14 3 (2004 12 )
J Korean Soc Occup Environ Hyg 2004;14(3):251-263

(Indoor Air Quality, 1AQ) (Stolwijk, 1992). 1970 ,
, 1970
(NAS, 1993).
04 9 9 04 10 29 B '
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(Lee, 2000).

1970
(Sick Building Syndrome, SBS)

(Lende, 1980;
Molbare, 1982; , 2003).
(OSHA)
37
(WHO)
30%
(
, 2004).
187 19%
2000 5 ,
2000 21 , 2002 4
( :
2004).
2002 12
30 ( 6847 )
(2003. 6. 30), (2003. 7. 7)
(2003. 7.12)

2003

1990

. @7

L AFAE AdE71d 241 Alg 3

(http://library.hanyang.ac.kr/disearch/ TGUI/

Hanyang/Main.
&)

, 1990

)
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.EI"'
95%
I —_' -

.EI"'
(weight)

2 NEEEEEE HIWHEER

value)

(Roman, 2003). 1
1

CTE (centeral tendency exposure)
95%
UCL (upper confidence level)
RME (reasonable maximum exposure)

simulation)
: 25%, 50%, 70%,
90%, 100% .
Terystd  ball 2000
(Decisioneering, Inc),
10,000

3 TS e R HdeEE )

TOMES plus(Toxicology
Occupationa Medicine and Environmenta
Series) IRIS(Integrated  Risk  Infor-
mation System)

EPA
(Weighting of evidence)

(Unit  risk), (Extrapolation me-
thod), , , NOAEL(No
Observed Adverse Effect Level)

(sefety  factor) | LOAEL (Lowest Observed Adverse Effect
’ 99.7% mean+  Level) (Reference
3 stand- ad deviation concentration, RfC)
g=—FC .
TRV CTE  RME
(Modifying factor, MF)
e , (Uncertainty factor, UF)
, T&V(toxicological reference (Monte-Carlo (D
Table 1. Cusnlilabve estrrale of carcnogenic and noncancnogenic nsk from inhalation: exposure
. NOAEL
EPA UR  Extrapolation RfC
Pollutant Classfication (( m)’)  Method Route  Tumor type (mgkglda) LOAEL UF MF Reference
(mgkgday)
inhalation,
Benzene A 83x10-6  onehit  occupationd Leukemia Finsky et al. 1982
exposure
N : 119
Toluene D 04 L 119 300 0  Fooetd. 1990
. Woalf.M.A. ¢ 4.
Ethylbenzene D 1 N::43 30 1 1956
m-p-Xylene D 029 N:500 500 1 Ubgvarueta. 1980
o-Xylene D 29 N :145 500 1 Ungvary et a. 1980
Styrene C 1 N:4 30 1 ACGIH. 1986

UR : unit risk, RfC : reference concentration, N : NOAEL, L : LOAEL, UF : uncertainty factor, MF : modify factor ) .
A human carcinogens, B : probable human carcinogen, C : possible human carcinogen, D : not classfiable as to human carcinogen, E : no evidence of

non-carcinogen for human



, RIS

(average daily dose; ADD)

(EPA, 1989; 1997 ,
2001).

[C - i EL)
ALD= 7 Few. A7)

ADD average dally dose(mg/kg-day)
C : concentration( /)

IR : inhalation rate(m’/day)

ED : exposure duration(days)
BW : body weight(kg)

AT : averaging time(years)

(lifetime average daily dose : LADD)

(lifetime time LT)
time. AT)
1989; 1997,

(average
(EPA,
, 2001).

_ - iR £
EALD=" Ve 7]

(cancer potency factor:

CPF) CTE RME

(cancer risk: CR)

(reference concen-

tration: RfC) CTE RME

(hazard

index; HI) (EPA, 1989;

1997, , 2001),
, 25%, 50%, 70%,
90%, 100% .
Crystal Bal 2000(Decision-
eering, Inc)
10,000

mZ2 3

L AR AuE71A 24 AR
5 2 AR

2 1990
8
(1990)
Dust Monitor
: (1993)

4
(charcoal, coconut, 100mg/50 mg : Gillian
Co)
200 mi/min 2~3 ,

GC(Hewlett Packard 5890)
(1996)
CO11M(Environment SAA., France)

Tedler Air Sampling
Bag(SKC Inc., UK)
FID  Methanizer(Zr/Ni catalytic reactor,
p\Perkin Elmer, USA) GC
30mg carbotrap(60/80 mesh,
Supel Co.)

SGE BP1 capillary column
GC ATD 400(Perkin
Elmer, UK)
(1999)

Personal

(2002) Mini-Volume  Portable
Sampler(Model 4.1, Airmetrics Co., USA)
PM10
(2002)

(2002)

Passive Monitor  Radon
Cup .
(2003)  CO integrator(V-01-AN,
Japan)  CO; integrator(CD-95, Japan)

CO CO;

114+84 Im’, 2+16ppm,
1,008 + 983 ppm

, 1990

Benzene  11.1+131 /m’, Toluene
658+79.8 /m’, Ethylbenzene 7.7 +
93 /m’, mpXylene 231+256 /m’
Stylene  55+52 /m’, o-Xylene 146
+179 I’

2. 71 QB EAS] YadH7}



Table 2 & summary of indoor ar qualty in office bassd on Korsan [dersbure revies.

Vo S ™ ol Sawing metd Convsttion)
ShinD.C.  5stesin Seaul  CO, CO,, stec detector pump(unico 400), Non-smoke(Summer,Winter)
gd  (1989.2/1989. 7) NO,SO, MOTO(HS7, Japan) CO-14+04, 31+17 CO,-646+148, 7414185,
(1990) TSP rarosaniline formalin NO,-0.136+0.008, 0.023:0.010
I8t monitor TSP-86125, 137441
smoke(Summer, Winter)
C0-20£0.9, 4525 CO,-806+186, 680£175,
NO,-0.018+0.006, 0.033+0.017
S0,-0.046£0.022, 0.049+0.025
TSP-139+104, 225+92
ShinHS. 4 stesin Seoul  Benzene 1arcod, coconut, 100mg/50mg : Gillian) Benzene-76.9+63.7, Toluene-434.8+467.4,
e d (1993. 3 -4 Toluene Ethybenzene-54164, 0-Xylene-18.515.2,
(1993 Ethylbenzene m-p-Xylene-46.9+33.2
0-Xylene
m-p-Xylene
Baek SO. 24 stesin Daegu  CO, COy, 1M, Environment. SA., France CO-2+16, CO,-1008£983, NO,-0.022+0.013,
& (1994 8 / NO,,Benzene, dler ar sampling bag(SKC Inc., UK) Benzene-11.1+13.1
Kim.Y.M. 1994, 12 ~ Toluene, (GC. ZriNi catalytic reactor analysis) Toluene-65.8+79.8,
(19%) 1995 .1) Ethylbenzene, ter Badge(Toyo Roshi Kaisha Inc, Japan)  Ethylbenzene-7.749.3,
m-p-Xyleng, rtable Pump m-p-Xylene-23.1+25.6
Stylene, (Model AFC123, Casdlla London Ltd, UK)  Stylene-5.5¢5.2,
0-Xylene, rhotrap(60/80 mesh, Supeloco Inc, USA)  o-Xylene-14.6+17.9
1,35-TMB, (GC: ATD-400 andlysis) 1,35 TMB-8.1+19.1
124-TMB, rtable Pump 1,24-TMB-18.3£39.2
Naphthlene (SP15, Casdla London, UK) Naphthlene-6.9+7.2
Hwang.SM 18 sites in Daegu & PM10 rteble pump Daegu(Smoke, Non-smoke)
e . Dagjoen PM10-55.10, 7.66
(1999 (199. 8~ Dagjeon(Smoke, Non-smoke)
PM10-59.80, 96.80
NamBH. 2 stesin Seoul  PM10, B, Mg, ini-volume portable sampler PM10-57.5, B-0.540, Mg-0.009, Al-1.097,
ea. (2000. 4~ ) ALTi,V,Cr, (Modd 4.1, Airmetrics Co., USA) Ti-0.005, V-0.001, Cr-0.140, Fe-0.487,
(2002) Fe Ni, Cu, Zn, Ni-0.035, Cu-0.001, Zn-0.830, As-0.001,
As S, Cd, Ba Se0.001. Cd-0.001, Ba-0.447, Ce-0.002,
Ce Pb Pb-0.027
Bang.SJ. 4 stesin Seoul &  Legionellaspp r Sampler MAS 100 Legionellaspp-5,
e d. Gyeonggi Bacteria (MERK Germany) Bacteria-230,
(2002) (2001, 6~ ) Fungi Fungi-54,
Coliform Coliform-112
KimYS e 5stesinSeoul  Rn wlon cup(Passive integrate) Underground
d. (1996. 3~ 97.3) Rn-532¢28.7
(2002) Above ground
Rn-32.247.1
PakJG. & Stesin Gyeonggi TSP, CO, gitd Dust Indicator(P-5H, Japan), Generd office
YoonJW. CO,, J Integrator(V-01-AN, Japan) TSP-50, CO-1.31, CO»-806.25
(2003) Y Integrator(CD-95, Japan) Public office

TSP-35, CO-1.35, C0O-929.55




Tabla '3 Cistnbution for pooled concentration of ndoor air palluions in offices

95% Confidence interval
Pollutant Mean (?te\?ri]gt?grjw Upper leve Lower levdl Reference
PM10 114.000 84.000 278.640 0 Hwang.SM. et a.(1999), Nam.B.H. et a.(2002)
(60)) 1008.000 983.000 2934.680 0 Baek SO.  Kim Y.M.(1996)
(60) 2.000 1.600 5.136 0 Baek SO.  Kim Y.M.(1996)
NO; 0.022 0.013 0.047 0 Baek SO.  Kim Y.M.(1996)
Rn 33411 6.892 46,919 19.903 Kim Y.S. et a(2002)
Benzene 11.100 13.100 36.776 0 Baek SO.  Kim Y.M.(1996)
Toluene 65.800 79.800 222.208 0 Baek SO.  Kim Y.M.(1996)
Ethylbenzene 7.700 9.300 25.928 0 Baek SO.  Kim Y.M.(1996)
m-p-Xylene 23.100 25.600 73.276 0 Baek SO.  Kim Y.M.(1996)
Stylene 5.500 5.200 15.692 0 Baek SO.  Kim Y.M.(1996)
0-Xylene 14.600 17.900 49,684 0 Baek SO.  Kim Y.M.(1996)
CTE RME
0~5.10 1
4 99.12%
triangle
CTE 076 1 ( , 1997).
RME . . ,
186 1 3. =3 AUee A4
( , 2001), IRIS
0~328 5 20
1 m/day
36.83%
, IRIS
. CTE 20m’day , RME
CTE  RME 30 mday
020,051 1 ( (EPA, 1997).
, , ) triangle
CTE RME (Smith, 1994). triangle ,
. Adams(1993)
CTE RME (moderate),
101, 293 (18~60 ) (resting) (light)
, ( :693kg, :56.3kg) 1997
Table 4. Table 4. Comparison bebween feed-pointiCTE and AME) and safely fack by Monke caro simulaiion
Safety factor
Pollutant Fixed Point Monte Carlo S
CTE RME Mean Max Min o 50 75 %0 % 100
PM10 0.76 1.86 0.86 328 0 049 08 118 151 170 328
Cco 0.20 051 0.23 0.91 0 013 022 032 041 047 091
CO; 101 2.93 128 5.10 0 067 120 18 236 270 510




2004
15 ~64
(50 )
40~ 49 445
(305 ) CTE 305 ,
RME 50 :
triangle ( :50
0, 0305 ) (
, 2004).
838 1
CTE (
2627 , 1670 ) :
RME 95%
UCL ( , 2001).
2001
( :7284 , :8001
( , 2001; Thompson,
1992).
IRIS
(

, 2002). Benzene
95x10°% /mY)?, 11x
0% /m)?

CTE
89x10°, 6.1x10°
RME
23x 10",

CTE

19x10*

10°

36x10° 33x10°

RME

ki

10°

10°

1990



Table 5 Fesd assurmplons 2nd probabilsy dersilies usad as inpuls 10 nsk estimales i olfices

. Ditribution distribution
Parameter Unit CTE RME type parameters Source
3 Mean: 11.100 Song.H.H
Benzene ) 11.100 36.645 NM SD- 13100 1998 1992
B Mean: 65.800 Song.H.H
Toluene [ 65.800 221410 NM SD 79800 1998, 1992,
B Mean: 7.700 Song.H.H
Ethylbenzene 1 7.700 25.835 NM SD.: 9300 1998, 1992,
Pollutant
3 Mean: 23.100 Song.H.H
m-p-Xylene [ 23.100 73.020 NM SD 25600 1998 1992
B Mean: 5.500 Song.H.H
Styrene I 5,500 15.640 NM SD- 5200 1998, 1992,
B Mean: 14.600 Song.H.H
o-Xylene [T 14.600 49.505 NM SD 17.900 1998, 1992,
Max : 84 :
Male kg 57 57 TR Min: 35 i, 199
Likeliest : 57 N
Body weight
Max : 68 Smith, 1994,
Female kg 487 487 TR Min : 34 LeeSR,1999
Likeliest : 48.7
Max : 50 Smith, 1994
Mae yr 305 50 TR Min: 0 NSO, 2001
Exposure T '
duration Likeliest :30.5 Judgement
(ﬁ\i‘rfé)age Max : 100 Smith, 1994
Female yr 305 50 TR Min: 0 NSO, 2001
Likeliest : 80.01 Judgement
. Mean: 262.7 Judgement
Mae min/day 262.7 832.67 NM :
Exposure SD : 290.8 MOE, 2001,
frequency .
. Mean: 167.0 Judgement
Female min/day 167.0 662.88 NM D 2530 MOE, 2001,
. Thompson, 1992
Made yr 72.84 72.84 Point 72.84 NSO. 1997
Life time
. Thompson, 1992
Femae yr 80.01 80.01 Point 80.01 NSO, 1997
Max : 46.32 MOE, 2001
Male m’lday 20 30 TR Min:129%  AdamsW.S. 1993,
Inhalation Likeliest :34.80 Judgement
rate Max : 66.24 MOE, 2001
Femde m°/day 20 30 TR Min : 10.32 AdamsW.S. 1993,
Likeliest :31.92 Judgement

NM : norma distribution, TR : Triangle distribution, SD : standard deviation, Max : maximum, Min : Minimum
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Table & Companson of foed-namiCTE. AMED with Monte Caro unit cancer fisk and unit hazand index estimanss
on Ferardous alr polduton in offines

Cancer risk

Sex Pollutant Fixed Point Monte Carlo

Percentiles

CTE RME Mean Max Min 2% 50 75 20 % 100

Cancer Mde Benzene 89E6 23E4 36E5 13E3 17E9 68E6 19E5 44E5 85E5 12E4 13E3
fisk Femde Benzene 6.1E-6 1984  33E5 86E4 85E10 57E6 17E5 41E5 81E5 12E4 86E4

Hazard Mde  Tolume 3382 531 2281 149 37E-6 30E2 88E2 22E-1 49E1 78E1 149

Index bg%e 1663 2562 10E2 OQOE1 11E7 14E3 41E-3 10E2 2362 3762 99E-1
oo 16E2 24E1  9BE2 88 2667 1452 41E2 10B1 2261 34E1 88

Styrene 11E-3 151 62E3 10  74E8 90E4 26E3 64E3 132 21E2 10

Xy(I}ene 10E-3 17E-2 66E3 10E1 97E9 93E4 27E-3 68E3 14E2 23E2 10E1
Femae Toluene 25E-2 50E-1 22E-1 334  16E5 27E2 81E2 22E-1 47E-1 75E-1 334

Ethyl-

bozene L2E3 232 10E2 21 6OE8 13E3 40E3 10E2 23E2 36E2 21

Xryr/]l-g;e 12E-2 23E1 992 274 9I1F8 13E2 39E2 10E-1 22E1 35E1 274

Styrene 834 14E2  60E3 391 11E7 87E4 25E3 65E-3 14E-2 22E-2 391

o 76E-4 96E3 TO0E2 245 84E7 85E3 26E2 67E2 15E1 21E1 245

Xylene
Clayton et d.(1993) Janssen e (Koenig ¢ 4.,
a.(1998) 1993; Abbey et d., 1998).
Clayton et (Maroni et a., 1995),
a(1993)
50% :
Clayton et 4. (PAHS)
(Sisovic ¢t d., 1996).
114 I’ .
150 /m’ , ,
: (Spengler ,
CTE 1 and Sexton, 1983), (Maroni et

a., 1995; Guo et a., 2000).



(Otto et
dl., 1993 Guo et ., 2000). Guo et al(2004)
Benzene
9.32x10°
Benzene
89x10° 6.1
x10°  Guoed.
Guo &
a.
(
, : : )
. Guo ¢t a.
Benzene
110 /m’ 11.92
Im®
Benzene
. Guo
et al.
Benzene
40%
22x10° 15
x 10°
10°

1997

V. 4

1990

11
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114+84 m’,
2+ 1.6 ppm,
1,008 + 983 ppm ,

Benzene
1114131 /m’ Toluene 658+ 79.8
Im®,  Ethylbenzene 7.7 £93 /m’,
m-pXylene 231+256 /m’, Stylene
55452 /m’, oXylene 14.6+17.9

Im®

1 36.83%, 99.12%

Benzene
89x10° 6.1x10°

10°
, Toluene,
Ethyloenzene, ~ m-p-Xylene,  Styrene,
o-Xylene
1
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