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Abstract

Extension Possibility of Indoor Air Standards in Office Building by

Health Risk Assessment

Young-Man Roh - Cheol Min Lee * Yoon Shin Kim * Seok Won Kim" * Chi-Nyon Kim” * Hyun-Wook Kim” - Kee
Hong Cho” - Ho Chun Choi’ + Jung Man Kim® "

Institute of Industrial and Environmental Medicine, Hanyang University + Korean Society of Industrial Hygine
Laboratories”
Institute for Occupational Health, Yonsei University” - Department of Preventive Medicine, Catholic University”
Federation of Korean Trade Unions” - Korean Industrial Health Association, Institute of Occupational Environmental Health”
Department of Preventive Medicine, Dong-A Univerisyﬁ)

This study was performed to deduct the extension possibility of the standards
establishment for NOs, Os, Asbestos, Radon, TVOC excluded in the indoor air part
of Industrial Safety Acts in Korea. The air pollutants were sampled for 30 office
buildings from August to September, 2005 in the Metropolitan area. The airborne
concentrations of NOgz, Oz, Radon and TVOC were 0.0092 ppm, 0.0035 ppm, 0.57
pCi/L and 423 ug/mg, respectively. The management plan and reduction methods is
required in the aspect of indoor air quality because the emission sources of those
also exist in indoor as well as outdoor even though those were not exceeded the
standards of the Ministry of Environment in Korea. The standard for total volatile
organic compounds in the new and remodelling office has to be established based
on the risk assessment when hazard index exceeded "1" in the worst case scenario.
In the state of art, the management of each volatile organic compounds has a
difficulty due to not enough data for toxicological reference. Therefore, it is

suggested that first of all, the standard for total volatile organic compounds be
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improvement of indoor air quality in office.
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Table 2. The toxicological data of cancer material in VOCs

EPA
Type
Material cancer  Unit risk Extrapolation yp Species Route Reference
of cancer
class
Rinsky et al.,, 1981,
Low—-dose .
29ox107® linearity utilizing 1987; Paustenbach et
. ) . al., 1993; Crump and
Benzene A to maximum Leukemia Humans Inhalation .
% likelihood Allen, 1984; Crump,
7.8x10 estimates 1992, 1994; U.S. EPA,
1998
Table 3. The toxicological data of non—cancer materials
EPA Dose(ma/m°)
RfC
Pollutant cancer UF MF 3
(ma/m®)
class NOAEL LOAEL
Ethylbenzene D 434 300 1 1
Styrene C 94 94 30 1 1
Toluene D - 119 300 1 4x107"
m+p—Xylene D 500 - 500 1 2.9%x107"
o0—Xylene D 145 - 500 1 2.9
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Table 4. Fixed assumptions and probability densities used as inputs to

estimates in offices.

risk

. Distribution Distribution
Parameter Unit CTE RME Source
type parameters
Body Male Kg 69 92 TR Max : 95.8 Questionnaire
weight Min @ 53.5
Likeliest : 60.0
Female Kg 52 60 TR Max : 62.5 Questionnaire
Min @ 43.5
Likeliest : 49.0
Exposure Male min/day 452 660 TR Max : 679.66 Questionnaire
frequency Min @ 64.40
Likeliest :600.00
Female min/day 518 660 LN Mean : 524.55 Questionnaire
S.D. : 165.30
Exposure Male year 30.5 50 TR Max : 50 Smith, 1994,
duration Min : 0 NSO, 2001.
Likeliest : 30.5 Judgement
Female year 30.5 50 TR Max : 50 Smith, 1994,
Min : 0 NSO, 2001.
Likeliest : 30.5 Judgement
Lifetime Male year 70 70 Point 70 EPA, 1997,
MOE, 2001.
Female year 80 80 Point 80 EPA, 1997,
MOE, 2001.
Inhalation Male m®/day 20 30 TR Max : 46.32 MOE, 2001.
rate Min @ 12.96 Adams.W.S., 1993
Likeliest : 34.80 Judgement
Female m®/day 20 30 TR Max : 66.24 MOE, 2001.
Min @ 10.32 Adams.W.S., 1993

Likeliest : 31.92 Judgement

TR : triangle distribution, LN : Lognormal distribtuion, S.D. : Standard deviation,
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Table 5. The characteristics of thermal environment in office building

Max. Min.

SD

Mean

29.7 22.5

2.0

26.5

28

Temperature(C)

Relative

10.9 72.0 27.4

54.4

28

Humidity (%)
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Table 6. The concentration of gaseous pollutants in office indoor

and outdoor air

unit:ppm
Pollutants N Mean SD Max Min p—Value /O ratio
NO  Indoor 30 0.0044 0.0029 0.0130 0.0011
0.157 0.5
Outdoor 4 0.0096 0.0065 0.0180 0.0026
NO, Indoor 30 0.0092 0.0048 0.0194 0.0021
0.266 0.6
Outdoor 4 0.0145 0.0055 0.0220 0.0087
NOX Indoor 30 0.0136 0.0065 0.0290 0.0038
0.206 0.6
Outdoor 4 0.0245 0.0124 0.0410 0.0114
o Indoor 30 0.0035 0.0025 0.0107 0.0005
’ 0.006 0.6

Outdoor 4 0.0059 0.0013 0.0068 0.0041

ARALS @FS BFsT= 0.0035ppme2 SFR "US0IBAIES9 &

>
i
[t
i3
10
10)
IS
N
M4
bal
o
=
(@)
(@))
©
©
3
2
E
%
A
ro
O
H
1>
M4
o
1
A o
rr
»Y
|0

_11_



Table 7. The concentration of nitrogen dioxide by city size and building year

unit: ppm
Large city Middle city Small city Total
Building
year
Y M+SD N M+SD N M+SD N M+SD
<1 3 0.0128+ 4 0.0122+ 4 0.0045+ 11 0.0096+
0.0059 0.0026 0.0036 0.0054
1 -3 3 0.0097+ 3 0.0093+ 3 0.0037+ 9 0.0076+
0.0042 0.0014 0.0021 0.0038
>3 4 0.0132+ 3 0.0095+ 3 0.0073+ 10 0.0104+
0.0058 0.0020 0.0043 0.0048
Table 8. The concentration of ozone by city size and building vyear
unit: ppm
Large city Middle city Small city Total
Building
year
SN M+SD N M+SD N M+SD N M+SD
<1 3 0.0021+ 4 0.0039+ 4 0.0041+ 11 0.0035+
0.0011 0.0041 0.0045 0.0035
1 -3 3 0.0045+ 3 0.0036+ 3 0.0037+ 9 0.0040+
0.0019 0.0028 0.0029 0.0023
>3 4 0.0028+ 3 0.0023+ 3 0.0042+ 10 0.0031+
0.0022 0.0009 0.0007 0.0016

_12_
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unit: ppm

Middle city Small city Total
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year

M£SD
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Table 10. The concentration of volatile organic compounds in office indoor air

unit: gg/m
VOCs Sam;?ling N Mean SD Max Min p—Value
Point
TVOCs  Center 30 578.8 944.8 4258.4 7.3 0.006
Enterence 30 268.4 300.7 1472.9 13.9
Total 60 423.6 712.5 4258.4 7.3
Benzene Center 5 7.4 5.1 16.0 3.2 -
Enterence 1 3.6 - - -
Total 6 6.8 4.8 16.0 3.2
Toluene Center 29 115.3 168.7 863.1 8.9 0.005
Enterence 30 81.2 119.0 634.9 4.8
Total 59 97.9 145.3 863.1 4.8
Xylene Center 16 29.5 591 242.3 1.5 0.179
Enterence 16 21.5 41.6 173.2 1.1
Total 32 25.5 50.4 242.3 1.1
m+p- Center 8 75.6 82.1 253.8 15.8 0.249
Xylene  enterence 4 57.1 56.8 140.8 15.8
Total 4 94 1 107.6 253.8 26.1
o-Xylene Center 4 37.1 44.7 103.8 11.3 0.229
Enterence 4 25.1 29.4 68.9 5.1
Total 8 31.1 35.6 103.8 5.1
Styrene  Center 8 86.9 143.3 408.7 6.5 0.671
Enterence 4 11.7 5.5 17.2 5.1
Total 12 61.8 120.2 408.7 5.1
E t hy ICenter 16 34.9 66.3 268.0 4.2 0.108
benzene enerence 17 22.0 37.7 156.2 2.0
Total 33 28.3 53.0 268.0 2.0
Hexane  Center 11 63.2 106.4 291.1 7.6 0.329
Enterence 5 16.5 3.2 21.5 12.8
Total 16 48.6 89.7 291.1 7.6
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The concentration of total volatile organic compounds by city size

Table 11.

and building year

unit: ug/m

Middle city Small city Total

Large city

Building
year

M£SD

M£SD

M£SD

M£SD

(yr)

526.7+

464.7+

157.2+

8 865.8+698.3 8

<1

734.5

922.6

157.2

490.0+
978.6

432.0+
4211

[<o]

220.3+
1221

[<o]

817.7+
1686.2

124.5+ 1221+ 250.4+

441.0+

274.5
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110.8

348.3
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(a) frequency distribution of male
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Forecast: CR_OFFICE_Benzene_F
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(b) frequency distribution of female

Figure 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
CTE RME Mean Max Min

25 50 75 90 95 100

Male 5.19E-07 4.80E-06 7.45E-07 1.05E-05 4.78E-09 3.28E-07 5.36E-07 9.27E-07 1.51E-06 2.01E-06 1.05E-05

Female 8.69E-07 7.63E-06 3.10E-06 3.02E-05 1.22E-08 1.30E-06 2.21E-06 3.76E-06 6.44E-06 8.81E-06 3.02E-05

CTE : central tendency exposure, RME : resonable maximum exposure
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Table 13. Health Risk assessment of non—cancer materials

Hazard Index

Point estimate Probabilistic
Gender Pollutants
Percentiles
CTE RME Mean Max Min
25 50 75 90 95 100
Male Toluene 2.4E-02 3.1E-01 3.5e-02 1.1E+00 1.3e-04 6.1E-03 1.4E-02 3.56-02 8.36-02 1.3e-01 1.1E+00
Ethylbenzene 2.8E-03 3.1E-02 1.6E-03 6.9e-02 1.4e-06 2.7E-04 6.9e-04 1.7E-03 3.86-03 6.1E-03 6.96-02
m/p—Xylene 3.1E-02 2.9e-01 1.1E-02 56E-01 2.86-05 2.1E-03 5.1E-03 1.2E-02 2.6E-02 4.2E-02 5.6E-01
o—Xylene 1.0E-03 1.2E-02 1.5E-03 2.0e-02 6.0E-06 3.2E-04 7.7E-04 1.88-03 3.5E-03 5.2E-03 2.0E-02
Styrene 5.5E-03 7.2E-02 7.38-083 5.1E-01 1.1E-05 8.5E-04 2.4E-03 6.66-03 1.7E-02 2.9e-02 5.1E-01
Female Toluene 3.4E-02 4.2E-01 1.36-01 6.36+00 2.26-04 2.1E-02 5.2E-02 1.3E-01 3.0E-01 4.9e-01 6.3E+00
Ethylbenzene 4.0E-03 4.2E-02 1.1E-02 7.9E-01 3.7E-05 2.1E-03 5.1E-03 1.2E-02 2.6E-02 3.9E-02 7.9E-01
m/p—Xylene 3.66-02 3.2E-01 1.1E-01 2.5E+00 1.46-03 2.6E-02 5.6E-02 1.3E-01 2.5E-01 3.7E-01 2.5E+00
o—Xylene 1.2E-03 1.4E-02 7.3-02 1.5E-05 9.3E-04 2.36-03 5.3e-03 b5.3e-03 1.5E-02 1.56-02 7.3E-02
Styrene 6.9E-03 8.8E-02 2.4e-02 2.3E+00 9.3e-06 2.6E-03 7.5E-03 2.1E-02 5.4E-02 9.7E-02 2.3E+00

CTE : central tendency exposure, RME : resonable maximum exposure
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