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Health effects on workers and actual exposure of VOCs in the nail shops
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ABSTRACT

Objectives: The objective of this study is to evaluate the exposure of VOCs and effects of the chemicals on the nail technicians
whose works in a nail shop.

Methods: For four month from May to August in 2016, we measured twenty-two kinds of VOCs in ten nail shops and carried out
health examinations on thirty-four workers in there.

Results: The TVOC concentration in indoor air of nail shops is 0.487 mg/m’ at a minimum and 33.236 mg/m’ at a maximum where
it consists of 70.5% of Ketones, 25.4% of Alcohols, 2.6% of Esters, 0.8% of Aldehydes and 0.7% of Aromatics. The VOCs
concentration during nail art works shows an increase in average ratio 1.8 compared to the concentration of indoor air quality and
also the concentration of Isopropanol rose with 3.2 of the highest ratio.

The results of Spearman correlation between TVOC concentration in indoor air and environmental factor was like that has
significance level of correlation(p<0.05, r=0.682) in case of number of customers per day, but the other factors were not
meaningful in correlation. Correlation between VOCs and medical check-up items was like that has positive significance level(p
<0.01, r=0.638) between isopropanol and GPT, but the others have not meaningful. The exposure level of VOCs was not exceed
the criteria exposure level 1 of working environment measuring method which announced by labor ministry in all ten nail shop
indoor air quality.

Conclusions: In this study although it was not significant correlation between harmful substances and medical check-up items in
the nail shop indoor air quality, it is necessary to do more ventilation and to install exhaust facilities because of existing high
VOCs concentration in the nail shop indoor air.
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No. Age Period of work(years)
20 - 30 - 40 - 50 - Less than 1 1-5 over 5
Nail shop workers 24 12 6 1 6 13 5
Control Group 10 3 6 0 1 3 6
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Parameters Conditions
TD Desorption temperature 290°C
Desorption time 8 min
Cold trap Air Toxics(Carbopack/Carboxen 1000)
Cold trap low temperature -30C
Cold trap high temperature 305C
Cold trap hold time 3 min
Transfer line temperature 250C
In split 5:1
Agilent GC/MS Column DB-1(60 m x 0.32 mm x 3.0 pm)

Carrier gas and flow
GC temperature program
Detector type

MS source temperature
Electron energy

Mass range

He (99.999%), 1.5 mL/min
40C(5min) — 5C/min — 250°C(5min)
El(quadrupole)

250C

70 eV

35~350 amu
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acetone, ethanol, isopropanol, n-butyl acetate, ethyl
acetate, formaldehyde, toluene =02 =4 LEFGEI,
2714 BAe] FE7}
= 9] alcohol F7} 25.4%,

acetone2 3ETF3F ketoneHF
TVOC *=%2] 70.5%, ethanol

Ventilation time(hour)

) No. Nail shop quking No. Door Ventilator Location Busipess
site cus;g;n—ers size (m’) pe and DOOL x4t cleaner  exhaust  Total time (Floor) periog
y (hour) window window ! (year)
device

A 4 148.5 8 3 0.0 6.0 0.0 6.0 1 5

B 10 148.5 10 6 0.6 8.0 0.0 8.6 1 2

C 12 57.8 10 1 0.0 2.8 0.5 33 1 3

D 11 105.6 10 1 0.8 0.0 0.0 0.8 1 1.4

E 5 123.8 11 1 0.0 0.0 8.5 8.5 1 1

F 82.5 11 8 2.4 0.0 0.0 2.4 2 23

G 1 99.0 9 1 4.1 0.0 0.0 4.1 1 1

H 5 189.8 10 4 4.5 8.0 0.0 12.5 2 0.6

I 2 82.5 10 2 7.0 0.0 0.0 7.0 1 24

J 5 82.5 10 2 1.3 0.0 2.0 33 1 1.4
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Table 4. Concentration of VOCs in indoor air of nail shops (unit : mg/m®)
Items AM’ sp' GM* GSD? Range KOEL' No.(%)"
Ethanol 2.941 3.169 0.645 7.08 0.022 ~ 6.031 1900 77(100)
Acetone 11.602 10.216 4.773 4.68 0.287 ~ 27.255 1188 77(100)
Isopropanol 1.212 2.003 0.181 4.57 0.023 ~ 4.103 480 77(99)
Methyl acetate 0.016 0.012 0.014 1.55 0.007 ~ 0.033 610 77(96)
Methyl ethyl ketone 0.002 0.002 0.002 3.47 ND'~ 0.020 590 77(65)
Ethyl acetate 0.203 0.209 0.086 5.01 ND ~ 0.324 1400 77(99)
Methyl acrylate 0.002 0.002 0.002 1.78 ND ~ 0.005 7 77(58)
n-Hexane 0.004 0.003 0.006 1.82 ND ~ 0.009 180 77(79)
Butanol 0.018 0.018 0.013 1.74 0.006 ~ 0.043 60 77(96)
Benzene 0.001 0.002 0.001 3.63 ND ~ 0.004 3 77(62)
Methyl methacrylate 0.003 0.002 0.003 1.91 ND ~ 0.007 205 77(74)
Isobutyl acetate 0.002 0.003 0.004 1.99 ND ~ 0.009 700 77(57)
Toluene 0.062 0.050 0.044 3.98 ND ~ 0.128 188 77(97)
n-Butyl acetate 0.193 0.257 0.064 6.92 ND ~ 0.493 710 77(96)
Ethylbenzene 0.007 0.006 0.004 3.63 ND ~ 0.016 435 77(100)
m,p-Xylene 0.021 0.260 0.012 245 0.003 ~ 0.073 435 77(100)
0-Xylene 0.014 0.015 0.009 2.40 0.002 ~ 0.044 435 77(100)
Limonene 0.018 0.026 0.010 2.24 0.004 ~ 0.072 - 77(100)
Biphenyl 0.001 0.002 0.004 1.91 ND ~ 0.008 1.5 77(66)
Butylated hydroxytoluene 0.002 0.004 0.012 2.82 ND ~ 0.012 2 77(22)
Formaldehyde 0.089 0.032 0.080 1.41 0.045 ~ 0.138 0.75 43(100)
Acetaldehyde 0.035 0.038 0.030 3.47 ND ~ 0.135 90 43(77)
* . arithmetic mean; ': standard deviation; *: geometric mean; ® : geometric standard; ': Korea occupational exposure limit

T not detected; " : Total No. of samples(detection rate)
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Table 5. Comparison of VOCS concentration between indoor air and air during nail art work

A=

e

. OFX| M

o=

(unit : mg/m®)

VOCS of indoor air

VOCS of air during nail art work

*

Items GM GM Range VOCS ratio No. of samples
Ethanol 0.645 1.216 0.030 ~ 21.496 1.9 51
Acetone 4.773 7.254 0.412 ~ 61.485 1.5 51

Isopropanol 0.181 0.588 0.024 ~ 26.966 32 51
Ethyl acetate 0.086 0.138 0.011 ~ 0.585 1.6 51
Toluene 0.044 0.050 0.006 ~ 0.134 1.1 51
n-Butyl acetate 0.064 0.085 0.006 ~ 0.488 1.3 51

. .
, geometric mean

Conc. VOCS of air during nail art work

VOCS ratio =
Conc. VOCS of indoor air

QI o A bl LA (international agency for research
on cancer, IARC)9] Tr¢HE2 EEof W] 1A E3

2 225 formaldehyde= &% ITHIARC, 2015). &
Ao A= 10714 Y L4FS] formaldehyde 5%
7} 0.080 mgm’Z YEFE=H| Jeong(2011)0] = 3%
ol & AN formaldehyde =5 =43 A3}
AA9] =7} 0.117 mym’ 2 7F T A RARE QoL
Harg \f ik

2) YYUOlLE A& $2] VOCs 5= EX

vl gdarol WEeh nAoA UYotEE Aled
2748 Vocs HE9} A7 $9 VOCs FES
B 13}o] Table 5o UEbTh | UotE A& o
2 7HA] FR7F ANE & Ao Hew
ShA) 9 BE RIS dpaem AlRAFste] 24
SFlT L AnE AWE7] F VOCs FEete] ulg
2 B gFFoa [.8u) 271819 isopropanol©]
320 1% RS MR Z7ks. whel Ay
71 Fol 7MY 2 TR EA5ts AR YE
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oIty 9le] AAAY 2EA §717F FAo] A
WA EIL Q= A7 ot SAEEES0] FAIR
37 o2 wjEE7] fiEe] Ao g AYZHEh oA
d UldotE A& Fof AlsE9 VOCs7h 37] 2
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AHTHE U|olofE ejtol] Fau)7|AAE A
of 3 Aoz WaEch YUolE AlE %9 VOCs
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Table 6. Comparison of TVOC concentration and exposure evaluation in nail shops

Indoor air Air during nail art work
Site Conc. TVOC (mg/m’) Exposure No. of Cone. TVOC (ng/m’) Exposure No. of
GM Range evaluationresult”  samples GM Range evaluationresult”  samples
A 6.812 4.515~10.359 0.210 8 13.181 11.169~17.286 0.224 4
B 9.028 1.773~22.009 0.105 8 12.802 2.869~17.960 0.105 8
C 33.236 4.803~66.456 0.145 8 111.137 33.449~350.512 0.224 10
D 21.909 0.425~8.675 0.210 8 23.083 13.756~43.935 0.216 8
E 0.848 0.503~2.541 0.098 7 1.660 1.636~1.695 0.099 4
F 5.888 0.529~51.269 0.099 5 7.144 0.435~54.192 0.103 5
G 6.935 2.745~45.301 0.171 8 17.303 17.303 0.191 1
H 8.558 1.483~24.345 0.114 8 11.652 1.773~53.554 0.127 5
I 0.487 0.288~0.857 0.068 7 1.403 0.096~22.808 0.075 2
J 32.301 0.347~50.742 0.142 7 50.346 36.372~68.729 0.156 4
" Er:—]l + % + e .t %‘ ( C : Concentration each chemical, T : Exposure standard )
Table 7. Statistical analysis of environmental factors influencing TVOC concentration in indoor air of nail shop
Regression analysis Correlation analysis
Variable R Pearson Spearman
p-value T
r p-value r p-value
No. Customers / day 0.335 0.079 0.605 0.064 0.682 0.030"
Nailshop size (m®) 0.011 0.771 -0.437 0.206 -0.160 0.659
No. Door and window 0.000 0.993 -0.306 0.390 -0.201 0.578
Ventilation time (hour) (total time) 0.193 0.204 -0.515 0.128 -0.328 0.354

3 . . . + . .
$ : coefficient of determination; = : correlation coefficient

T P<0.05

=
=

o EE B A WINLE A2 FUNSE
2

shof SiEAsl HREAE AAstel 1 dua

W2/ ] TVOC 9} 2ola e molx
PATE Ly AHEA S u]ojut Aol A
£ 19 2447 AET) F TVOC 5

E(p-value) 0.0300.2 F= W7o T (monotonic)

A folie] i Aow ek
4. BARE 0] Ol = Qg
D AR A3

3l 21%}Q1 acetone, isopropanol, methyl ethyl ketone,

n-hexane, butanol, benzene, toluene, ethylbenzene,
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Table 8. Summary statistics of physical tests of 24 peoples working in 10 nail shop

Age Period of work(years)

Items Reference

20 - 30 - 40 - 50 - p-value Less than 1 1-5 over 5 p-value
No. of people 24 12 6 5 1 6 13 5
No. of people exceeding 7 1 5 I 0 3 5 5
reference values
GOT blow 40 U/L 18.1 22.0 19.0 23.0 0.355 19.0 20.8 16.6 0.432
GPT blow 35 U/L 12.9 16.0 11.2 11.0 0411 13.7 13.3 12.6 0.060
r-GTP 8-35 U/L 14.5 17.7 13.4 10.0  0.275 14.3 15.4 14.2 0.756
Hemoglobin(Hb) W12-15.5g/gL 13.2 13.3 12.3(1)* 13.3  0.900 13.2 12.9 12.9 0.506
Hematocrit(Hct) W 36-47% 39.1 38.7 36.0(1)° 380 0.441 39.0 37.7 39.0 0.821
Red blood cell 440-560 ten 3 447 426(1)" 417 441  0.735 437 431 447 0.422
thousands/mm
White blood cell 450/&_1::3000 7533 8467(3)" 6620 6400 0.283 8366 7423 6800 0.254
Platelet 15-45 ten 3 28.8 25.3 234 26.0 0.406 25.5 268  27.6 0.282
thousands/mm
Mono 2-10 % 6.1 5.7 6.4 4.6 0380 6.8 5.6 6.2 0.900
Seg 40-80 57.2 60.5(3) 52.7 50.5  0.197 60.9 58.1 48.6 0.012
Differential ™5 ) 0-5 1.9 1.8 3.0 1.5 0.990 1.5 22 25 0358
white count

Lymph 15-44 34.6(1)° 31.83)° 374 432 0.167 30.7 33.8 424 0.012
Baso 0-3 0.2 0.3 0.5 02 0925 0.2 0.3 0.3 0.712
Hippuric acid 0-2.5 g/g crea 0.2 0.2 0.2 0.2 0.579 0.1 0.2 0.2 0.835
Methyl hippuric acid  0-1.5 g/g crea 0.0 0.0 0.0 0.1 0.156 0.0 0.0 0.0 0.229
2.5-Nucleic acid Dion  0-5 g/g crea 0 0 0 0 1.000 0 0 0 1.000

*: Values in parentheses indicate the number of people exceeding reference values specified by the hospital guideline

http://www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(1): 59-69



%{

67

L RIIEEE —EAE QL HZof O/X|

rr
oo

o thgh AIAE Table 9o Uebylict. 5717 L 23 3 toluene % %(0.38~301 mg/m)2} FEAF
At g}Eof 2 benzene2 BMAT 5 XEH7A A & Z ubi Al = 0] ArA| 47} 1=0.624(P<0.01) 2
AlZo 93-S u]X|Il acetone, benzene, ethylbenzene H| w3 =2 AAS Ho|l= Ao 7 2R3 o) Park
2 AAA Y g £t 18] AL toluene, xyleneS 7+ et al.(2016)2] Ao A= toluene 5 5%=(0.016~0.035
Aot BE &A% 2 F vkl WY mg/m)e} FAMA} & F vhiAl FEFe] o] K
nhicibe] FaFE PRI EHMoGL, 2015). & A9 A O|A] gF=thal B stk 2 AFo A= K3 4
AbA 3} isopropanolo] GPT &t §-2J3F 9] k9] ol HolA] grgtetl o= gy AdErl F9

AFA1(0.638, P<0.01)2 LEFH OH TVOCE A toluene =7} ND~0.128 mg/m'2 H| W& W¥7] &
A &2 = 28714 AE9 r-GTPL} Hematocrit(Het) o7 ggrEh

of FoJ3t AIHP<0.05)F Elou AHA (= 2 AT+AT vdaFe] AdE7] Foll vh=re]
2] o= Ao g eIt Lee et al.(2015)2] ¢Lo]| 4] AOTF71§}§:,P§0] ZAQ 5= Aoz Uehgon] ARt

Table 9. Correlation coefficient of indoor pollutant and health check up items

TVOC A B C D E F G H I J K L M N (6] P Q R N T U

TVOC 1
A .
Acetone 974 1
B 214 2248 1
Benzene
C . e
6927 554" 263 1
Isopropanol
D 040 130 029 -195 1
Toluene
E o
Fithylbenzene -096 -.021 .069 -.032 .568 1
F -002 .058 -.096 .081 .532" 915" 1
Xylene
G
GOT 051 -058 -006 .400 -.032 -.101 -003 1
H " -
GPT 372 283 -.092 .638" -.145 -.060 -.047 .523 1
1 . . .
cGrp A6 4107 115 371007 010 019 .199 658 1
Pgb 253 236 -317 353 110 .043 .094 .141 115 -138 1
P'fcl 416" 385 -185 211 .191 -.158 -.107 -.044 -048 -.125 .673" 1
L 303 267 .133 192 317 -013 -090 .033 .156 .014 .167 435" 1
Redblood
M 061 -017 -.154 .197 -070 .037 .098 .142 -004 .061 .150 272 .063 1
whiteblood
N -388 -387 122 -229 -202 -066 -.037 296 .073 -256 -.132 -377 -433" -245 1
Platelet
o .
DWCMono ~063 =173 .047 021 -121 -150 -170 033 -151 -054 -313 -122 .045 409" -111 1
P .
DWCSeg 330 226 .120 318 -316 -307 -407° .121 .186 .091 -070 .165 .382 318 -005 278 1
Q 051 -033 -044 -057 228 125 056 -262 053 -058 -342 -250 -016 -273 030 .18 012 1
DWCEosin
R -
DWCLymph 007 -032 .041 .073 -307 -020 -032 249 .134 .178 .108 .041 -142 .730" -135 216 241 -308 1
S 104 178 140 -.177 324 263 256 -435" -331 -230 -322 -.134 .137 -405" -001 .089 -276 321 -.603" 1
DWCBaso
T 011 018 -060 -044 257 -041 -018 -175 -110 -155 -022 013 .146 -711" 140 -279 -220 .145 -979" 474" 1
Hippuricacid
U

*

Methyl — -.188 -.114 .049 -248 .355 401 481" -173 -.123 -.148 -.066 -.133 -208 -422" 336 -.177 -.652" .177 -473" 634" 395 1
hippuricacid

"1 P<0.01; " : P<0.05

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(1): 59-69 http://www.kiha.kr/
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1 U4k AUE7] & TVOC sE+= XA 0487
mg/mo| Al 3l 33236 mg/m'E YERIL, acetone
3ESHSE ketonesF7F TVOC =%9] 70.5%, ethanol
9] alcoholH7} 25.4%, ethyl acetate 59| esterF7}
2.6%, formaldehyde 52] aldehyde7} 0.8%, toluene
= aromaticH7} 0.7%S A st= Ao 2 e

2. YlUotE A& 59 TVOC =& AUs7] &
wote] &R Avny YRFHOR 18w Zrtet
3L isopropanol®] 3.2H| 2 7} =7 EU1E= Ao
2 et

3. Y|dAF 107 5
EAPE R LARE A S

2 CAWET F
2 ujojul 4
A A 1Y 4 =2F T2 (monotonic) A &]
O] A (p<0.01, r=0.682)°] Q= HoZ YEFOL Y
HA 2RI ot S HolA] gtk

4. FAA AR At JRSA 347 5 7
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