ke

S8 8ks] 2] Al7E A2 pp. 101-112(2010'F 6-2) Vol.7, No.2, pp.101-112, June 2010

Y19 #(Nail Shop) ZRA) HLYH/IHER x3 o

z -—
A25747t
AR - 4R D - ) - Qos AR

Exposure Assessment of VOCs and Aldehydes in Nail Shop Workers and Symptoms
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Abstract

The purpose of this study is to investigate the potential exposure of chemicals from the working
environment of nail shops and determine health-related symptoms from the nail shop workers by
self-reporting questionnaire. A total of 54 nail shop workers from 15 different locations were asked to
conduct a survey concerning their working environment. VOCs (including toluene and nine other substances)
and aldehyde(including formaldehyde and four other substances) detected. We studied on the relationship
between the environmental concentration of chemical substances and the self-reported symptoms of nail
shop workers. There was a significant relationship between the neck pain and substances such as 2-
propanol, benzene, toluene, n-buthylacetate, ethylbenzene, and xylene (p<0.01). Furthermore, symptoms in
the nose irritation, neck irritation and recurrent coughs had significant relationship with benzene (p<0.05),
whereas, toluene showed significant relationship with neck irritation and symptoms such as coughs and
fatigue (p<0.05).

Keywords - Nail-shop, VOCs, Aldehydes, Self-report symptom
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Table 1. General characteristics of survey nail-hops.
A B C D E F G H | J K L M N 0
Open year 03 03 05 05 06 07 °05 °'00 07 07 °O7 07 06 08 07
Location# 1 1 1 1 1 1 1 1 3 3 2 2 1 1 2
Door shape* 1 1 2 2 2 1 1 3 3 3 3 3 2 2 3
Floors S 1 1 2 2 -2 -2 -1 -3 4 3 1 3 1
Area(m)  39.6 264 264 66 561 594 165 495 429 297 264 297 33 396 495
Shape ® 6 6 0 ¢ 0 @80 O O ©O O © @ @ O
Average User 0 15 15 10 13 10 23 2 24 20 20 15 15 15
(persons)
(‘;\é‘r’;gs;) 5 4 3 5 5 2 4 4 4 2 4 2 3 6

# : 1. Seoul 2. Gyeonggi 3. Incheon,

* : 1.Underground shopping center 2.Road shop 3.Department store

@ : Closed shop © : Open shop
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Table 2. General and working characteristics of nail-shop workers.
N %
Sex Female 54 100
Male 0 0
20~30 40 T4
Age 31~40 14 2
(years)
Average 276 100
Lens Yes 22 40.7
No 32 21.8
Smokin ves 24 44.4
g No 30 55.6
1~12 39 72.2
Working experience 13~24 7 130
(Month) above 24 8 148
Average 119 100
9~10 49 90.7
Working time/day 11~12 5 9.3
Average 10.2 100
407 %E ZAREO] 104)7Fe] ZHAIZNe] Bla) 3 o7 ARSI 42%(35)7F AN GRS 1wkl
717F 2 oo} A|A) o= Ao ARSI 1, oFES] I|RE 183 %(13%)7t Ak W
AOE ZAE G 5ol AL 35.2%7} 7
3.3 1A AHH olE ANE Fo® Yepsta, A¥o] i e
SBS ot PG AL 2RASY T A | 2RASeld 4% 54 97190 Ak 5o
gE AR Table 3). = Aol w2 APAR] W = Al
206 %(217) 7F QApRIe] ofsf L= 2 ARSI

A2 A AAlell s AEs 7HAaL Sl A

Table 3. Characteristics of the subjects diseases history.

Name of a disease N %
Allergic rhinitis 21 29.6
Bronchial asthma 3 42
Atopic dermatitis 13 18.3

Disturbance gastrointestinal 25 35.2
Not illness 11.3
Other abnormality 14

Journal of Korean Society for Indoor Environment Vol. 7, No.2



106 v f5(Nail Shop) Ak HLAR7ISHIER =& 9 A73%7}

Table 4. Frequency of self-reported health symptoms.

No effect(%) Seldom(%) Frequent(%) Very frequent(%)

Eye irritation 5(9.3) 14(25.9) 19(35.2) 16(29.6)
Scall irritation 22(40.7) 14(25.9) 11(20.4) 7(13.0)
Nose irritation 3(5.6) 10(18.5) 16(29.6) 25(46.3)
Sore throat 7(13.0) 10(18.5) 18(33.3) 19(35.2)
Headache 5(9.3) 12(22.2) 23(42.6) 14(25.9)
Intensive 11(20.4) 33(61.1) 7(13.0) 3(5.6)
Cough 7(13.0) 22(40.7) 21(38.9) 4(7.4)
Disgusting 14(25.9) 22(40.7) 15(27.8) 3(5.6)
face febricity 16(29.6) 23(42.6) 9(16.7) 6(11.1)
Head ponderosity 10(18.5) 14(25.9) 19(35.2) 11(20.4)
Fatigue 0(0) 9(16.7) 17(31.5) 28(51.9)
hand symptom 17(3L5) 19(35.2) 10(18.5) 8(14.8)

3.4 22X RZSA HIE H|(I/O ratio) = LEFIS Wl BenzeneZ} Trichloroe-

252} 52 s H 257k &

Gl A chet AEE Ao %jfﬁ 2
& =8 S FF 0131%, 53] o1s 5
1)

_4._/\]—24 oﬂ]:H

L‘rEPdr T)Jg'j & 71, HEEAR, B2
TOF LERHTHTable 4).

35 VOCs s&

AA 1570 vldgellA 2k ozl Aieg =
VOCs<= benzene, toluene, xylene & 9714 =Zoth
(Table 5). 3Ad71315HEFHVOCs) 5 benzene
O] HtFE 12.39 pgmel™, trichloroethylene 2]
AdEEs 433 pgm'E JERHTE toluene] 3
&5+ 30212 pgm'o|w, 2-propanal 7278.42 ug
m, ethyl acetate 354.05 pg/m’, n-butyl acetate
2533.19 pg/m’, ethyl benzene 18.11 pg/m’, hexam-
ethyl disiloxane”} 35.09 pg/m' = LFEPTE AU9]

FRAN R AT A

thylenes- A 2J3k 2] =4do] 1= Z3}s10]
Ao Aol EAshs A 0% vt

3.6 Aldehyde &
oteato] =5 % formaldehyde®] AU} Bt 5
T 7749 pgmolH, HEEE 933 % UERIT
acetaldehyde®] AU 1t &5 2117 pgm'o] ™,
propionaldehyde £} butylaldehyde+= 13.3, 16.7% = 73
Z8o] WA Z2AF =3iek AULR|(1/0 ratio) 2 1
WS v Butylaldehyde S A 915Har 18 Z3}3}o]
Al esldo] Sk A o= LERHTKTable 6).
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ojiks}
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Table 5. Concentration of VOCs.

unit :pg/m’
Indoor air(N=30) Outdoor air(N=15)
Substance Mean + SD Mean + SD 1/O ratio
(min~max) (min~max)
1278.42 +7634.14 553.56 £ 587.18
2-Propanal (109.86~25965.84) (20.20~1528.67) 1315
354.05 + 369.96 178.31+ 301.08
Ethyl acetate (5.88~1250.97) (5.05-819.51) 199
Benzene 12.39+11.04 12,78 +10.91 097
(0.63~36.04) (1.50~33.19) ‘
Toluene 302.12 +281.32 166.00 + 187.79 182
(36.63~1005.38) (18.92~686.54) '
2533.19+ 2744.78 543.87 £ 1000.13
N-Butyl acetate (36.43-8183.43) (65.12~3351.85) 4.66
18.11+16.60 19.60 + 13.32
Ethylbenzene (0.85~64.60) (3.67~37.61) 0.92
1511+12.31 14.18 + 10.68
Xylene (2.52~46.50) (1.96-32.95) L7
. 433+£2.35 5.01+6.67
Trichloroethylene (266-7.02) (0.36~14.89) 0.90
. 35.09 +30.88 501+6.67
Hexamethyl disiloxane (3.82-11159) (0.38~14.89) 7.00
Table 6. Concentration of Aldehydes. L
unit :pgm
Indoor air(N=30) Outdoor air(N=15)
Substance Mean + SD Mean + SD 1/O ratio
(min~max) (min~max)
77.49 + 49.66 28.29+30.27
Formaldefyde (15.77~196.95) (1.00~103.95) 274
21.17+15.89 12.62+10.29
Acetaldehyde (046-57.04) (5.1333.89) 1.68
. 5.96 +1.46 3.69+0.22
Propionaldehyde (484-8.11) (354-3.85) 161
8.33+352 14.09+11.80
Butylaldehyde (496-13.23) (5.75-22.44) 0.59

Journal of Korean Society for Indoor Environment Vol. 7, No.2
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Table 7. Description of the 15 nail-shops of the CO, CO,, dust, temperature and realtive humidity(R.H.)

e AVerEGe AM. P.M. O(‘m‘r’; eA)” Average  AM.  PM.
(N=30) (N=15) (N=15) (N=15g) I/O ratio 1/O ratio I/O ratio

co 14£27 09+06 19435 12426 b e 16
(pm)  (06~128) (04-3.0) (06-128)  (05-108) : : :

CO, W89+  021:4099 939457  7T923:304 . .
(pm)  (460~1900)  (460~1900)  (500~1800)  (420~1620) : : :

Dust 764579 886623 6494522 74447 Ty
wghn)  (91~218) (01-218)  (13-1976)  (146~1469) : : :

Temp.  249:24  243%24 25742 235423 w10 10
(oC) (20~28) (20~28) (23~21) (20~26.6) : : :

RH. 41229 413+29 39+1 404+29 w10 1o
%) (223-47) (36~47) (39~40) (36~46) : : :

3t VOCs 4 Aldehydes ] soll S w4 uene 685 pgm!, ethyl benzene 18.1 ug/m', xylene
= ge Jlow gkdn) 30.1 g/, formaldehyde 49.8 ugm'© & - FAMK
o W w5 B¥E Btk John(2007) <
38 UYL SHASERl AURIIBALIC| AN FARAE AFollA] formaldehyde 53.6 pgm'=E
HdEe 84 5 s a3l 4 AT Akl Z2AF H91em, toluenes> 887.6
BAINE QFAE SAE 2-propanal,  pgm'O® B FAECH E7 RAMHolX Zlow
Benzene, Toluene, N-buthylacetate, Ethylbenzene, — LFEPsTE A8 7 dAAleolA Ueh)o] v
Xyleneoll Al #oldt AHdS  HATHp<0.01). & vEAYRs UEA UYL B A S 3
Formaldehdyde, ~ Acetaldehylde, Propionaldehylde, Al(polish), FE4 AAA(polish remover), 21 <=
Butyladehyde =252 S50 ol A (artificial nail)S 20]7] 918+ A2 4l(adhesive) 5
o] VFERA| koo, benzened] - A, @1 #H AFoR gt 2 (Heymann et al., 2007)
FAS, 71 S3elA dede HAT(p<0.05), o] wi¢- ekl whE xRl Ajolr}. wgt
Toluene™= 152k, 715, 9= S A AfRe] g3t 3R] a3 LAk
& YERATHp<0.05)(Table 8). O] GA7} B o]A}AQ1 Q1 Hgk EAISict,
Merete(2006)S] -frARAIA 937l A]  2-propanol
6744.3 pgm'e} H]STHAl AR 910 etyl-acetate
4 1% 7210 pgm', hexamethyldisiloxane 1667.9 ug/m'e]
Hlal] & A= tha WAl ZAREGITE ARt
S795(2006) 0] P AFllA] TISRE tol- AR UGN AR AlEY] Ag T2

J

It =

e ets)A) A7 A
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Table 8. Correlation between selp-reported symptoms and indoor target compounds.

Eye Scall  Nose  Sore
iritation irritation irritation  throat

Headache  Intensive

face Head . hand

Cough g febricity  ponderosiy Falge symptom

Disgusti

PP 007 011 029 044 02
EA" 014 012 003 02 02

Benzene 024 017 036 045 021
Toluene 021 004 020 045 020
BA® 021 011 021 045 007
EB’ 017 006 038" 050" 017

Xylne 007 011 029 044 02
TCE®  -013 012 -063 048 054
HMD" 010 027 034 004 013
FA? 010 002 019 026 023
AA" 022 022 022 018 008
PA 043 053 063 -066 043

BA 019 037 046 072 050

040 048 076 055 076
017 001 -028 -031 020 008 -0.39
014 015 016 025 018 013 013
018 013 014 03¢ 001 003 020
032 05 016 013 013 016 043
040 051 026 033 008 -031 036

003 032 006 017 003 015 018
014 022 009 002 007 007 -004
015 036 018 017 002 019 028
012 040" 012 008 027 032 012

*

02 03 013 001 014 030 015

006 044 014 014 032 015 02
003 032 006 017 003 015 018

o *k

0747 029

*p<0.05, **p<0.01

a:2-Propanal, b:Ethyl acetate, c:N-Butyl acetate d:Ethyl benzene

e:Trichloroethylene, f:Hexamethyl disiloxane, g:Formaldehyde
h:Acetaldehyde, i:Propionaldehyde, j:Butylaldehyde

=(propanal) 59| 7hRE U AT
o] Slt} hexa-methyl-di-siloxane2] 7

3
u, o] A8 A )1 (remover) & 3 EE-2
F 20l B AlFe] BAEE AoE By
2iciMilitello G, 2007).

A5 F2007)9] thgolgAlde] 2AF A3
o A o FEs AAE, o2 AU
S| FYHko] US| 27.8 pgfm, EF4
143 pgm' O F AR o] A3 ] mAgrigold
AV B Hidgeld A Bagke 95 3l
o} LEUHE| == 5 3 (hardener) £l
SolA gk gt Heymann et al., 2007)

WA F2008)9] P, tiEAE, AT,

m ¥

PC, +4 T2 theol8Ald AL A3 5%
o

, 5
tg)= gk 15.2ug Sk 39.2 pgm' O F e}

(e}
with Sl Hitgk 1438 pgm', =gk 62.2 pgm'

E ULdFRE A Uit 3] offtel] tigh
A ZARA] BFE]| 1~34)7F E61o] 40.7 %
ZAFE| 0] 10A17F] AR H]El Apdgh]
% o]Fo] A2 = 9ol wE A= I
ok ok UdEe] A9 et a1, A
o] wElo] Q= Aol T2 o] o]Fofx
B2 oy 7k 3 o] FEska Q)
A% sk gelo] & 4= Qlrk.

AYERN/0 ratio) 2 eSS w dF-E
AQQalar R 15 Zysle] Aol
Asks Ao Yepskony, Aule] nlgo]

Sy

=

rr

A

Hr —
M e
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