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Exposure Assessment and Estimation of Nitrogen
Dioxide on Office Worker Using Passive Monitor
- Comparative Study of Seoul in Korea and Brisbane in Australia -
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Indoor and outdoor nitrogen dioxide (NO;) concentrations were measured and compared with
measurements of personal exposures of 95 persons in Seoul, Korea and 57 persons in Brisbane, Australia,
respectively. Time activity diary was used to determine the impact on NO, exposure assessment and
microenvironmental model to estimate the personal NO, exposure. Most people both Seoul and Brisbane
spent their times more than 90% of indoor and more than 50% in home, respectively. Personal NO,
exposures were significantly associated with indoor NO, levels with Pearson coefficient of 0.70 (p<0.01)
and outdoor NO; levels with Pearson coefficient of 0.66 (p<0.01) in Seoul and of 0.51 (p<0.01) and of
0.33 (p<0.05) in Brisbane, respectively. Using microenvironmental model by time weighted average
model, personal NO, exposures were estimated with NO, measurements in indoor home, indoor office
and outdoor home. Estimated NO; measurements were significantly correlated with measured personal
exposures (r = 0.69, p<0.001) in Seoul and in Brisbane (r = 0.66, p<0.001), respectively. Difference between
measured and estimated NO; exposures by multiple regression analysis was explained that NO; levels in
near workplace and other outdoors in Seoul (p = 0.023), and in transportation in Brisbane (p = 0.019) affected
the personal NO; exposures.

Key words : Passive monitor, Exposure, Nitrogen dioxide, Monte-Carlo simulation
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YAz Re-0F L

293 ARA4GE Hrlete de g2 28349 (Monte-Carlo simulation)& 7}538 438 &2
29150] EA57 o] FAAHL W3y B2 ¥T A olF BIE o]FE AREO =
ojgd 2ol Utk ol AR wE ARgee  BdoM AHo EHRIZ AA=ES 42T
gL wale AL oEgo] AN Wredm  Fx Aok
wokatEe] FA 9 yoprRlEe] 23 Alge] Uig £ A7 51 33 HEA Yii Y
AY ARI(smog)d FAMAT olF AAARoR  FF HE2wdAe AH YL gaoz Fre
girledez A}l e g2 A7 Iy A4 JdHE wEFHNA FAF 2909 A7
AqrkE Y ¥ g% w2 WS skl BAlel Hoixt

o) Ao AlFES fFEe AFe AW EL tde: NO; M=, #Fa g5
(9, A, AFRgd, Aado) 2Asa 2 AW P Ao NO, 52 FAste] 7elxE
4 S)olA 4&Er) d&Eo) AT/ A(ndoor air QIS FE FH QAL BAsgu. a8m, Az
quality)2 7§19l F7]edEdd w&HE 83 o FF5y ZHY NO;, 555 ARWHE 475
Qatolu}, whebd Br1e T A gele] HEAL o H&ao] AL NO, =EL o Eapgey
gelatzd F2 299 shsAel gt 53, o
q F71ed BHELS Horg AWM Hrl 8 2, oAFuiA W uky
Bol ol 2 A% 9812 & shsAol o’ 21 AFoa

=F2 QHEAF QT Ato]d] HEFoE AHH Aeol A dr|zhe 19999 102 219(29)
o, =&H47be Brhdld @l o Ailelvt ¥ Ry 29 %o ojgon, ZAUALS A& YFH
o] A T =EYE, VE 2 7IE 5 BT AY BHolAl AMEE E(time-activity diary) 9}
Hrtste #Aeltt” wEHstE AsiAEA B NO, %A AEAH7E Y HEe MEdn
T3 dAzdez, adH Al w2E A $Hez AT ByzuldeAE 1999 6
Me A8 =298/ 780 $7129Ed 9 169(FLY)RE 29 B AAEgT 2AL
SEREE AHA £ dyAHer Z2AE £ % AL Bzl AHd 2FsE AY 5790
o FHAHQ o w sgle F7) ZHAN F pe woz ANBEEY NO; 554 AzA3F
Aske W AT biomarkers)E °1848 715 A dysy wMERD FH7E JAH A
Rem, AL gyone AW % 29 F7E | ANEEFRE 23 6A(0600FEH oF 12
& Z35 ] o] gu}? AQ4007HA = 308 @9z EA(V)EHEL, 2% 12

T71edEAe TR &AM SENRY Wy ARE oA 67A= 1A 992 BA(V)EFE T
E2 U7 Azt FFo] e gon s ARFEZAE AuE TE A wE= uls)
9 & w52 53 nd 22 2bHA WEE o] A o AUTL oulsidon Ao AT
g3te] o229 $x k™ old HH P2 W 72 guggnh. AdE A, ARRA Aye o
Wx g3 3% e wE A AEE 87T 2 2 3RREoF Yo IFAFEER stgon,
th olg} Zo], 74 EE Hue] Az FE Ao:= ATA, AR 2, A9 thE FA4 3
AR FdE FVILEEHe HEHI AA Bozg YNtk EF & - HIA| o] REE BlA,
=49 £ oo YalE dod F gl W o £8x9) AFHL 0]2F wEe xEEE
Bo AAH wZo Fad ARG EANFES Mustach w3 A7 08 =

A2 oA E ARt AYES ooz 5F = 1A)7to]r] wWlFo Fodzprt 308 wE NN 3
Z AztdE g% deel #d A7V FHEN 0 o T Aad YATE F AL TR HAGFEE
2 sjelel Az BE e 2 W= A, gk £AS ANVEFES 72 ArEE FAS
ZHu), 23l Fa A, A AY A wel W 38 A Fodx A Z AAE B2 A7
& Zoln WHAE} A AAY AYE T 94 & AE3Y
FS = Aot} stAgh NS Ee FHee Aztdd 22. AtE AaEd
g% el FrIegEHo| Ti-Z(high exposure) T71odBAe FH NO, MA=ZFL 72+ 79l
EE AxeZ(ow exposure) H 4 7] WEol T o] ArE Aujg od Ao e I FHiolA
g3tk wEbA, A Ee Jdo Ak %3 ojREz Azke Fslel A (DI zo] vEry F 9
712983 vrrl 238 o, &9 ¥z BY ¢
2 Azg + Ad? =za 2HHz 24l
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554 ARAA7E

E=%Cx- Tk (1)
(K= 1, .., N : microenvironment types)
o714}, E< Total exposure, Ck: concentration

for each microenvironment type

and Tx' time allocation for each

microenvironment type.
(& D& o] &dt FolAe F72BEHY
H NO; =232 /g Fd AW 2 He9 NO;
FE, ARRA A9 NO; 5% 2 ZF Aol o
T2 A7ke #3te] (4 202 Jeid £ i (4
D ANZWE HFEA(TWA . Time Weighted
Average)Z A 2|3 urt.

al

H

A~

tﬂ-_'_

=

P;=(IH, - I,+ OH,- O,+ WI,- W)/(IH;+ OH+ WI) (2)

714,
Pi : estimated time-weighted average personal
pollutant exposure for participant i,
IH;: hours spent inside the home for
participant i during sampling period,
OH; : hours spent outside the home for
participant i1 during sampling period,
W1 © hours spent inside the workplace for
participant i during sampling period.
i : measured average indoor pollutant
concentration for participant i,
O, : measured average outdoor pollutant
concentration for participant I,
Wi  measured average workplace pollutant
concentration for participant i.
. A
31 Alztg s B4
NEE H NO: =&%7F d7o Faxe A
2ol A el H). Hoizte] BHE AHE 421F
T6M AL, FAT g2 Zhzh 729 23 el
B2l 2 °ll Me 5740 Foston, #Hojzte
B AEe 9019 T, G gL 72 50
g 7ol ME FgA %BEHI HagHd

Foja 5789 AzteE WS Table 10 e
AT Med Hezule Felzgd A7
¢ T8 AU(M2 49.7%, B2l 545%)0
A 7S e AT BYY AFAdM ddte
AlRbE: AEolA i 74hrE SHF EF YH 9
30.9%, BelzulelA Hd 69hrZ 291%& e
WAt g AA FAREL oA 357 24

o) AT A%
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? At &

2l 9] o] &G/t 2 4=

AIZE F B 83.8%, Aol HiE 98%E e
, BEadde s Aol 833%, A9]eA
41%E YepdY. & - HT 9 AFelA wd
AlZEE B2l AAIEe] Bl AJZH1.7hr)o]
Mg AFAlEo] Bl AZH15hr)Ec) oA sk
o} oj RS Ago] BeaMid B TF AT F
Y92 Aeols Azte]l AW Aoz Aot
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Table 1. Fraction of time spent by subjects in indoor,
outdoor and transportation

Indoor Qutdoor

Trans-

Near  Near Other | poration

home  Office

05 12
(£08) (*18)

11 20
98

05
(£06)

Home Office  Other

15
(+13)
76
64

17
(+09)

64

19
(*29)

45

74
(*35)

21
&8

69 12
(1300 (*15)

09 31
83

08
(*14)

47

08
(*14)

10

Mean
hours

%
Total %

Seou,
Korea
19 subjects)

131
(149

97

03
(+03)

03
(£05)

Mean
hours

%
Total %

Brishane,
Australia
(57 subjects}
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FAZ- R EVEFL
AAZF Ae FEo AW NO; HdsEE 136
. ppbflom, FAAEFRZ A7HAAE AEstes F
. g 92 91 ppbRth v DAL YE Felel Ay
£ o -+ Ovtdoor BT NO; F5& 149 ppb2 AW FA} s
£ R 2% FARCR 4% Aol2 nAY (o= 0025).
aga, Zkaddls AW NO, 5% F7bo] o
"l o o abnn) & FE Ao JEuL FAANZTE st2wUA
LSS fﬁ\-sﬂw’.»wsws‘.w‘f&»\.@ o] o]&o] W& HWF AU/AY NO: BHuE 7}
Time 2YGRIAE AMEStE FYEo] 103, 7tAdUAAE
. . . - AHEEA] e FEEC 06791t M 9539
Fig. 1. Fractlxon of indoor, ogtdoor and transportation Aoyt Fo A 93w el o] shawolXE o] 43}
by time of the day in Seoul, Korea. W5, 277 Sore 7S dola A b2 by
£ AHgate FES 7] dEol shaAbgel ¢
2 # AU NO, 932 BN 4 fdv A 9
- Aol we Azhe Hesdols gy FAHoR

“ o fdoor T zpolE UehfA okt

» —»— Outdoor

Fraction

—s Transportation

Al

@0 & e &, @“ SFP LSS SIS m’»’“ @“ \'v@w?

Time

Fig. 2. Fraction of indoor, outdoor and transportation

by the time the day in Brisbane, Australia.

;4.;:94 25 AR NO, Adl FE7 BAR 7
ol Ay R AL NO; sEHT & AL A}
2a30] £A T4 2H0] 2] 929 Ao B
gEth QNgez Ay NO, BHYe ANETR
olgxy 7tadUA, ALH %‘%}71?, %4 5o
th 2 dfolM FHEHL HEXE o)j&dd =
Ashart.
Table 2. Air borme NO; concentrations by type of
sample places
Home Office
City Personal
Indoor Outdoor 10 Indoor (oob)
(ppb) (ppb) (ppb)
404=167 499%175 38069404140
Sod | s gg) = OB s1g) | - )
. 105156 14558 182£50 | 15052
Brisbane | 50y (mesn B0 gy | =51
BEjaude Fojzat FE A4 HAETE

7t2d QA e] oj &, AW FAA, shd7l(gas
water heater) 4 - o] W& AW NO; ¥5& H
WG th(Table 3). 7F2#AA o] Abgo] AW NO;

FEo) 7HF 2 oEe FUd (= 0.004). 7t
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Table 3. Indoor NO. concentrations associated with
house characteristics in Brisbane, Australia

Indoor NO» concentration

Characteristics (ppb) p-value
Yes 13.6%6.2 (18 houses)
Gas range 0.004
No 9.1%47 (39 houses)
Yes 149+77 (7 houses)
Smoker 0.025
No 9.9£50 (50 houses)
Gas water Yes  132%51 (12 houses)
0.059
heater  No 98+55 (45 houses)
33, olitg A A: MIxET ofy 249 T4
24
NO; /M x&3 ozt 718l Fdo AW 2 A
2l NO; 5&9] A4S BAslat A€ 2 2y
zulele) Aoz o797 5799 F9 Qs 49
NO; sx¢ A#A#AAE Fig. 33 Fig. 4o Yely
pei=g *1€9Jr Bve|xeQle] el Huiel de] NO.
FEAtole]l Pearson F#AF() @& AZ 069

vjs=3k & HYh o
55 EAl A wjszEhA A
NO; 5Exd d8g 5+ Aoz AAF 5 ok
NO; 7H =22 Fojxirt Haxoz Fe A
A Huls Alzte]l #7] Wi FE AWl NO; &
Tt A#Ado]l Aol NO; 5% Ruh &2 o=
gaEc B4 Az Mg Zoz AL FHe
A NO; =52 29 NO; %= 0.66, p<0.0D)
2o} AW NO: FE(r= 070, p<0.0D)t 340l
A =9th(Fig. 59 Fig. 7). B2z &
azl 5742 7Y NO; Fdo] A9 NO;

(p<O.ODH 066(p<0.01)E
AL 49 NO; $E7H %

1.2 0
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F54 ARAAIIE 88 AT AR o¥HAL =EW % 43
140 »
y=087x+1592 R y=063x+1.39
120 o Pearsonr=069 (p001) » Speamranr= 066 (p<0.01)
25
» o

Indoor NO: concentration {ppb

indoor NO; concentration (ppb

Fig. 3. Relationship between indoor and outdoor NO,

measurements in Seoul, Korea(n= 95).

Fig. 4. Relationship between indoor and outdoor NO:
measurements in Brisbane, Australia(n= 57).

100 *
2, y=055x+1272 —_
a Pearsonr =066 (p<0.01) ] N y=029x+108
g ® ° & Pearsonr =033 (p<0.05)
"é 70 % 5 °
5 .
£ &0 S 2 ° ° % 5 -
Q 00
2 w0 % g a0 0
S w0 &1 ¢ 02t tesTT,
= o 0 o 0%
g 0 = 0] °F ° g, B °
T H o R
& g s . o o
10
£ a
o 0 - 0 T T T T
[} 20 40 60 80 100 0 5 10 15 i) 25 0 35 40
QOutdoor NO, concentration (ppb) Qutdoor NO, conceniration (ppb)
Fig. 5. Relationship between personal and outdoor Fig. 6. Relationship between personal and outdoor NO:
NO: measurements in Seoul, Korea(n= 95). measurements in Brisbane, Australia(n= 57).
100
© y=067x+1357 o y=048x+100
Pearsonr=070 001 | o Pearons=051 (p<001)

Personal NO: concentration (ppb

indoor NO, concentration (ppb)

Personal NO: exposure (ppb)

25
Indoor NO, concentration (ppb)

Fig. 7. Relationship between personal and indoor NO:
measurements in Seoul, Korea(n= 95).

FE(r= 033, p<O.B)ETE AWy NO; F%=(r= 051,
p<o.0D¢t d#gdol wkrHFig. 63 Fig. 8).

34. o)t d A AdxE
Mgl AR7EE BEEd 4 F ol &3ty
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Fig. 8. Relationship between personal and indoor NO:
measurements in Brisbane, Australia(n= 57).
Eol AIZFE Bl RE AU 2
NO; =7} A d AL ofYAA, 2] (2)lA
dZd NO; MA=ZET AZFEH NO: MAxE7He
Pearson A#AF &)< 069908 SAHoz &
AEA ABAdel AYTHP<0.001). =7 BAujwd 2
o otd o&E @gH 5" 4S FARNe=R
$o)st ApolE B P tHpaired t-test, p<0.001)(Fig
9). BEjzwldArsE d5d FF NO: =2
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G A4z
11.2%+40 ppbolRiL, A ?:]_ O 152153 ppb
Ho} o] oAM= *1'%4 ro] o3& % UMY HAEH
o] EAHoZ {98 dBHE B YrHPearson r=
066, p<0.001)(Fig 10). 183 H2udoME

Aqe3 oAZIAE F NO; 55 #2 §43U 2
o]Z2 Yeh 2 tHpaired t-test, p<0.001). ¥ =219
NZW7hE HEEEE o] &3 dF#HE NO; 54

ANEAH7E olfste] AFF FARETY ¥ @&

< Yeho] FAHHA &2 v A#7 (microenvi-
ronment)°] NO; AAxFd &S FUE Aoz
Riaadl=
100
0 90 y=082x+7.49
80 Pearsonr =069 (p<0.001)
)
E»- 60
8g %
2~ @«
k 30
20
: 10
0 —
[\ 20 40 60 80 100
Measured personal exposure (ppb)

Fig. 9. Association between measured personal NO;
exposure and estimated NO: exposure by time
weighted average model in Seoul, Korea.

]

y=0.50x+560
Pearsonr = 0.66 {(p<0.001)

8

8

-
(=]

Estimated personal exposure {ppb)

4%

P—P=by Futbsoron* Fsorontbr: Fr (3)

o] 7] A,

P . measured personal NO; exposure
(ppb), participant i,

Fio . fraction of hours spent inside other
than home and workplace,

Fioroy - fraction of hours spent outside other
than near home,

F . fraction of hours spent on trans-
portation.

Mg Adzte] I AEA AFdAME AMFA
29} 7]l oA Fo g AAF gho]
FAXCE F93HtH(p=0.023)(Table 4). A&l
A NO; 27t FAHHA G2 "A8E FoA
NO; Aol dFE F= AL AFAE 239
Moot 71E} ThE A9 AYeA FFS He Ao
Z #g¥E F Ao BauRldA {93 3AA
T e YE e NO: =7t ZAHA &2
nAEE FAA NO; Mz 4FE F5 A
2 - HIZ 5oi AFolFol o AolYtHp=

0.019)(Table 5).

Table 4. Multi-regression analysis by fraction of time
in three microenvironments in Seoul, Korea

Regression valu
coefficient+SE P e
Indoor _other than home 019402 0249
and office
Outside of office .
and other outdoors 0.34%01 0.023
Transportation 9.99E-02%02 0.569

0 : . . : : :
0 5 10 5 20 25 3B 3B 40 Table 5. Multi-regression analysis by fraction of time
Measured personal exposure (ppb) in three microenvironments in Brisbane, Australia
Fig. 10. Association between measured personal NO: Rfefgr'esstigrlsE p-value
exposure and estimated NO; exposure by coetticient —
time weighted average model in Brisbane, Indoor other than home -144+104 0.176
Australia. and office
Outside of off(llce %60+249 0151
£ ATolA AZE BERAS of§ate] o5 nd ofher outdoors
A NOy /M =Z2@)H =52 AlgAFH 7| o3 Transportation 320%132 0.019
AZE NO; MA=EP)9) HolE ADTFHAA
545 9o o ARgel g8 498 & 4. A7az
o, E}TEMBMMA IAAAFDE o83t Az SFolA A To B AL A
EHAARE 3). WERes AHE, Ags ueswd Aoz
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go] & o]&3te] Monte-Carlo 10,0003] =9
(simulation)3+9 thFig 112 A€ 2 Bazwl zZ}
Zto] FeoA ZHE AU Z Ao NO; BEE
ZAMR o2 tFAFEFE(log-normal distribution)E
BEohp<0.05). webr, B dFdA X" FH
A 2 A9 o¥n ARA NO; 328 AFATT
BEX 2 ANEE fEs AFEER 7St A
3 BEawl odF Ad 53] AMF4A Z2z219
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Fig. 11. Monte-Carlo simulation of NO; personal exposures
by the time weighted average model.
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FAdz-&RE-AFL
A NO; FxES 1esE 499 N, =52 Pearson Al4- ()< 069800 EAHoR
Jp7)g 2 QI FRle ARg AFY A FostA d#4dE BHthp< 0.001). 223,
A A 2 oA e vldsol & Aor A B adQle A 112+40 ppbion AZH
B Nolx=E& Hd 153=53 ppbol L, A3
o2 #23 FE BHoHr= 066, p<0.001).
5. 4 & 5 Az7HE BARDAN NO; 558 =337
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