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AEAY W& FAAL g3y Bl AE" AR ZAE(Todai
Health Index; ©]3} THI)E ©]-&3te] AFthdAY FHAQ A3AA4EE SH 5
AFth. THI AZxALRE 98t Zokd A xAte ol &5Hol & CMI(Cornell
Medical Index)$} ¥l s & o) F¢Ao] F5 22 2ty e AAH 345 T4
o8 ALYPF, Ay Ao va EIH v EF AEZFr vl Hu

o]l goltEs CMIe HFHES MAste BE ATPEo FHor 7

# 1. Todai Health Index(THI) &% T4

Category Abbreviation Number of question

Multiple subjective symptoms SUSY(D) 20
Respiratory RESP(A) 10
Eye and Skin EYSK(B) 10
Mouth and anus MOUT(D) 10
Digestive DIGE(C) 9

Impulsiveness IMPU(H) 10
Lie Scale LISC(L) 10
Mental Irritability MENT() 14
Depression DEPR(K) 10
Aggressiveness AGGR(F) 8

Nervousness NERV(E) 8

Irregular LIFE LIFE(G) 11
Total 130
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6. Av FARARS] ATl wek 54
%] (%)
Rkl AW F 7] 2 A7 E
B } } ] AZEA o
= ey E 9 H A oro A7
f  2489)  58(213) 59(21.7) 23( 8.6) 48(17.4) 34(12.8)
AFF
o 24(8.9)  165(60.9) 103(38.0)  86(31.7) 79(29.2) 110(40.6)
p value 0.001 0.007 0.019
7. AM FAR] AgEA ] ek 54
%] (%)
AR % 24495
¥ 9
A+ AR EAME e 1-23] 3-43] o
A % 7(2.6) 4(15)  1(04) 9( 3.3) 3(1.1) 1(04)  17( 6.3)
= A
] T 49(18.1) 132(48.7) 16(5.9) 53(19.5)  12(4.4)  61(225) 177(65.3)
p-value 0.017 0.035
ARl FAAS &7 4] v SR AMEE 60WFolAE dB o] 404
oj/fel 23 o2 ®Wokow, AF FxAAMe HFH 229, FAE 209, AW 15
W, AT 3% oAtk AQATE 68X S AR 247, 3647 4
g 2190] 5571 90 Jvtn SHEgon, AWFdEst Bahscn
=7l AV 437 st =7l AR 1790190, FA7IE wEkt = 159
ol FAT Atgel 1987 sHg Ekth(E 9).
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= 8. A AR 557) Sl Be 54
%9 (%)
R e
= y| p-value
+ 7

A= 20-294] 24( 8.9) 98(36.2)

30-394] 13( 4.8) 71(26.2)

4041 ©] % 23( 8.4) 42(15.5) 0.01
A AHH 15( 5.5) 41(15.1)

B} 20( 7.4) 116(42.8)

FAL 3( 1.1) 14( 5.2)

TE 22( 8.1) 40(14.8) 0.008
2 A1 3H 3AIZF w gk 8( 2.9) 8( 2.9)

3-64] 3t 21( 7.8) 91(33.6)

6-84] 7t 24( 8.9) 87(32.1)

8AI 7t o] 7( 2.6) 25( 9.2) 0.046
AU F7174H £ 43(15.9) 119(43.9)

) 2 17( 9.2) 92(34.0) 0.033
717 obu) & 16( 6.0) 70(25.8)

59 m¢t 10( 3.7) 23( 8.5)

5:d-9d 6( 2.2) 49(18.0)

10d-14'3 9( 3.3) 36(13.3)

151 ©] % 19(7.0) 33(12.2) 0.015
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= e LR LRV
B+ EFPX B+ EFPX
FEol ¥t 2.70+0.90 1.90£0.91
@150l Gt 2.66+0.97 1.82+0.90
w7t FH0 2.76+0.94 1.93+0.97
22AAAZY Egol &4 3.05+0.92 2.26+0.94
ol Y&zt 3.05+0.85 2.29+0.96
o] F=3ith 2.86+0.97 2.20+0.97
ol dojrle Aol FFrt 2.69+0.93 2.08+0.85
3 A 2.83+0.52 2.07+0.67
Yeto]l AN AF Aok 2.32+0.97 1.69+0.81
Qo] L=tk 2.20+0.93 1.64+0.82
gnteto] AR T olxZh 2.00+0.87 1.48+0.68
A/ FAZ Zo] oz AY wiith 2.61+0.96 1.78+0.83
Ho] nzx3tt 2.65+0.93 1.91+0.94
2o 7k} QA B0l = A 2 2.83+1.05 2.00£0.99
3 A 2.43+0.73 1.75+0.73
A7 7F &k 2.74+0.96 1.88+0.84
[ FEo] et 2.60+1.03 1.86+0.86
s27h 2o 2.77+1.05 1.96+0.90
3 A 2.70+0.89 1.90+0.76
o] o] WKt 2.71+1.02 1.91+0.90
wol & HZszch 3.23+1.02 2.27+1.02
. ol 28 ofxr} 2.44+0.91 1.73+0.84
were =l el 7tk 2.40+0.90 1.74+0.77
ol A & F Belth 2.52+1.09 1.72£0.91
F A 2.66+0.76 1.87+0.70
Fgo] &4 A 2.24+0.94 1.58+0.74
87t ZFEAY b3tk 2.61+0.99 1.69+0.79
P 57 Az Rk 2.71+1.02 1.89+0.95
Fe8717F & Wt ok 2.46+1.04 1.62+0.81
wrzle] & doh 2.08+0.87 1.50+0.69
3 A 2.42+0.74 1.66+0.67
71%e] gtk 2.57+0.98 1.81+0.84
5524 < W g E= ‘Aste 287t ¢ 2.15+0.92 1.54+0.74
uhw) A5 wf Fo] rimo 2.51+1.05 1.78+0.86
F A 2.41+0.81 1.71+0.69
A 7ol o Wa]zck 3.10+1.02 2.10+0.96
we] &o] Wajd Wyt ok 2.93+0.94 2.04+0.95
71998 o] "ojzith 2.93+0.99 2.09+0.96
Ebol] o] mzich 2.59+0.92 1.71+0.81
e Aews Ao 2.50+0.97 1.67+0.86
24 JFol etk 2.77+0.95 1.94+0.95
w27 gl A7tk 2.43+0.93 1.65+0.78
28l g =71tk 2.55+0.96 1.81+0.88
7tso] ggaAY ol Ewrt ot 2.70+0.97 1.69+0.76
& A 2.72+0.70 1.86+0.68
= Z 4 2.62+0.54 1.84=0.57
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= 4 e | q/ % = = IR &7 71 €} =34
Fa+dTEA  FE+RFUA PR FEA FAr TR PA+RFERA Po+ A FHA FEEFEA AR FAA
a #
20 ~ 294 2.91+0.58 2.34+0.63" 2.69+0.89 2.57+0.76" 2.46+0.80 2.33+0.77" 2.67+0.70 2.60+0.54
30 ~ 394 2.69+0.63" 2.43+0.61 2.56+0.85 2.62+0.76 2.32+0.66 2.31+0.77" 2.64+0.64" 2.54+0.52"
404 ©] A} 2.84+0.67 2.59+0.77" 2.91+0.92" 2.89+0.70" 2.46%0.72 2.70+0.86" 2.91+0.75 2.77+0.55"
A J
AL 2.94+0.60 2.37+0.71 2.69+0.97 2.64+0.79 2.46+0.88 2.35+0.78 2.68+0.78 2.62+0.61
FAL 2.77+0.60 2.38+0.59 2.63+0.83 2.58+0.72 2.39+0.70 2.33+0.76 2.65+0.66 2.56+0.50
AL 2.98+0.68 2.51+0.75 3.02+1.04 2.66+0.69 2.41+0.77 2.55+0.86 2.86+0.90 2.73+0.62
kel 2.81+0.68 2.58+0.74 2.77+0.89 2.86+0.78 2.45+0.70 2.61+0.89 2.88+0.62 2.73+0.54
55713
53 olwt 2.95+0.58 2.35+0.68 2.71+0.93 2.59+0.82 2.41+0.81 2.35+0.81 2.67+0.74 2.60+0.59
5d ~ 94 2.75+0.64 2.46+0.58 2.68+0.77 2.58+0.72 2.50+0.73 2.40+0.71 2.67+0.62 2.60+0.49
109 ~ 159 2.78+0.58 2.42+0.64 2.59+0.85 2.69+0.65 2.31+0.68 2.21+0.74 2.61+0.66 2.55+0.49
159 ~ 199 2.56+0.76 2.30+0.63 2.47+0.99 2.51+0.80 2.45+0.77 2.40+0.88 2.74+0.64 2.52+0.59
20 o] 2.83+0.64 2.60+0.74 2.88+0.93 2.89+0.71 2.44+0.70 2.71+0.88 2.95+0.73 2.77+0.54
=534
13\ gk 2.86+0.49 2.17+0.55 2.46+0.96 2.39+0.61 2.12+0.71 2.18+0.73 2.45+0.64 2.41+0.44
19 ~ 49 2.85+0.63 2.43+0.64 2.73+0.89 2.60+0.79 2.41+0.76 2.35+0.77 2.66+0.58 2.60+0.56
59 ~ 9d 2.68+0.65 2.41+0.64 2.62+0.80 2.61+0.76 2.51+0.74 2.34+0.77" 2.74+0.65 2.59+0.53
108 ~ 149 2.91+0.63 2.58+0.66 2.94+0.86 2.89+0.58 2.50+0.60 2.55+0.81 2.90+0.57 2.77+0.44
15 o] 2.86+0.67 2.59+0.58 2.79+0.95 2.92+0.78 2.51+0.77 2.71+0.91° 2.94+0.76 2.78+0.59
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¥ 10, AW FARAe Qubd B4 0 2RsAd gE AL %)

= 3 FTFAAA A/ i b= 3 5 38&7 7] €} 3%
PHRFAN  BEEEAA HFHEURN WEEEAA WFEFAN PFEEFAL WFEEUA F@eRFAR

AreE

s 3.2840.55" 2.80+0.66" 3.17+0.97" 3.1240.65" 2.90+0.77" 2.76+0.83" 3.17+0.60" 3.06+0.48"

ohE 2.72+0.59" 2.36+0.64" 2.60+0.84" 2.56+0.74" 2.32+0.70" 234+0.78" 2.62+0.68" 2.53+0.51"

=

AL 2.64£056" 2.40£0.61° 2.68+0.87 2.55£0.73 2.33+0.70 2.33+0.72 2.56+0.65 2.49+0.49”

Atk 2.95+0.64” 2.53+0.68" 2.72+0.91 2.74+0.76 2.48+0.77 2.47+0.86 2.82+0.71" 2.71+0.53"
F72 ZHu=

13 ~ 23 2.85+0.51 2.36+0.76 2.31+1.06 2.28+0.69 1.79£0.67" 2.09+0.83" 2.33+0.76" 2.33+0.53"

33] ~ 43 2.76+0.59 2.24+0.65 2.67+0.85 2.63+0.73 2.45+0.75" 2.22+0.73 257+0.65" 252+0.51

L] 2.84+0.64 2.50+0.65 2.74+0.88 2.71+0.76 2.46+0.72" 2.50+0.81 2.80+0.69" 2.68+0.54"
AEY 9Eux

Bla= sy 3.34+0.70" 3.08+0.70" 3.12+1.31 3.36+0.94" 2.60+1.19 2.94+1.18 3.38+0.77" 3.17+0.77"

13] ~ 23] 2.87+0.58 2.47+0.67" 2.80+0.82 2.71£0.71" 2.54+0.75 2.46+0.80 2.84+0.63" 2.70£0.51"

33 ~ 43 2.69+0.65" 2.36+0.64" 2.60+0.92 2.50+0.74 2.31+0.70 2.39+0.84 2.64+0.69" 252+0.52"

53 o]+ 2.84+0.58 2.36+0.62" 2.62+0.86 2.69+0.75 2.34+0.70 2.26+0.63 252+0.72" 2.54+0.50"
Z < 3]

A& kgt 3.31+0.88" 3.09+0.90 3.48+0.90 3.23+0.90 3.40+1.01" 3.48+0.94" 3.33+0.86" 3.32+0.82"

23] oy 2.87+0.59 2.56+0.70 2.76+0.85 2.85+0.73 2.55+0.68" 2.57+0.70" 2.94+0.50" 2.76+0.49"

43] oy 2.89+0.59 2.51+0.70 2.58+0.98 2.62+0.78 2.44+0.73" 2.50+0.81" 2.80+0.74" 2.66+0.54"

103 oW 2.85+0.59 2.39+0.52 2.70+0.77 2.67+0.66 2.47+0.58 2.66+0.79 2.76+0.62" 2.65+0.47"

SEEY 2.76+0.63 2.35+0.64 2.69+0.89 2.59+0.75 2.32+0.74" 2.24+0.78" 2.59+0.72" 25340.53"
AU F7] e

23 2.94+0.62" 2.60+0.68" 2.86+0.86" 2.83+0.73" 2.54+0.73" 2.58+0.83" 2.87+0.66 2.77+0.54"

Bk 2.65+0.58 2.19+0.56 2.47+0.90" 2.41+0.72" 224+0.72" 2.17+0.70" 2.50+0.68 " 2.40+0.51"

“p <005 " p <001, p < 00001
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.......................................................... R . N
5 %] SFA %A A/ T = = 7 ZE7 71 €} 3%
Ba+RTH2A FHARTHEAR  HA+RTHA BH+BEFHA  HA+RFTHEX  HA+AFTHEX HA+AFTEXR HALEFTHF

A7 H

AUk 2.83+0.66 2.49+0.61 2.70+1.04 2.77+0.80 2.37+0.82 2.48+0.92 2.96+0.64 2.70+0.56

A7sA ok 2.96+0.68" 2.6140.69 2.82+0.83" 2.85+0.73 2.5540.73" 2.65+0.83 3.00+0.68 " 2.81+0.53"

A7tk 2.75+0.53" 2.34+0.61" 2.67+0.90" 2.57+0.70" 2.38+0.73" 2.28+0.71" 2.53+0.71" 2.5240.48"

L R = 2.33+0.67" 1.79+0.56 " 1.89+0.66" 1.78+0.75 " 1.80+0.48" 1.67+0.68" 1.98+0.55 1.9340.49”
AF%

Gra= 2.75+0.61" 2.34+0.63" 2.63+0.88 2.54+0.73" 2.34+0.73" 2.35+0.79 2.62+0.69" 2.5340.53"

Atk 3.00+0.62" 2.64+0.70" 2.87+0.89° 2.94+0.75 " 2.61+0.73" 2.56+0.83 2.95+0.68" 2.8340.53"
AZEA

Gra= 2.81+0.63 2.41+0.66 2.67+0.86 2.63+0.75 2.41+0.76 2.36+0.79" 2.68+0.69" 2.59+0.54"

Atk 3.07+0.44" 2.68+0.64 3.14+0.98" 3.02+0.77 2.56+0.52 3.00+0.73" 3.19+0.61" 2.96+0.45"
&9 A

Sra= 2.81+0.62 2.38+0.64" 2.57+0.85 " 2.62+0.77 2.31+0.717 2.34+0.79" 2.68+0.69 2.56+0.54"

Atk 2.89+0.66 2.65+0.71 3.23+0.85 2.84+0.69° 2.88+0.68" 2.72+0.81" 2.87+0.73 2.85+0.51"
357 A%

Sra= 2.78+0.63 2.34+0.64" 2.59+0.87" 2.58+0.72" 2.35+0.74" 2.29+0.75 " 2.64+0.70" 2544053

Atk 2.99+0.57" 2.71+0.69" 3.09+0.88" 2.95+0.80" 2.65+0.71" 2.84+0.86 3.01+0.61" 2.9040.52"

“p <005 " p <001, " p < 0.0001
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170 — (e}
iRAR A
5 g FEAAA Qe ERE o sg7 g e
BA+RFRA WP RFA  FFRFAL IR FVX PR FAR BARFRA G RFAL AR R

4713

59 w]g 3.00£0.50 2.50+0.55 2.96+0.82 2.80+0.73 2.70+0.70 2.61+0.71 2.86%0.65 2.79+0.46
59 ~ 9d 2.81+0.68 2.41+0.69 2.61%0.90 2.50+0.70" 2.33+0.80 2.18+0.79" 2.56+0.79" 2.52+0.54"

1049 ~ 149 2.75+0.61 2.49+0.64 2.64+0.93 2.57+0.80" 2.36+0.67 2.24+0.80" 2.67+0.63" 2.56+0.52"

159 o] 4 2.79+0.70 2.52+0.75 2.74+0.85 2.93+0.70" 2.48+0.75 2.81+0.85" 2.99+0.66" 2.77+0.59"
FF Y=

A8 erg 2.92+0.60 2.66+0.64 2.79+0.82 2.88+0.72 2.47+0.75 2.51+0.77 2.83+0.63 2.75+0.50

13 ~ 23 2.81+0.62 2.39+0.64 2.72+0.85 2.64+0.68 2.40+0.75 251+0.75" 2.72+0.68 2.61+0.50
33 ~ 43 2.84+0.66 2.43+0.70 2.75+1.01 2.67+0.86 2.54+0.76 2.42+0.927 2.77+0.75 2.66+0.64
53] ~ 63 2.76+0.68 2.34+0.68 2.45+0.82 2.56+0.83 2.20+0.54 212+0.77" 2.61+0.73 2.48+0.51

v o gkt 2.67+0.48 2.34+0.69 2.37+0.82 2.41+0.79 2.20+0.70 1.76+0.45" 2.41+0.70 2.37+0.44
FHAIL
4217w Rk 2.81+0.70 2.72+0.10 3.00+0.33 3.07+0.42 2.47+0.99 2.5640.69" 3.00+0.59" 2.82+0.47
4213 ~ 53 2.93+0.65 2.50+0.65 2.78+0.91 2.84+0.76 2.56+0.73 2.52+0.86 2.85+0.65 2.74+0.54
6A17F ~ 7AIZE 2.77+0.61 2.40+0.68 2.65+0.89 2.56+0.74 2.35+0.74 2.36+0.78" 2.85+0.65 2.55+0.54
8AIZL o] %} 2.78+0.71 2.17+0.24 2.17+0.24 2.50+0.42 2.20+0.57 1.67+0.94" 2.72+0.08" 2.50+0.41

" p <005 " p <001

_27_



i

. gul FAAS ARARZ A

F A )

zé H]

sl

_?4

nAs 29ES Eotr7

22!

]
_]:,Vl
w

)

]

A

]

A

=] [e]
'Ez\jv—é‘

g5l ©AA W (stepwise)d] T E A

1001 Yet o, TA 4

T
]

g
o))

o v} o

[13
=

Aol 157+

WEES FAT FHolA

LI

o))
Fa
3

=7} 0.0002

i

L
L

3

et

aEHT 103 olul7} 0.012, 43 o]l 7} 0.013, A g

L
L

1§°] 0.035 Z%TH

o

e 25 EY 53

o} 5

Aol A A5
80 -0.020 B¥row, A 7k A

op

4]

L
L

e

]

aF°] -0.011, ©wfg

e

~ 63

32

—

o
¢
oW
o
ojp

K

)
‘_H‘VI

0

,A
il

w
Ajm
il

K

o

Fel 26.29% <9 A

3]

ol

1

}E}

No

N

1—1]. i3

NO
|

FAA

xé H]

_31_



3E 13, AL ALY AR GF A FEFS A WE
5 3 7 % 3 AA S pak
il ] 0.0002 0.607
bl Pl
EVE 0.021 <0.001
553 A etk
ag 0.008 0.120
AAZ7] W= A&t 0.035 0.025
23] o]y 0.011 0.114
43] o]y 0.013 0.052
103] o] 0.012 0.141
3EE A
738 A9l 0.036 0.010
A7%sA ok 0.041 0.0006
A7zt 0.034 0.004
w9 A 7%stoh
AR HEA
HFAFA -0.003 0.722
+d 0.011 0.194
A7 59 W gk
59 ~ 9d -0.015 0.070
1049 ~ 149 -0.004 0.640
151 ©] % -0.003 0.743
TE 2T s kgt
13] ~ 23] -0.011 0.103
33] ~ 43 0.003 0.689
53] ~ 63 -0.011 0.308
v o gk ok -0.020 0.064
FEA 2 4A1 2t w] Rt
4A17E ~ 5AZE 0.019 0.384
6A1 7 ~ 7AIZE 0.015 0.479
8AI 7 o] % -0.032 0.367
R> = 0.2629 =d PF = <0001
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3. AH] FTALAQ VOC &9 & 3= F7}

K

7. VOC A =&

VOC 79l =FF =T 2001d%E 20058 7bA4 Fw Wl 1170 Foie] FRAE
Hgdos 43 =2A8E AFESAT(E 11).

117} FdledA FF8FHeZ ZFHE VOCt Benzene, Toluene, Xylenes,
Methylene Chloride & 137} EZco|lomn, SAHH F % (median)T ¥= =5 7F
o] AFARPHE A 7] (Occupational Ssfety and Health Administration; OSHA) <]
5] 8= & 37| (Permissible Exposure Limit; PEL)E X3} 2] ¢Sk},

VOC % 2t 542 487 Benzened 3&x=Z3F4(PEL)T 1ppmlZ %
= H&F 0.010ppm, HuH# 1.59ppm, FZHgt2  0.19ppmeol™, Methylene
Chloride®] F %3 & X(median)T 225ppmlZ FE=ZA o AAAT ¢
FoMs A A o] X 106.07ppme Holil AT}

voC F vdg EZ=ZE  1,1,1-Trichloroethane® 73k & %(median)7}
1.49ppm, Toluene®] 0.50ppm, Ethyl Acetate’} 0.57ppmo.2 T E EZHT &2
T4 FE(median)E E I}
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-
it

14. VOC 719l =& 5% (20019 ~2004)

OSHA PEL TWA &% (ppm)

voC Fl (%)

(ppm) T T2 At Hazk o &
EA® 11( 58) 400 0.57 1.00 0.001 55.17
MIBK" 11( 82) 100 0.45 0.36 0.003 19.11
Toluene 11( 97) 200 0.50 0.99 0.001 53.40
BA® 11( 47) 150 0.32 0.44 0.000 12.56
Xylene 11( 70) 100 0.35 0.81 0.003 54.47
MEK* 11( 55) 200 0.40 0.63 0.000 33.34
MC* 11(100) 25 2.25 1.62 0.010 106.7
Benzene 11( 57) 1 0.19 0.04 0.010 1.59
n-Hexane 11( 26) 500 0.17 0.31 0.000 6.35
1,1,1-TCE' 11( 32) 350 1.49 1.57 0.020 33.21
IPA® 11( 43) 400 0.55 0.78 0.003 24.83
TCE" 11( 43) 100 0.97 0.63 0.000 25.51
1-Butanol 11( 44) 100 0.27 0.33 0.010 11.58

a

o

c
d

: Ethyl Acetate,

: Methyl Isobuthyl Ketone

: Buthyl Acetate

: Methyl Ethyl Ketone

e: Methylene Chloride

f
&
h

: 1,1,1-Trichloroethane

: Isopropyl Alcohol
: Trichloroethylene
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U. VOC 7% ==

o
i)
B
o
%
N
olN
o
lo
o
i
r
po)

VOC 7S =&5xet A73AA547e] FadA A= Ethyl Acetate, Methyl
Isobuthyl Ketone, Toluene, Buthyl Acetate, Xylene, Methylene Chloride,
Trichloroethylene> FFAZAFY, S&5715%, 7858 & BE F4dA4 9
SHAl B8-S B TH(p<0.01).

Methyl Ethyl Ketone, n-Hexane2 R & F74 39 A4#AZES UelA &k
™ Benzened FTFALZASTE, A/TAFE, AFSE, £FNSEHR TvS
=

}ﬂu ABA L

Hgie) o]a AL W (p<0.05), 1-Butanol

flo
K
olN
o
2
o
X
=)
Jo
10
rot
™
2
r 2
gl

F

AE B Ao (p<0.05).

SFA7AA Aq/ 73 = = o] 5 357 7)€
voc 24 24 24 s s s s
EA® 0.28" 0.23" 0.13 024~ 0.21" 0317 0317
MIBK” 0.24~ 0.16" 0.14° 019" 0.21" 027" 027"
Toluene 0.23" 021" 0.10 0.20" 0.18" 027" 027"
BA® 0.21" 0.14 017" 021" 0.15" 0.25" 0.22"
Xylene 0.16" 0.14 017" 024" 0.09 0.23" 0.19"
MEK" 0.09 0.02 0.08 0.07 0.10 0.12' 0.15
MC® 0.28" 0.22" 0.14’ 021" 0.22" 0.28" 030"
Benzene 0.15 012 0.08 0.11 0.15 0.18" 021"
n-Hexane -0.07 0.00 -0.07 -0.09 -0.03 -0.07 0.02
1,1,1-TCE' 0.09 0.09 0.10 019" 0.03 0.19” 0.14"
IPA8 0.18" 0.13’ -0.06 0.06 0.15" 0.12' 024"
TCE" 0.26" 0.22" 0.10 017" 0.23" 0.24" 029"
1-Butanol 0.04 0.08 0.12" 0.11 0.00 0.11 0.10

"p <0.05 " p <001, " p < 00001
a: Ethyl Acetate, b: Methyl Isobuthyl Ketone, c: Buthyl Acetate, d: Methyl Ethyl Ketone,
e: Methylene Chloride, f: 1,1,1-Trichloroethane, g: Isopropyl Alcohol, h: Trichloroethylene
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% VOC 17393 9= B7t

VOC 79 =233 d749%F Adl= Hr7te vis S4EAH(US EPA)S Sl
33 7F(Risk Assessment)?} ¢34 ¥ (Risk Management)®] 7122 g9} A3
< 93 IRIS(Integrated Risk Information System)e] Ed HExd F5H 2
Te Hrhsten, RIS 74 F Y st =2 o3 AA AL 9

of % ARE FEF ARRR vl EH o] 2ol

QA ANH B oW 4 Bl 98 Pl =2Ho] ved 5 9
A9 Fe gue 47 I8 FEL TR AFHA B oG JgB F

a
fd
1
tilo
)
ofo
&
o
©
x
=y
9]
)
e,
V)
o
o)
2
tilo
ol
:oé
N
2
™
br
e
PN
™
ol
ol
=2
X
re
=
=2
=)

%l (hazard identification), =%% 7}(exposure assessment), & F-¥k-g 7}

il
of
=oé

(dose-response assessment) E ]3| %= ¥ 7}(risk assessment)®] T8 4TH7

4= FTH(US EPA, 1993)
1) HlE¢g VOC AR 94F f&l=

e voce] Al ANEE Hoes] fAstel 114 FERHANN SHE AR
=

b1
o

122 US EPAYA A F3l=

Continuous Exposure Concentration(uzg/ m')

(8 — houroccupational TWA X A5 < 1000) . 10m*® _ 5days _ 25years
24.45 20m® Tdays =~ TOyears

- 10m': the default human occupational volume of air inhaled(an 8-hour workshift)

- 20m': the default human ambient volume of air inhaled (a 24-hour day)

=4d" VOC F RIS SAEFAM ®Igt AZ9Lez ERHA=

MIBK (Methyl Isobuthyl Ketone), Toluene, Xylenes, MEK(Methyl Ethyl Ketone)<]
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E=EFFEe 47 47lpg/m', 482ug/m', 387pg/m' B 301ug/ Ol ATH(E

MIBK, Toluene, Xylenes, MEK®] Hlet A7 fldl=

il

H7tat7] 9shed, Us
9 FHx

EPA°l A Y F X F X (Inhalation Reference Concentration,

A &=

IRIS2]
Inhalation RfC)E A}F-§-3FH .
549

A4 YHgeS B MIBKZF 0.157, Toluene©]

Xylene 3.870 ©]$lth.

0.096, MEKZ} 0.060,

E 16. VOC 874 T =& Hall=mEed 9
=] /\g 33
VOC e " RfC(ng/ m') g = critical effect
=% Fx(ug/m
MIBK® 474 3 0.158 B2A Za,FE4BA
Toluene 482 5 0.096 A1 73 Al 7ol
Xylene 387 0.1 3.870 AxET &2
MEK"® 301 5 0.060 4554, 2AAR

a: Methyl Isobuthyl Ketone, b: Methyl Ethyl Ketone

2) ¥ VOCO] AZIE A=

1 H7 ezl sk 110 FFE oA AT A8
Aestgeoer 2A3E AaE AY = =2 5ol2 2 US EPAJA A &3E= IRIS
o dur 34 F = WE xS A& HT

Continuous Exposure Concentration(ug/m')

(8 — houroccupational TWA x 323 %< 1000)

10m* _ 5days

25years

24.45

20m°®  Tdays

- 10m': the default human occupational volume of air inhaled(an 8-hour workshift)
- 20m’: the default human ambient volume of air inhaled (a 24-hour day)

70years

=274 % VOC % IRIS BEAZZ 4|
Chloride), Benzene® &%+ 2z+z} 1993ug/m’,

A AT R R/ e MC(Methylene

1534/ m'©] A THEE 15).



MC(Methylene Chloride), Benzene®] ¢t 117 f1sl =& B 7hst7] $13te], US
EPAS A A Z3tE IRISY &Y @9 9131 = (Air Unit Risk)S AH&-3F g th.

FAE AA 23 TFYHEES EW MC(Methylene Chloride)7} 9.4x10™*¢] %
3 LAAHEE BAoH, Benzened A E¥ LTIYAEE 34x100 ~
12x10°9) 23 LI HES BRATHE 15).

vOC i B9 A E (/) 2T wdgEE Tumor Type

MC® 1993 4.7x107 9.4x10™ combined adenomas

and carcinomas

Benzene 153 22x10° ~ 7.8x10° 3.4x10" ~ 1.2x107 Leukemia

a: Methylene Chloride

2 AZARTZH AA A=
e BAe 4 A 9

MEK7} 006022 12 %z¥3}#] &

n%

e HW MIBKZ} 0.157, Toluene®] 0.096,

o

28 &34 ﬁo(EH)o] WAE 7Aool 9=

Aoz UetwtAwt, &37) AHl FAAS] A3 Az dA 4 MIBK, Toluened &
73

>
Hﬁ
E
O]
2,
X
rlr

AAFI Qov, ko) AR ARARZFAN FFABAZ

32 NBEF19Y ga, FAAF BN 59 ANGHEEA) B 5ol

i
o,

_38_



critical effect

A Q7

T
<

i N
Ko

1

VOcC

027"

sk

0.27

019 0.21

0.24 0.16 0.14

MIBK®

2178 A 7 R

0.10 020 0.18 0.27 0277 0.096

0.21

0.23"

Toluene

4
1o
o
hl

024  0.09 0.23 019" 3.870 k]

0.17

0.16 0.14

Xylene

B
T
Hu

o

Wr
or
Gl

0.07  0.10 0.12 0.15 0.060 Iy

0.08

0.09 0.02

MEK"®

b: Methyl Ethyl Ketone

a: Methyl Isobuthyl Ketone,

N
A
o
| ?

ol

o

I

g

A

= F

ah

3 9
(Tumor Type-- Leukemia) &=

o

Q)
H

o 5
=]

R

A& RIS 4] Benzene

=]
=

on
il

™ (Rinsky

ol

o

et al, 1981, 1987) %

AE Heb Ao

MC(Methylene Chloride)= &

%
e

3

)
o)
o

SR
)]
ol

—_

0

A
A
ot
iojn

—~

(mouse)ol| <]

3

44

J=13
=

% % (Tumor Type -- combined adenomas and carcinomas)S -

2R
=

H=

2 48 A UTHNTP, 1986).

= Ao

5

No

il

3

2

o] X

e o 2 A

KN
=

33

KO

X

i+

)
o)

00

—
a

3)

22!

Tumor Type

A=

Bl

=

A Q7

© -

=
< o
Nfo
O
o)
>

4 combined adenomas
and carcinomas

022" 0287 0307 9.4x10

" 014 0217

0.22

0.28

MC*

3.4x10™

*

Leukemia

1.2x10°

0.11

0.15 0.12 0.08

Benzene

a: Methylene Chloride
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Z73(2.72+0.70)°]
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(1997)¢] AFelM FA2 Wtz =
A8 38](1982)9] Lacquer-thinner AF§Z A} AZ+F73 Ti4d

B3 AFAM HExTHde GRHAT AN LA A}
El

FE F=v OSHACA AlA g PEL ghth v grolglom,

<
o] (1996)2] ATFolA &P F71&A F Toluene 4.43ppm, Xylene 3.04ppm,

o
=
5

=
>
(@)
[¢]
)
w
[07e)
[0e)

)

o]
=
off
k1
2
=

of
ol
&
W
flo
off
b
il
2
3

ui

X
oy
r
o,
o
f
po

ATHp<0.01). o= ©]F4(1996)
o AFAM txTel Bla] FEZILAAM ATl dr, “A 8] gle”, “ThEol
HEelt, “E3 o] ozt o] FEoM FAHCRE FdA H w2 S4E

S Yee Zie Fdsder, EAHE 137f VOCE OSHA Chemical

AF(CNS)el 4&FS F& Aoz FAHIA U
VOC 7hY =23 A79F e Hr7les vis S4B (US EPA)S] 93]

33 7F(Risk Assessment)?} ¢34 2] (Risk Management)®] 7122 g9} A3
d

o

#13ked IRIS(Integrated Risk Information System)e] &2 HEX FZ5H &

1?}% Jﬂ7]’°]‘/~)~

3‘1
AN
o
il
2
il
rr
N
ins
ofy
b
i
off
k1
o
fal
fru
c
w
i
~J
>
2
R
2
f

IRIS EZESA #dgd AAIdFez EFHE= MIBK(Methyl Isobuthyl

Ketone), Toluene, Xylenes, MEK(Methyl Ethyl Ketone)d] HA T§& =EFE<
2y ZH 471 g/ ', 482ug/m', 387ug/m' E 301pg/m' olRom FAHW AA APz
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FABAFE(2.83£0.52)0] 7 =kom, 404 o]Fe] 20
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Al 3= ko (p<0.05).
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Al 3 9k a1 (p<0.01),

#9l3

, BF7S, 7B A

&

VOC 7%

oAl A,

MIBK (Methyl Isobuthyl Ketone), Toluene, Xylenes, MEK(Methyl Ethyl Ketone)<]

A

301ug/ ©I

eI
3l =+ MIBK”7} 0.157, Toluene©] 0.096, MEK7} 0.060, Xylene©] 3.870°]3iT}.
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ABSTRACT

A Study on Health Subjective Symptoms of Aircraft
Maintenance Workers and Risk Assessment of VOCs Personal

Exposure

Jae Sik, Chung
Dept. of Public health
The Graduate School

Yonsei University
(Directed by Professor Dong Chun Shin, M.D., Ph.D)

This study was conducted to take a measurement of subjective symptoms
and assess risks of human health on VOC exposure to aircraft maintenance
workers in air force. Targets of survey were 467 samples working at
maintenance place and total 441 of them were analyzed in this study.
Structured questionnaire using THI includes subjective symptoms, working
environmental, disease history, health condition, personal lifestyle and general
characteristics. Data were analyzed with SAS Version 81 and treated through
t-test, Xz-test, multiple regression, ANOVA.

In results of each subjective symptoms mean scores, mean scores of aircraft
maintenance workers were higher than official workers. CNS score(2.83+0.52)
was the highest any other symptoms. In results of general characteristics, mean
score of more 40 years was significantly higher than twenties and thirties in
CNS, Respiratory symptoms was high in career group having more 15 years
significantly.

Subjective symptoms according to working environment were analyzed that
in satisfaction score of negative group and loaded group was significantly
higher in CNS, mouth/throat symptoms and other symptoms(p<0.01). Dermal ,
mouth/throat, respiratory, other symptoms were associated with weekly
working frequency(p<0.05). Increasing daily working hours was significantly

high in only CNS(P<0.01) and increasing auto-ventilation frequency was
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significantly low in CNS, dermal , respiratory and other symptoms(p<0.01).
Subjects feeling unpleasant indoor air were significantly high in all
symptoms(p<0.0001).

According to disease history and health condition, in results of subjective
symptoms healthy subjects was significantly low in all symptoms(p<0.0001) and
group having megrim and heart disease was significantly high(p<0.01). Allergic
subjects was significantly high in mouth/throat, nose, eyes, dermal, and
respiratory symptoms(p<0.01). Subjects experienced respiratory symptoms was
significantly high in all symptoms(p<0.01).

In results of symptoms score on lifestyle, increasing smoking-duration was
significantly high in eyes, respiratory and other symptoms(p<0.01). Weekly
exercise frequency was significantly low in only respiratory symptoms(p<0.01)
and sleeping time was significantly high in respiratory and other
symptoms(p<0.05).

VOCs personal exposure concentration measured in 11 air-bases were not
excess OSHA PEL, Methylene chloride was the highest(2.25ppm) and n-Hexane
was the lowest(0.17ppm).

Correlation between VOC personal exposure concentration and subjective
symptoms was significant in all symptoms(p<0.01).

In IRIS substance lists MIBK, Toluene, Xylenes and MEK were classified
under non-carcinogenic health-effect substances and each concentration was 471
ug/m', 482ug/m', 387pg/m' and 301ug/m'. Each inferred health risks of MIBK,
MEK ,Toluene and Xylenes were 0.157, 0.096 , 0.060 and 3.870. Benzene and

Methylene Chloride were classified under carcinogenic health-effect substances

and each concentration was 1993ug/m’, 153ug/m'. Each inferred excess
carcinogenic risks of Benzene and Methylene Chloride was 3.4x10* ~ 1.2x10°
and 9.4x10™

This study has a significance that measured subjective symptoms of aircraft
maintenance workers with THI and first assessed risks to VOCs personal
exposure in air-force. I hope that this study will be basic data to promote
quality of life to aircraft maintenance workers working in hazard

environmental workplace.

Keyword : Health Subjective Symptoms, Risk Assessment, VOCs
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