
?!!%9$4^8qqA d ] 1 6 3  ~ ] l ~ ( 2 0 0 6 $  3 3 )  
J Korean Scc Occup Environ Hyg 2006;Iq 1):54 -67 

* 01 9775 2005g 3%h,Fq9$jtJ-39+$!q 9+~]+llZ 973 849 
3+$"? : 2@Jj$13 199, jHq$"? : 2(H$33 289 
f Z ~ Z ~ K )  : 4 4 9  (?'$-A] ~ j q  gq$g 3711 9x1  %O)~%!J ~ B J G ) ~ z $  

Tel : 051-240-2915, E-mail : jmkim2@daunet.donga.ac.kr) 



q. srzj 4 2-ggq 2 CFOot#$ 33 q -1 9-1 41 5HAj A E  

4 3323 5s +$iiqg* gqcg 2g 341gg q25\ 
i! 2% 4xd0101cF. q~197jH~j+444q gq@$ 
2-20 o ,J% - A1 x40lq. T Z C ' H T  l r q q  ?Ii z 0 

4d-1Jg 57\91 3% z)xHq #%kg$! A)$ 

ol A ,.Ha, 03 z A J HI-1  ~4 ,3 $ 7 t q  541 @ 7 1 w  %0z +q 
% 71 9- % o1  4 -d q q 9 9 % 3 ( S i c k  Building 
Syndrome:SBS) , %%k?&%;F544yl$ ( ~ u l t i p l e  Chemical 
Sensitivity:MCS) gq 4% 4 9 01 ?7_Fq $A1 4 q 3 7 )  4 
2qxJgqq ~43977\~= ~ 5 . t ~  %q(7d97, 1997). 

4-?4qAj q 1 5 k  t s ~ ) q  $+ At74 g7]9-$4) 
u;FE q0&3 37J347) %$!g ;l, 2q. Ae4 g719-$01 

$ g ~ E q  $7&0l*J $AJq] 44149 4 9 2 s  $k 
%5\~1 32q +q E 43q% q m]$, gqEA\Hl$, sr 
4 2  +9+441 nlqq $+ qq, 9 3  47qz XJS g q  
% ~ z E  Eq(CouItas 5, 1991). 01~j2 ~ 1 %  o l p l o ] ] ~  4 
.H g$ 4 xj 5\71 tsz\q 4 34 -1J*AJ% X]Z\A] 4 2s 

1299 ?-)? 3d342g 142q ~13 7 \4ge  
2i!S 2 q  (Jamstom 5 2003). 01 f 4 HI$$$ A\ 4341 4 
0 g 90~1$03. A]+gqg, $81 3grx;lq 4+7\ %g- - 

A E " ;  q d+ +47) 9342s  ̂ ,$AJ5k 2O,Uyq g @  
301 5q441g 3~1CF. u;F4~j 4;4l9 4+4 4q@$ 
3 EAJP AF"r."? $gz\01 37J5ko~iiHS q] "J5\71 4 -)'5 2+q 
4.2Z]o,F, qh\ ,g*AJ% $04 4 ~8q-g qy-3* ?\+!O]) 

AjE 3944 sk 7 2 q .  O]O]]  44q qqAj+ ~E+d@d 
4 z7)gs gZ\a] 5 54~17171 4 3  534 29 
A j k  01Al-l. 
0 z 7 341 4 - % 7 1 7 4 1 A j  + 99 ilAJl $ 5  At-E;$) 

4441 9% 9q-g 4]+j5)%i!, ggO]]Aj+ k%O,F$4-18 
3 AFk 4-18 71 37-42 41 3Z\%Oq, nl T3%q3gd 
gqAjt 4qg7143 g$$ if"J2 41q3 tl\ 2q. 
+++z+r ~ t _ ~ ; 4  g$q 3713 $44 $ 2 ~ ~ 2  94 

?-ti! *w?!g$3q 713% +$s\q 20029 123 309 
41 7H 3 $3 (3 5 68478) P 3~ \%q .  01 u;FzF 514 3 
gOSA1 5% Alad 9 (2003. 6. 301, (m3. 7. 7) 5 
*lgd71%41 $3 if4 (2003.7. 1214 7HxJ$k'32 20039 
41 F+ $s"a0gMj At_E;$j zgz\q 37J$ 45\q +I 
y-371f 93 ifq~I1 ' A F ~  P g g g  9 3  7j7J37jHq 
q ] ~ $  2 $l/.?5\%~, 47H 53 (4-~AJ 34, O_?+g@&, 0 1  
*#@&, 25gd]815) 01] q5\q AJ-I;Jgq #7] 4 71- 
41~15\i! 2q. 
sr~]q 3.1 ?$w$g7j%*Jq A\Y~ 3714 % d g  

34 .L,?q@gg% $45\il2% qyiq+ $4 zB*q 
qgg4j]]A]g qq20q, ETL 4qg7144 3 3 3  q 
q q%golJAj if$!S\i! 2% 9iqq"J gz\7\ +qqig 

W E A E  20059 8 $ 7 ~ ]  93T~\x127H3 59 q - 3 .  
k r ~ l q  4.13 ~t_E;+lg q ~ J 0 g  g k-q glcj-ag 
3% 41Aj +;Fl]S)i! 2% 9-953 (Z%AJ+y, 9?$#3&, 
01*#3&, Zg"2Fdl51F)% 41q 3 un] 7-41agg4 f, 
ol*g-~"?k, ag, $q9~~f; -7p+~g,  /1-;1g, 4)-4-2 q~d-2 
s gdyq -143714 g?jA]%";l@d?, 20W)Ol) 5% 
514 4qeAB +gZ\yjgq, 43 AI-I;<qq ps@d 

a o -  
E A ~  SH p ~ 9 l $ r s  g~?h] 32s 33 713  7 2 2  q X;C] 

gkl"oF 4 $4 71 (TSI, Model 8762, USA)  % ~\$5\q gg @ 
Td P ZA\~\% q. 

*q g g7q 97qAJ AF4g 5 A ] i f ~ ' $ ,  a 
5q q q g s  7?5\0j 4 1 A l 3  9 % .  q$kAl+gg q5  
A ] ,  3Wl. & E A ~  44 10714 % 307Hkq ~ E 4 2  qAJ 
c g  4qEAE 7.j5)%_O_q7 qAJ $+4. j$o]5\ 

I l7H&, 1-3$ 97(&,390] "J 107Hks 755\04 4q 
E h E  ;l,g5)%q. 



Ad XISO,! %iL';;-S (RK) 4 -1\S$ US. EPAq IRIS (integrated 

risk information system) 4 zdJ01 Ej 4101 hi5 01 $%\%?Q. 4 g 
IdAJS4g US E P A ~  S%~llA]O,!  9%FS7-14 71% 
(weighting of evidence) 011 44 9%q$ %?g\%oq, 99 
91 :lijH 5, 4 *d-"Jy, %F4 g q,  NOAEL (no observed adverse 
effect level) 5% LOAEL(1owest observed adversed effect level) 
$?El %5@ @-Jss 2 53flqgq] o ] g %  $%$ -11 

H F A  -= - 5 ) ~ l ~ j - l O  7 s q  qqkw%L+^d 4 qAd2 )j .)-- L 3 1 2 0 2  3- 

35\71 4 3 ?jg 7rllS(MF) 91 PqgAJ A 1 9  (UF) 5% EA\ 

Tablel. The distribution of subject office 

Item 

Building 
Year (yr) 

Large city Middle city Small city Total 

Total 10 10 10 30 

Table 2. The toxicological data of cancer material in VOCs 

EPA 
Material cancer Unit risk Extrapolation Type Species Route Reference 

of cancer 
class 

Low-dose Rinsky et al., 1981, 
2.2 x 10~h linearity utilizing 1987; Paustenbach et 

Benzene A to maximum Leukemia Humans Inhalation a[., 1993; trump and 
7.8 X likelihood Allen, 1984; Crump, 

estimates 1992, 1994; U.S. EPA, 
1998 

Table 3. The toxicological data of non-cancer materials 

Pollutant 
EPA 

cancer 
class 

Dose(mg/m') 

UF MF 
RfC 

NOAEL LOAEL (mglm') 
- - 

Ethylbenzene D 

Styrene C 

Toluene D 
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CIE (cenhal tendency exposure : mean or the 50th percentile) 4 81 01 q7_Fq 2341fiofl4 3 99 & 2 qSFP5 41 A] Z\ 
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Table 4. Fixed assumptions and probability densities used as inputs to risk estimates in offices 
parameter 

parameter CTE RME 
Distribution Distribution 

Unit 
tY Pe parameters 

Source 

Body 
weight 

Exposure 
frequency 

Exposure 
duration 

Lifetime 

Inhalation 
rate 

Male Kg 

Female Kg 

Male minlday 

Female mintday 

Male year 

Female year 

Male year 

Female year 

Male m3/day 

Female m3/day 

TR 

TR 

TR 

LN 

TR 

TR 

Point 

Point 

TR 

TR 

Max : 95.8 
Min : 53.5 
Likeliest : 60.0 

Max : 62.5 
Min : 43.5 
Likeliest : 49.0 

Max : 679.66 
Min : 64.40 
Likeliest :600.00 

Mean : 524.55 
S.D. : 165.30 

Max : 50 
Min : 0 
Likeliest : 30.5 

Max : 50 
Min : 0 
Likeliest : 30.5 

70 

80 

Max : 46.32 
Min : 12.96 
Likeliest : 34.80 

Max : 66.24 
Min : 10.32 
Likeliest : 3 1.92 

Questionnaire 

Questionnaire 

Questionnaire 

Questionnaire 

Smith, 1994, 
NSO, 200 1. 
Judgement 

Smith, 1994, 
NSO, 200 1. 
Judgement 

EPA, 1997, 
MOE, 200 1. 

EPA, 1997, 
MOE. 200 1. 

MOE, 200 1. 
Adams.W.S., 1993 
Judgement 

MOE, 200 1. 
Adams.W.S., 1993 
Judgement 

TK : triangle distribution, LN : 1 ogrlorrnal distribtuion. S.D. : Standard deviation. 
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Table 7. The concentration of nitrogen dioxide by city size and building year ~ ~ r ~ i t :  ppni 

Building Large city Middle city Small city Total 
year 

(Y r) N M f  SD N M f SD N M k S D  N Mf SD 

~f SD: rnean f standard deviation 

Table 8. The concentratio11 of ozone by city size and building year unit: ppm 

Building Large city Middle city Small city Total 
year 

(Y r) 
N M f S D  N M f S D  N M f  SD N MfSD 



Table 9. The concentration of radon by city size and building year 

unit: ppnl 

Building Large city Middle city Small city Total 
year 
(Y r) N M k S D  N M k S D  N M * SD N M f  SD 



Table 10. The concentration of volatile organic compounds in office indoor air 
unit:~g/m' 

v o c s  
Sampling 

N Mean SD Max Min p- Value 
Point 

TVOCs 

Benzene 

Toluene 

Xylene 

m+p- 
Xylene 

o-Xylene 

Styrene 

Ethyl 
benzene 

Hexane 

Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 
Center 
Enterence 
Total 

Table 11. The concentration of total volatile organic compounds by city size and bl-~ilding year 

uciit:wg/nf 

Building Large city Middle city Small city Total 
year 
(Y r) N M f  SD N M L S D  N M k S D  N M f S D  
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Fig. 1. The frequency distribution of cancer risk of benzene. 
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Table 12. Health risk assessment of benzene 

Cancer risk 

Point estimate Probabilistic 
Gender Percentiles 

RME Mean Max Min 
25 50 75 90 95 100 

CTE : central tendericy exposure. RME : resoriable maximum exposure 
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(C) Ethylbenzene for male (d) Ethylbenzene for female 

Fcw:ad KKFFlCLm 6- , b f k ' l  Fete :&I HH~;fFli'F-m p- , k r ~ f  

3 @[<t T rub F mucn; Ctud 4W Kfupl* ~d 5150 Twb FIWIIS~; Ckd 4 $3 Dupb, ad 

- - * - - - - - - - - - - - - - - * - * - - - - - - - -  

2 
". 

h .- K 
T 

6 
,- . . . . . . . . . . . . . . . . . . . . . . . . . .  r 
1 e 

.3 
C 

1 2 
L z - 

3 

(e) m+p-Xylene for male (f) m+p-Xylene for female 
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(i) Styrene for male 

Fig. 2. Freql~ency distribution of risk in non-cancer matel-ials. 

(J) Styrene for female 
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