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ABSTRACT

Objectives: The purpose of this study is to evaluate airborne concentrations of volatile organic compounds(VOCs)
during nail art practice by college students.

Methods: Personal samples for students were measured using passive samplers(OVM 3500) during three kinds
of practice, including polish nail, gel nail and acrylic French sculpture at two universities located in Gyeongsangbuk—do
Province. We also monitored area concentrations using active samplers and real-time total VOC monitors(ppbRAE
3000). All samples were analyzed with a gas chromatography flame ionized detector. Statistical analysis for
monitored data were conducted using a web-based Bayesian toolkit, EXPOSTATS(www.expostats.ca).
Results: Twenty-four personal samples and ten area samples were collected and five chemicals(acetone, butyl
acetate, ethyl acetate, ethyl methacrylate(EMA) and methyl methacrylate(MMA)) were detected. Acetone was
detected in all personal samples and ranged from 2.58 ppm to 50.3 ppm. EMA was detected in all personal and
area samples with a maximum concentration of 9.78 ppm during acrylic French sculpture. Personal exposure
levels to acetone, butyl acetate and mixtures were significantly higher with high occupant density (p{0.05).
Geometric mean (GM) concentrations of 3.61 ppm for EMA personal samples were significantly higher than that
of area samples, 1.5 ppm (p€0.05). Since there was no local ventilation, total VOC concentration continued to
increase as the practice progressed.

Conclusions: In order to minimize VOCs exposure for trainees, it is necessary to introduce a local ventilation
system and maintain adequate occupant density.

Key words: ethyl methacrylate, methyl methacrylate, nail art practicing, occupant density, volatile organic
compounds
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Table 1. Environmental factors of practice rooms
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(Total Volatile Organic Compounds, TVOCs) &
%7|(ppbRAE 3000)9 &4 9X& HARE AFA &
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iE

Size No. of Occupant density, Practice time

No. of samples

University Room M) students (#/100m?)° (hr) Practices Personal Area
u-1 R-1 31.7 16 50.5 2 Polish nail 4 0
2.5 Gel nail 4 0
R-2 89.9 19 211 25 Acrylic french sculpture 10 10
u-2 R-3 66.1 23 34.8 2 Polish nail 6 0
Total 24 10
" Occupant density(#/100m?)=No. of students/(100 x size)
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Table 2. Procedures according to the type of nail practices

Practices Procedures

Polish nail @ Applying nail care products
@ Applying base coat
® Applying color polish
@ Applying top coat
® Removing polish nail using remover

Gel nail @ Pushing cuticle
@ Shaping using buffer and etching
® Applying nail care products
@ Using gel cleanser to remove oil from the
surface of nails
® Applying base gel and curing by LED lamp
® Applying color gel and curing by LED lamp
@ Applying top gel and curing by LED lamp
Removing uncured gel from nail surface
using remover
® Soaking off using foil and clips
Acrylic @ Applying nail care products and pushing
french cuticle
sculpture

® Shaping using buffer
® Applying nail care products
@ Applying nail form

® Applying liquid monomer to brush and scoop
acrylic powder onto nail surface

® Curing by LED lamp
@ Shaping using buffer
Soaking off using foil and clips
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Table 3. Occupational exposure limits of acetone, butyl acetate, ethyl acetate, ethyl methacrylate and methyl methacrylate

(Unit : ppm)
References Acetone Butyl acetate Ethyl acetate Ethyl methacrylate ~ Methyl methacrylate
TWA" STELT/CEIL(C) TWA STEL/CEIL(C) TWA STEL/CEIL(C) TWA STEL/CEIL(C) TWA STEL/CEIL(C)

KOELs® 500 750 150 200 400 50 100
ACGIH-TLV® 250 500 50 150 400 50 100
NIOSH-RELs™ 250 150 200 400 100
OSHA-PELs' 1000 150 400 100
Swedish-OELVs'" 250 500 100 150 150 300 50 75 50 150

" Time Weighted Average, T : Short-Term Exposure Limit, T : Korean Occupational Exposure Levels(MoEL, 2018), § : American Conference
of Governmental Industrial Hygienists—Threshold Limit Values(ACGIH, 2019), “: National Institute for Occupational Safety and Health—
Recommended Exposure Limits(NIOSH, 2018), ! : Occupational Safety and Health Administration—Permissible Exposure Limits(OSHA, 2017),

Tt . Swedish-Occupational Exposure Limit Values(SWEA, 2005)
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Table 4. Summary of airborne concentrations for acetone, butyl acetate, ethyl acetate, ethyl methacrylate and methyl

methacrylate
(Unit : ppm)
Samplin Occupant  No." o h 9"
Substance tyge g Practices density «LoD") AMT sp¢ GM! GSD Range percentile perC@”EL'Z;OELH
Acetone Personal  Acrylic french sculpture  High 24(0) 124 106 942 212 258 ~ 503 33 0
Gel nail Medium
Polish nail Low
Butyl acetate Personal Acrylic french sculpture  High 24(17) 0.11 0.23 0.01 19.6 (0.005~093 057 0.22
Gel nail Medium
Polish nail Low
Ethyl acetate Personal Acrylic french sculpture High 24(13) 053 035 042 2. (0007 ~13 869 1.84
Gel nail Medium
Polish nail Low
Ethyl Personal  Acrylic french sculpture Low 10000 4.31 263 361 191 1.16 ~ 9.78 11.2 0.44
methacrylate 5o, Acrylic french sculpture  Low 1000 1.78 1.16 15 1.81 0.855 ~ 346 4.14 0.01
Methyl Area Acrylic french sculpture  Low 10(6) 0.05 0.06 0.03 353 (00WB~014 032 1.26
methacwlate

: Total No. of Samples,
: Arithmetic Mean, § :

: {Limited of Detection(butyl acetate=0.005 ppm, ethyl acetate=0.007 ppm, methyl methacrylate=0.003 ppm),

Standard Deviation, !

Mixture*

Ethyl methacrylate®

Category

Black plot :

real monitoring data,

. Geometric Mean, ~

Ethyl acetate® <

Butyl acetate®

Acetone*

Colored plot :

. Geometric Standard Deviation, ¥

SBNNE NS 2B+ »

SN S S BN &

0.01
Concentration

estimated by Bayesian analysis

OEL

. Occupational Exposure Level

Figure 2. Distribution of exposure indices(monitoring concentration/occupational exposure limit) for acetone, butyl acetate,
ethyl acetate, ethyl methacrylate and mixture
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o8 ROl Holg
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Figure 4. Comparison of airborne concentrations for acetone, butyl acetate, ethyl acetate and mixture by practice types
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Figure 5. Comparison of airborne concentrations for acetone, butyl acetate, ethyl acetate and mixture by occupant density
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Figure 6. Comparison of ethyl methacrylate concentration
between personal and area samples
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AAstt. A& A QeZ B7to] gk EMAY
Bi= BARCE 3 ZJolg HTHp0.05). EMA
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“TVOCs : Total Volatile Organic Compounds
Figure 7. TVOCs concentration pattern by practicing times
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2 A= Hioh i ASAHoM Hdote A & 2
Asle F8 VOCs| =g &5 LotHA HAs)
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T, olAEE, OF - £ 52 ATt SRABAE
AN 7= Ao HIH acetoneo] & AFoA F
% 50.3 ppmlE 7P} £ FEE HIY, = HF
-3 52 Aok S 58t 4= Hole A
o7 HIH butyl acetate?} ethyl acetate:= Zdj
0.93 ppm, 1.3 ppm & Eth &2 AqolA=
acetone, butyl acetate, ethyl acetate 2]°f o2&
A A Ale Al A9E B7IRE EMAY MMAR 4=
=t Park et al(2014)2] Al WIYAF SARAFEC]
gt sehEd e A AA A7Fgeol el Brket
Ao A= 50719] AHQJAZONA F 13714 &40l 4
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ppm)°| 7P £ FEE HUI butyl acetate,
ethyl acetate, EMA, MMA°] HE&F At} Park et
al.2014)9] AolA9 Zt 24 SFsk o] &
A+ AF}HET %=, o= & A4Y A vd A
& AlTto] 2417 BER Z-2 ¥ Park et al(2014)
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9] ZAl= Hrt 71 AJ7FESE Al&o] o]Fofxl AR vd
¥ EH4Ttol7| wjEolt}, wl=r Agxyol |4k
oA dst= HIEH A2 U= =& 52 7t
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7b Sl 73%<} Hlwste] {2k Zpol7} AATHQuach
et al., 2011).

Alg 570 OE 5% EXE= 7I1kE A=A 4
249 BT B LE2A5o] did] ERlskn
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A 71 Eo] 2lE EZZ ethyl acetate(§ EXE:
82.4%, £%5715482.6%)2F butyl acetate(&E<LA:
79.7%)°] AAQIL, butyl acetate(EELE79.7%, B
TI11.8%, BHE14.8%, A UY:69.4%, YUY ofE:
6.3%), ethyl acetate(E5E2:74.8%, © THE:82.4%,
£5745182.6%, A v[Y:72.1% WY °FE:86.3%), EMA
(EEEH19.4%, ¥ =R2:23.5%, &5733426.1%, 2
AE:44.4%, A UL:83.8%)7F AT F 5709 FF
oA BlE|ict. wEbA] acetone, butyl acetate,
ethyl acetate= UYUOLE Al& Al ¥4 7FsotH HY
AN =522 5 Utk

st Y yYg AHae EHSH A7) dRg gy
Tof tfgt 7lEo] A gijlen, VOCs w0l 9T
F= 783 9912 AFAY Urel R wetE
=t P52 FS)(American Society of Heating,
Refrigerating and Air-Conditioning Engineers,
ASHRAE)oIA &= AWE71d #5913t 87]7]1200A
= AFS T2 AFAEY 493xet Jo E A
FA4 TEFYFGNAY FHAa Ve Aljtstal gloH,
D4R 257/100m* S 712 AFUERE Abska 9]
THASHRAE, 2003). £ A°llA R-13} R-3& AA
GHATG Y 7 Wol7] e AFdErt =2
Ao = et o|2dt AFdE e E4E v
&S w3t A7} ethyl acetateS A3t acetone,
butyl acetate, mixtures AFEE7} FAZHOE F
OI5HA =A Bttt 18y S48E ZF Ao B
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