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ABSTRACT

Objectives: Although the risk assessments for nitrogen dioxide (NO,) and ozone (O;) have been extensively
studied, most of the existing risk assessments were limited mainly to indoor environments such as workplaces,
schools, and multi-use facilities. Therefore, integrated risk assessment is needed to consider exposure in all
microenvironments, including outdoors. The purpose of this study was to assess the differences in risk among
sub-population groups according to time-activity patterns and reported concentrations, as well as the lifetime risk
of Koreans.

Methods: In this study, we estimated time-weighted average exposure concentrations of NO, and O; for
preschool children, students, housewives, workers, and seniors using residential time and indoor concentrations
(house, school or workplace, other), outdoors, and transport by meta-analysis method. The risk for NO, and O;
were assessed by hazard quotient using reference concentrations 30 and 60 ppb, respectively. The risk
assessments were conducted through 1,000,000 Monte-Carlo simulations for probabilistic analysis.

Results: Preschool children, students, housewives, workers, and seniors spent 91.9, 86.0, 79.8, 82.2, and 77.3%
of their day in a house, school, or workplace, respectively. The risk assessment for the lifetime of a housewife
and a worker showed that 33.8 and 28.4% of hazard quotients of NO, exceed 1, respectively, and more than 99%
of hazard quotient of O; were less than 1.

Conclusions: The risk of NO, and O; by sub-population group and for the lifetime of housewives and workers
were assessed. The risk for NO, was higher than for O; and showed a different risk by sub-population group.
Both NO, and O; showed a higher risk for housewives than for workers. This study can be used as a basis for
lifetime exposure and risk assessment for NO, and O;.
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Table 2. The time spent in each microenvironment by sub-population groups (hr)
Indoor
i Outd T rt
Population House School or Others oot ranspo Reference
group workplace
Mean SD Mean SD Mean SD Mean SD Mean S.D
Preschool child 16.14 257 591 267 063 115 053 1.13 1.04 1.10 NIER, 2016
Student 1283 236 782 236 180 170 080 062 137 074 Ryuetal, 2018
Housewife 19.15 331 ?- -? 242 242 125 05 129 127  Lee et al, 2014
Worker 11.67 1.88 806 512 128 120 095 108 149 109 Yang et al, 2012
The old 18.55 3.71 -? -? 209 156 244 173 136 1.00 NIER, 2017
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Table 3. The concentrations of air pollutants in each microenvironment according to sub-population groups using meta-

analysis
Indoor

Air pollutants ~ Population group House 3‘;};12;}2122 Others Outdoor Transport
Mean SD Mean SD Mean SD Mean SD Mean S.D
Preschool child 2639 11.16 26.66 13.00 24.82 1030 34.14 13.49 40.09 22.40
) o Student 2639 11.16 16.74 6229 2482 1030 34.14 1349 40.09 2240
Nmog(;nbd)‘ox‘de Housewife 2639 1116 - - 3963 3219 3414 1349 4009 2240
P Worker 2639 11.16 2493 1045 39.63 32.19 34.14 1349 40.09 2240
The old 26.39 11.16 - - 27.05 1222 34.14 1349 40.09 22.40
Preschool child 2498 1049 4.09 747 2033 12.09 3930 1044 889 6.89
Student 2498 1049 16.00 36.06 20.33 12.09 3930 1044 8.89 6.89
(();;;‘; Housewife 2498 1049 - - 1422 1049 3930 1044 889 6.9
Worker 2498 1049 1436 579 1422 1049 3930 1044 889 6.89
The old 2498 1049 - - 14.04 10.03 3930 1044 8.89 6.89

Table 4. Hazard quotients of nitrogen dioxide and ozone
Fixed Monte-Carlo simulation
Air pollutants Population group  point Mean Percentile

mean 5% 10%  25% 50% 75% 90% 95%
Preschool child 0915 0915 0470 0.544 0.685 0.869 1.094 1342 1.517
Student 0.828 0.828  0.381 0439 0553 0.713 0931 1.230 1.520
) Housewife 0.966 0966 0.454 0.537 0.692 0.903 1.169 1473 1.693
Ndig)‘(’igde: Worker 0905 0905 0440 0524 0675 0867 1093 1335 1.502
The old 0950 0950 0484 0559 0.702 0.894 1.135 1407  1.603
Housewife-lifetime  0.937 0937 0.610 0.666 0.769  0.903 1.065 1.245 1.375
Worker-lifetime 0903 0903 0.597 0.654 0.754 0.879 1.023 1.177  1.283
Preschool child 0.327 0327 0.150 0.178 0.231 0.304 0396 0.643  0.580
Student 0365 0365 0.168 0.194 0246 0.321 0423 0.503 0.680
Housewife 0.398 0398 0.199 0229 0287 0370 0477 0.559 0.694
Ozone Worker 0.331 0.331 0.166 0.195 0248 0316 0397 0.602 0.545
The old 0417 0417 0205 0239 0304 0.391 0.501 0484 0.718
Housewife-lifetime  0.395 0395 0263 0285 0.326 0.381 0.448 0461 0.575
Worker-lifetime 0.357 0357 0242 0263 0.301 0.348 0403 0.627 0.501

2] 19.9%°] FaAF7E 15 2HsIAom, A
AT A= 33.8%, H7AR0 Aol= 28.4%2] 3l
A7t 15 239 Z0= vegt. 0,0 B
AAFE mdFo] 04172 7P Bk, AYFH
7} 0398, 3H¥°] 0.365, 2711 0331, PIF ofF

o] 0.3272 YeRgoH, APFH Aell= 0.395, 4
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Fig. 1. The probability distribution of hazard quotient of nitrogen dioxide by sub-population group.
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Fig. 2. The probability distribution of hazard quotient of nitrogen dioxide for lifetime exposure.
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Fig. 3. The probability distribution of hazard quotient of ozone by sub-population group.
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