SHEstAEAEIS|X|, H33E M15(2007)
Kor. J. Env. Hith., Vol. 33, No. 1, pp 1~10(2007)

=
a?gg g

fydhsta 2 2 4

£5H+ - 0D - X

9l el e, elAh Sk WAAF

Health Risk Assessment of Indoor HAPs in New Apartments

Jong-Cheol Kim - Yoon-Shin Kim' - Young-Man Roh - Seung-Cheol Hong* -
Cheol-Min Lee - Hyung-Jin Jun
Institute of Environmental & Industrial Medicine(IEIM), Hanyang University

*Department of Occupational Health & Safety Engineering, Inje University
(Received September 4, 2006/Accepted November 6, 2006)

ABSTRACT

This study accomplished to grasp the present condition of HAPs and to examine efficiently carcinogenic and non-car-
cinogenic health effects through health risk assessment in new apartments from June, 2004 to May, 2005. Moreover,
we performed uncertainty analysis by Monte-Carlo analysis to control uncertainty of exposure factors. The major results
obtained from this study were as follows. Firstly, cancer risk of formaldehyde for male was 1.67 x 10~ in CTE in point
estimation. Cancer risk of formaldehyde was showed 2.94 x 10 in RME that applied worst case used results of
95 percentile in point estimation. It exceeds 107 of guide line in US EPA. Moreover, cancer risks of formaldehyde for
female were 3.98 x 107 in CTE and 3.93 x 10~ in RME. Secondly, every hazard index for non-carcinogenic pollutants
was less than 1 of permitted standards in CTE. However, in RME of male, hazard indexes of 1,2-Dichloropropane and
Toluene were 1.3 and 2.0, respectively. Hazard indexes of 1,2-Dichloropropane and Toluene for female in RME were

1.7 and 2.6, respectively.
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Table 1. Fixed assumptions and probability densities used as inputs to risk estimates

Distribution Distribution

Parameter Unit CIE RME Source
type parameters
Max : 71.6
Male kg 68.8 71.6 TR Min : 64.9 MOE, 2001
Body Likeliest : 68.8
weight Max : 61.6
Female kg 56.0 61.6 TR Min : 52.1 MOE, 2001
Likeliest : 56.0
. Max : 70.56
Male yr 30 70.56 TR Min : 0 MOE, 2001
Exposure Likeliest : 30
duration Max : 78.12
Female yr 30 78.12 TR Min : 0 Survey data
Likeliest : 30
Male min/day 0.52 0.92 NM Mean : 0.52 MOE, 2001
Exposure SD : 021
frequency . Mean : 1307
Female min/day 1307 1440 NM SD - 147.9 Survey data
o Male yr 70.56 70.56 Point 70.56 MOE, 2001
Lifetime
Female yr 78.12 78.12 Point 78.12 MOE, 2001
Max : 46.32
Male m’/day 20 30 TR Min : 12.96 11:45);1;52\)(\)/051 1993
Inhalation Likeliest : 34.80 U )
rate Max : 6624
Female m*/day 20 30 TR Min : 1032 MOE, 2001

Likeliest : 31,92 ‘2damsW.S., 1993

NM : normal distribution, TR : triangle distribution, SD : standard deviation, Max : maximum, Min : Minimum, MOE : ministry
of environment, Korea.
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Table 4. Concentrations of carcinogenic HAPs in new apartments (unit: pg/m’)

Pollutant Site N Mean S.D. Max. Min. p-Value /O
Indoor 113 548 3.17 18.01 0.16
Benzene 0.267 1.20
Outdoor 36 483 252 11.36 0.14
Ind 97 1.63 0.98 4.68 0.03
Carbon neoor 0.592 0.91
tetrachloride  Qutdoor 30 1.74 1.11 5.26 02
. Indoor 104 239 1.24 6.32 0.06
Carcinogen  Chloro form 0.140 1.35
Outdoor 31 2.02 1.19 5.55 0.18
1,2- Indoor 98 1.92 1.68 9.42 0.06
. 0.249 1.22
Dichloroethane  Qutdoor 30 1.55 0.96 4.13 0.17
Ind 108 71.70 041 21052 4.66
Form neoor 0.001 6.48
aldehyde Outdoor 33 1627 17.08 91.64 3.1
e AT edEd F Ued o e vEi A 37 F Chloroform®] HF 55 2.39 pe/m’
2= AXSL ik o7 A9 202 ngm’l} ¥4 ZAE ™, YOH]
‘Q’?:]"‘é FoiatetEd = A9 Benzened HiET = 1352 A7) & Chloroform®] E%7T A9 &
= AETEFHY A9 A9 548 ugim’, A9 A4 7RT B4 2R AL BHESET glth
L 4. 83 ug/m3i ZAEQ O EAIZC R 893 xo] 29l 1.2-Dichloroethane?] Hit-&E+ 192 pg/m’
= g Aoz AR, HE VorE 1202 4 9} Ae)e) AL 155 pg/m’eE FAMER 0w, A F-
W 371 5 Benzene®) FEUF AW} ko, o] 1 % 1,2-Dichloroethane®] =7t ARt =80}
A7z A 7] F Benzen®) @AYol BAGAL 9L FAY 1@ Aol itk VOHIZE 1222 Aje)
&g A oR AAfsiar At Jéfr%Lﬂ AeEn 28 718 Holi )
Carbon tetrachloride®] 73 T A F7] F EHdss A9} Formaldehyde® Bs=E Aulelx 7170

7} A9 s Erch Bk 8RS Bo|w i), A pgm®, ALolA 1627 ngm’o 2 ZAEUAL, A9
HHeEe 1.63 ug/m3_i A9)9] 174 pgm’e 2 A Formaldehyde®] 5= SAZLE folg Ajolg X
o) Fxrt 24 2AECE ovlE 0918 A9 ¥ Arh(p<0.05). VOuE 6.48% ZAIE]S] Formaldehyde
7} 29] Carbon tetrachloride Ba-5%7} ARc} = o] g WY Aol EAl= Aoz AU

A ZAE AT Table 5914 AEFTFFEL] A7) £ vdedd
Table 5. Concentrations of non-carcinogenic HAPs in new apartments (unit: ug/m’)

Pollutant Site N Mean S.D. Max. Min. p-Value /O

. Indoor 61 3.39 1.56 7.19 0.01
1,4-Dichlorobenzene 0.130 1.04

Outdoor 18 2.73 1.78 5.66 0.01

. Indoor 77 2.35 1.53 6.76 0.02
1,2-Dichloropropane 0.001 1.02

Outdoor 19 2.10 1.38 4.05 0.04

Indoor 113 22.37 36.10 21942 0.49
Ethyl benzene 0.034 2.61

Non- Outdoor 36 9.01 17.47 107.09 0.38

carcinogen Indoor 111 15.25 30.19 185.86 0.16
Styrene 0.247 2.36

Outdoor 35 8.60 27.38 165.17 0.1

Indoor 113 274.62 1075.10 7615.72 1.34
Toluene 0.089 5.61

Outdoor 35 45.80 69.20 391.34 0.65

Indoor 112 24.60 4407 289.27 0.06
m+p-Xylene 0.056 5.84

Outdoor 34 9.68 17.52 100.76 0.03

Indoor 112 13.95 22.26 148.6 0.43
0-Xylene 0.037 2.18

Outdoor 36 6.00 7.54 44.58 04
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e ® AFmrt A8 F7) 59 Styrene F=RT}
ERo BAH R Foldt AlolE HolA| esirh
VOH|= 23608 ZAME .

A9 Toluene?| HHAETE AUl 274.62 pg/
m’, Aol 4580 ug/m’oE FAEQT A zlo)
= %o, Toluene VoY= =& HRP} FAA
T Be WG HE 5610F ZAMEUCH

m-p-Xylene2] 2 HiHsEE 24.60 ug/m’S 2 49
BEQ 9.68 pgm’Rrl g8 BHolxe glont Ay
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AT Hghe o83 T4 EU CTE(central
tendency exposure) }°X= Benzene, Carbon tetra-
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9] WIS EE 294X 107°22 EPAA A3k 3
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FEEH A EE AN BHPER 249 2
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AT A 4) G ERAGA 10°¢ 2FH3h=
AFHE Holi o, 7Y F& ISR E He
Formaldehyde®] ZutizlollA 4.07x10%9 AxgHE 2
o]aL it

AAe] 7%, Sh 2 B BRA 1098 23
3192 ™ Formaldehyder} 71+ & dFlEs B
o)z om, HuFre A% HAl Formaldehydeol A
9.93x 10702 HISLIIFAE 2t o= =
A AT ,

AZFFFANN P ohgel PN B
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£ B4 BFoA ool g wlE] w2 2
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Table 79Xe AEFEFENA BEd HAP
g ¥ES Y EAFE GAEAH AR L8l
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o] Bt e JEZ | o8t A F3FFe] FFE
sk 71ER) 178 B 238 e AR &
AlEIlom, o] A e HER 2t CTE 4%
oA A 73 FFol S AL Aok Holx
£%%% RME A3A % 14-Dichloro benzene,
Ethylbenzene, Styrene, m-p-Xylene, o-Xylene®| v
g fslzAee 10182 7 fsliddel gle
1,2-Dichloropropane®] 18| =214= 1.3, Toluene] |
FEAFE 2008 12 ZAsEE itk

A9l 7%, CTE el ZE didedEZS 9
=AFE 1018ke] A5 KHoli ot ey, RME
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