-1 15
Tip 2 Acetone 67-64-1 100
Nitroethane 79-24-3 55
Nail wrap Glue Bonder 6 2-hydroxyethyl methacrylate 868-77-9 10
Ethyl acetate 141-78-6 85
Methacrylic acid 79-41-4 10
Dry 6 1-hydroxy cyclohexyl phenyl ketone 947-19-3 3
Acetone 67-64-1 100
Ethyl acetate 141-78-6 85
Ethyl methacrylate 97-63-2 10
Naphtha, light aromatic solvent 64742-95-6 1
Tetraethylene glycol dimethacrylate 109-17-1 20
Glue 7 2-hydroxyethyl methacrylate 868-77-9 10
Ethyl acetate 141-78-6 85
Ethyl cyanoacrylate 7085-85-0 99
Hydroquinone 123-31-9 1
Methacrylic acid 79-41-4 10
Nail wrap Wrap Silk adhesives 4 Ethyl cyanoacrylate 7085-85-0 100
Nail wrap Polymethyl methacrylate 9011-14-7 30
Liquid & powder  Liquid Liquid 12 2-hydroxyethyl methacrylate 868-77-9 5
2-hydroxy-4-n-octyloxy ~ benzophenone 1843-05-6 1
Alizurol purple 81-48-1 1
Benzophenone 119-61-9 2
Dimethyl tolylamine 99-97-8 1
Ethyl methacrylate 97-63-2 90
Ethylene methacrylate 97-90-5 10
Glycerol dimethacrylate 1830-78-0 3
Hydroxypropyl methacrylate 27813-02-1 10
Liquid Powder 11 Benzoyl peroxide 94-36-0 2
C..acid red 114 6459-94-5
C.i.basic red 9 569-61-9 1
Ethanol 64-17-5 40
Methyl methacrylate 80-62-6 50
Pentasodium tripolyphosphate 7758-29-4 90
Polymethyl methacrylate 9011-14-7 50
Silica 7631-86-9 1
Titanium dioxide 13463-67-7 5
Primer 4 Ethanol 64-17-5 31
Methacrylic acid 79-41-4 55
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Job Task Product group pT:&ugfs Ingredient CAS No. xsz:gﬁz
n-Butyl acetate 123-86-4 20
n-Butyl methacrylate 97-88-1 15
Gel nail Base gel Base gel 5 1-hydroxy cyclohexyl phenyl ketone 947-19-3 3
Ethyl cyanoacrylate 7085-85-0 100
Polymethyl methacrylate 9011-14-7 30
Urethane acrylate oligomer 73324-00-2 60
Gel Gel 77 1-hydroxy cyclohexyl phenyl ketone 947-19-3 3
2-hydroxyethyl methacrylate 868-77-9 1
2-hydroxy-2-methyl-1-phenyl  propanone 7473-98-5 5
Acrylic acid 79-10-7 15
Acrylic oligomer 1184916-69-5 55
Aliphatic urethane acrylate oligomer 55818-57-0 50
Alizurol purple 81-48-1 1
Benzophenone 119-61-9 53
Biphenyl 92-52-4 3
L)):}i);l:nyl(Z,4,6-tr1methylbenzoyl) phosphine 75980-60-8 5
Ethanol 64-17-5 50
Ethyl acetate 141-78-6 85
Ethyl carbamate 51-79-6 100
Ethyl cyanoacrylate 7085-85-0 100
Ethyl methacrylate 97-63-2 10
Ethylene methacrylate 97-90-5 43
Formaldehyde 50-00-0 5
Iodobenzene 591-50-4 15
Isopropanol 67-63-0 10
Methyl acetate 79-20-9 15
Methyl acrylate 96-33-3 7
Methyl t-butyl ether 1634-04-4 1
n-Butyl acetate 123-86-4 20
Nitrocellulose 9004-70-0 20
Polymethyl methacrylate 9011-14-7 30
Polypropylene glycol 25322-69-4 2
Propylene 115-07-1 70
Propylene glycol dicaprylate 68583-51-7 2
Silica 7631-86-9 10
Tetraethylene glycol dimethacrylate 109-17-1 20
Thiodiglycol 111-48-8 5
Titanium dioxide 13463-67-7 2
Triethylene glycol dimethacrylate 109-16-0 15
Trimethylolpropane trimetharylate 3290-92-4 25
Vinyl acetate 108-05-4 40
Gel powder 5 Isobutane 75-28-5 10
Pentasodium tripolyphosphate 7758-29-4 100
Silica 7631-86-9 1
Titanium dioxide 13463-67-7 5
Gel remover 5 Acetone 67-64-1 100
Top gel  Gel cleanser 3 Acetone 67-64-1 5
Ethyl acetate 141-78-6 5
Isopropanol 67-63-0 89
Top gel 16 1-hydroxy cyclohexyl phenyl ketone 947-19-3 3
Aliphatic urethane acrylate oligomer 55818-57-0 50
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Job Task Product group pT:&uzfs Ingredient CAS No. xsz:gﬁz

Benzophenone 119-61-9 1
Ethanol 64-17-5 30

Ethyl carbamate 51-79-6 55
Ethyl methacrylate 97-63-2 10

Tetraethylene glycol dimethacrylate 109-17-1 20

Triethylene glycol dimethacrylate 109-16-0 15

Trimethylolpropane trimetharylate 3290-92-4 25
Nail art Decoration ~ Decoration 6 Acrylic copolymer 9063-87-0 100
Alizurol purple 81-48-1 10
Benzophenone 119-61-9 0.5
Ethylene glycol 107-21-1 0.5

Iodobenzene 591-50-4 34

Methyl acrylate 96-33-3 65

Enamel Enamel 44 Benzophenone 119-61-9 1
Ethyl acetate 141-78-6 85

Isopropanol 67-63-0 10

n-Butyl acetate 123-86-4 20

Nitrocellulose 9004-70-0 20

Trimethylolpropane trimetharylate 3290-92-4 1

Oil Oil 1 Isododecane 31807-55-3 70

Total number of products

468
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