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ABSTRACT

Objectives: The Korea Ministry of Environment regulates concentrations of hazardous air pollutants (HAPs)
through Atmosphere Environmental Standards to protect public health from HAPs. However, simply
determining the exceedance of HAP concentrations has several limitations and more comprehensive assessment
is required. In addition, integrated risk assessment is needed considering exposure in all microenvironments,
including outdoor as well as indoor environments. The purpose of this study was to assess the differences in risk
by sub-population groups according to time-activity patterns and reported concentrations, as well as the lifetime
risk for Koreans.

Methods: In this study, we calculated time-weighted average exposure concentrations for benzene and PM,,
among preschool-age children, students, housewifes, workers, and the elderly using residential time and
concentrations for indoor (house, school or workplace, other), outdoor, and transport by the meta-analysis
method. The risk assessments were conducted by excess cancer risk and disease death risk using 1,000,000
Monte-Carlo simulations for probabilistic analysis.

Results: Preschool-age children, students, housewifes, workers, and the elderly spent 91.9, 86.0, 79.8, 82.2, and
77.3% of their day in their house, workplace, or school, respectively. The more than 99% excess cancer risk for
benzene exceed 1.0E-06 in all sub-populations and lifetime. The acute disease death risk for PM,, for housewifes
and workers for lifetime were 3.35E-04 and 3.18E-04, and chronic disease death risks were 2.84E-03 and 2.70E-
03, respectively.

Conclusions: The risk of benzene and PM,, by sub-population group and for the lifetime of housewifes and
workers were assessed. Benzene showed risky results for this study. All disease death risks of PM,, were higher
than 1.0E-04 and showed different risks by sub-population. This study can be used as a basis for lifetime
exposure and risk assessment to benzene and PM,,.

Key words: Hazardous air pollutant, meta-analysis, Monte-Carlo analysis, exposure assessment, risk assess-
ment
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Table 1. Exposure scenario by population group

School or workplace

Other places

. Private .
Poggigm ouse Work- ¢ DaycareOutdoor T;il:- R:a?:tlu Bar Mall Cral G, Medical - educa- 3:2121:;
place center cafe facility center ‘tlo‘nal center
nstitute
Preschool
cschool RN y y

Student \ N v v \ \
Housewife S N \ \/ R \ \

Worker N v \ v V v V \

The old V v ol v v
EH 7R Ao 7 ZAFANA = ste] Y &9 8= (inhalation unit risk, IUR)
FE2| ot FEE ol8sle] V1% AkE Wt (weighted A Q)E ol&sien, ddede] ofd E9=4
arithmetic mean) =5 ALkt ol PM 2] 7A-$ollv Aot qAEZEE E&F3le] o

-ﬂﬂz/\P A3, & 7079 £3o] =EEeH, 9] APdE (unit death rateys ©]-8-3 911 H7F

gt A7t ofd R =ioly dens] 25,
=74 (environmental sampling)©] o} 7l
ol A& =% (personal sampling) 52 ZAd| 3+
& 28 200E ALl 4070e] S
SAth A AR dlAe 257l &3
A 3,7197) 2101430 pM 2 257112] ol A 3,658
7HT§: 32:35) }\\_]__%O]')\}\

7} g0l X o] AAATRS BAIA L] A2
]— ARE 7o 3 7129 ’\]Z}%L%
W7y E3E Farstlon,!h 0 o,
FAREE AYFE 2 AL 200999 A
Gfroh, S, =dFe 2014499 ARE wpge
7‘/\}1:401‘:} AT mE =5 e 72t 34

73 A A7 WE A7F 715 <t (time-weighted
average) =& A-&3ItHA (1))

% o

N, ooy 02 et
B> ox >
w3l

NI

Time-weighted average concentration

=] (M
2

i=1
where, t=time spent in microenvironment (hr), c=

concentration of air pollutant in microenvironment
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Wo) ExternE. 979 AP 9laiAl By} wpHL A
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Excess cancer risk
=Exposure concentration (ug/m’)
xInhalation unit risk (ug/m’)" )

Disease death risk

=Exposure concentration (ug/m’)
xUnit death rate (% death rate change/(ug/m?))
/Exposure duration (year) 3)

ojuf. W EFQ WA TURS EPA (United
States Environmental Protection Agency)oll*] A3
k= 7.8E-06 (ug/m’)'s HEHALH, P PM
ExternE 7-oll4 AXE @9 AbEES 283130t
olwl, §/33 T &9 AFFERE o] 54 &9
APES 0.046%/(ug/m’) S, WY 9] APEES
0.39%/(ug/m’)"S 283} t}. 0169
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1. OITEEN =& WIt
ARVEE e BARBES Bol 2AKE A7
ol me T80l el AALAZS Table 29 v}

i

o] 16.14£2.57 hr, &A4o] 12.83+2.36 hr, &7<lo]
11.67+1.88 hr2 UElstt), dw = 23e] 739 2
Fole oA 8.06+5.12hr, AL hwo A
7.8242.36 hr, H]F 3} o}z ool H HEA|AM
oA 5.91+2.67 hrS Hll RO = UEeptE A9
A Bl A7 md o] 2.44+1.73 hr, ALFEI)
1.25+0.50 hr, 21741 0.95+1.08 hr, T8 0.80+0.62 hr,
n)F st ols 0.53+1.13 hedth. ol 5FdollA 1l
A7k ARl s, Al APFH, wFH 5 o)
T o2 ZH7F 1.49+1.09, 1.37+0.74, 1.36+1.00,
1.29+1.27, 1.04+1.10 hr2 YERGTH 718 Aol
Bl A7 AAFRTE 2424242 hr, =E5F0]
2.09+1.56 hr, 3 1.80+1.70 hr, 2741 1.28+1.20 hr,
"8}k o} Fo] 0.63+1.15 hr=Z YERstT).

HEREM S B3l 7 ke S J8% 74 54
3 9] F=E Table 30 YERNSICE wiAle] A5 3
A e FEE 2.76£2.77 pg/m’E EREO™ | o]o)
7 2 BEAEL 5138297 pg/m’, Sl 579+
7.64 ug/m®, A 5.78£11.9 pg/m’= JERGT) Aeole
5.16£4.74 pg/m’, ol 5T 5.3843.68 ugm’E L}E}
st 716} Aule v #H 3} ofFs) S 8.27+7.82 ug/
m’, 7P FE9F 24218 7.04+7.14 pg/m’E LFERES.
o, = 3% 4.99+3.89 ug/m’E LERTEH

PM,;2] 3= FollA 53.14£17.85 ug/m?®, o]& 9]
7] 2 HSAAA 72.82+38.67 ug/m’, Sl 72.5+
39.06 ug/m’, A7 62.84+13.16 pg/m’ .2 LERES.
o, 29 76.20+22.67 pug/m’, 155t 94.32+41.88
ug/m’o® Uebth Z7[eHdv= wFH S okt St

EMIAT). 71 Bo] wE e A8 Folglon, AL 6025+33.78 pg/m®, AAFH 2 FAAUL
oA Huls A7 AGFE7E 19.1543.31 hiZ 55.09+£33.78 ug/m’, =3FL 543942420 pg/m’ &
7V =93, =dFe] 18.5543.71 hr, M ols 2 Uepgth
Table 2. The time spent in each microenvironment by sub-population groups
The time spent in each microenvironments (hr)
Population group House School or Outdoor Transport Other places Reference
workplace
Mean SD Mean SD Mean SD Mean SD Mean SD
Preschool child 16.14 257 591 267 053 113 1.04 110 0.63 1.15 NIER, 2016
Student 1283 236 782 236 080 062 137 074 180 170 Ryu et al, 2018
Housewife 19.15 331 - - 1.25 0.5 129 127 242 242  Leeetal, 2014
Worker 1167 188 806 512 095 1.08 149 109 128 120 Yanget al., 2012
The old 1855 3.71 - - 244 173 136 1.00 209 1.56 NIER, 2017
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Table 3. The concentrations of air pollutants in each microenvironment according to sub-population groups using meta-
analysis

Microenviroments

Air pollutants ~ Population group House School or Outdoor Transport Other places
workplace

Mean SD Mean SD Mean SD Mean SD Mean S.D
Preschool child 276 277 513 297 516 474 538 368 827 1.82

Student 276 277 579 7164 516 474 538 368 827 7.82
?ﬁrglf;?)e Housewife 276 277 - - 516 474 538 368 704 714
Worker 276 277 578 119 516 474 538 368 7.04 714

Senior 276 277 - - 516 474 538 368 499 389

Preschool child 53.14 17.85 72.82 38.67 7620 2267 9432 4188 6025 33.78

Student 53.14 17.85 7250 39.06 7620 2267 9432 4188 6025 33.78

(5 é\//ln'f}) Housewife 53.14 1785 - - 7620 2267 9432 41.88 55.09 2585
Worker 53.14 17.85 62.84 13.16 7620 22.67 9432 4188 5509 2585

Senior 53.14 1785 - - 7620 2267 9432 41.88 5439 2420

2. HZ sl "ot wrh J, A9, ole T et e HE Y
WA, PMeo] QIR 2 AT, 2l Aol she o, A ghare] WAl Bt 5.79 ug/m’, 71
el H37F AF=S Table 40 LFERAITE, wlAl<) Bl Aelr el FEr) 827 ugm’E, zF FAa870
745, o] Wit 23 EY 9siEE 348E-05= A 7 e TR 2] Wi ASE A7
7V =4 Jebskew, A7l 3.26E-05, HFH S g & gtk s thEog WAl thEk 9lsiAdol
ols©] 2.87E-05, APFH-oF =dF o] 2.71E-059} E2 A Ao ® Yelted, 8 Al
2.65E-05Z YElSTh HYFH Aol= 3.11E-052 Sal 7P B AR Hule 43R0 A4
yelyton], g4l Moo= 2.79E-052 UEbgth % o] F=7t 578 ug/m'=E E=A YERL7] Wil e
I ael fece] g BXE HYS ul, 2E <l 2 v dAde] gk s HrF Ax, wed
TR ool 99% o) el 23} wet 9l =rt z3} eixe] E EEAIA 99% ool 1.0E-
1.OE-06& =3¢t 3102 Yeptt. 065 273 2102 veht, 719 BE Abgro] wilAl
PM,& ¥4 2 9 Ha 2 Z7] A H§) of o A7 AdFFS 4E F e A= YE
T o] 3.59E-04 2 3.04E-032.% 7FF =7 el o]A& wiAle] [URS] 7.8E-06 (ug/m’) 'S 2,
vehtor, u# s ol5o] 3.39E-04 2 2.88E-032 iAol ogh 17 S AS 7Fsdel 58
2 YePdTtH(Table 4). @35S 3.28E-049} 2.78E- RS orsith & 7K 7] Wl AeE T
03, 217210] 3.27E-04, 2.77E-03C.2 Vyebgar, A T i 23 3 Hellse S, AR, T
AFH7} 3.06E-04 2 2.59E-030. 2 YElth A g obs, APFH9} wdF 07 =/ Yelitt
FHo] Aol zbzb 335E-049F 2.84E-030% L}E} oA =7 RV 2tErks &8-sto] vl
wrow Zztelo] Aol 3.18E-04, 2.70E-04% L} o] 23 WA E=E FAATFH =& EH
Elygtt. (centeral tendancy exposure)Z}, 3|4 FHUl=E%
A& (reasonable maximum exposure)> = AFES)
v.o & Az}, z¥zF 2.92E-05 (99.8%), 7.81E-05 (97.5%)F

NEAE 2oehe A0 UEpitte ey, Y

WAl BE gl b S ATATES S, FQ0130] HAZTA, JABA, ARBAE o
Aol WA} obF, AU, wdF £Oo® e JOoR 23} WINEIES ZAE AT 312606,
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