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Abstract

Practical devices for measuring personal exposure to nitrogen dioxide (NO-) have been made for epidemiological
studies of the health effects of air pollution. Standard metheds for NO: measurement such as the chemiluminescent
method and Saltzman method are not suitable for personal exposure because they are heavy, large and complicated
to operate. In this study, 4 passive monitor was tested for the measurements of indoor and outdoor NOs level.
Through a comparative analysis of data sets obtained by on-site chemiluminescence system, we assessed the
accuracy and precision of NO; passive monitors. We also examined the possibility of passive monitor in the study
of indoor, outdoor and personal NO; exposure. The accuracy and precision of NO: passive menitor were analyzed
assuming measurements of on—site chemiluminescence system is reference value and using duplicated measure-
ments, respectively. From these analysis. the NO: passive monitor was useful for measuring indoor, outdoor and
personal exposure. And NO; level from on-site chemiluminescence system could not properly represent the
personal NO; exposure as well as indoor and outdoor level of one’s house. Personal exposures were correlated
more strongly with indoor NO; concentrations than with outdoor NO; concentrations. Since activity pattern of each
person is different, it was considered that personal daily behavior and life-style might prevent the air pollutant

CXposure.
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HTAA s B7legel oFe 7ol (healih of-
fectyel] 3t 7 9 (epidemiology) d Fell A= Al
A% A vk FE7BelA 28 )
29 TAEA LA AEZA A A (telemetry sys-
tem}g 53] FHEH AEE o] &3dv)(Lee er al,
1999). AR, o y-20] AMHES- 80% o] Ak A
oA Agstr] Wil Fr)egdH dad NUdxE:
A7l M A dr) ey A 25
7} AdxEd Grlehsy 38E A9E
257} watvt(Spengler et al., 1994; Esmen, 1985).
53] AvellM TAE 2 8l 37129 B3 F
Ab3HA 4 (NOp ] el A9 5w B A %
=9} dfAde 2w )= 79t wekdevy er al,
1998). 2. (Os)= Avell A HgHe AHE3kE 7]7]
FolAl AT 4 Rovk Wides Fu Al
DS gl G3y Aslel dslstanie ¥
A7 o] A ET AR A BEk A
9] ol ATA & 7k 8l (Lioy er al., 1987).

NO:E= T&ddie] Rabzzy deloMe =3,
W4 g AR FAAA F2 R A=
Azl A, Al 24 (kerosene) W47], Fd 3 F
< d4 AFeA HAHH, A NO; v=% ¥
71317 gk (air exchange rate}?} AW 2] Hel o 3
wakga 22 FHEA dakg dherh(Sexton er
al  1983). AgAel| A AR NOxo| AA A=l 2
s NO-x= 2F7)9b 7|33 AFel 43S =
Aoz ¥ 7HcH(WHO, 1997).
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&+ &7 - Hrista gloh 7108 NO: F 2 (total
exposure)- vl ge] daba Fgolla 2 ahdellM %
AR 2h9ers) 4 A BWF AHE 71FA
nelof 243l &5 4 9loh(Yang er al., 2000).
27l LG54 AedeE: 244 257 A9
233l AR AlgtelAd FEFHE Ax, 2983 x
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A Eo| AUt A= BTt a $j Al A
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Azl F 7] 7 "4 o)} (Nielson ef al., 1997). £7]
B 2437 HlM JEs 27 HE A Al
FA7le dul el 37158 LE9ER v
g 277 ok 53E 4 A HEs §n
Ag)e 4A b el Wz Al
A $hr das Tl QelE oleT 454 An
A 7] (passive monitor) = A= FAe) HA3}
A zba 77334 ghom FTE AMEA] o] wEel
A& oz o35 e] 2} (Rose and Perkins, 1982).
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(precisionE H7}3l7] §)sked 20006 749 15¥¥
2397b2] M-g4 W7ol 24 AR els ¢
b 15, 83 £33 40 AL S ol 48 NO»
AE7] 2Rel 454 AR E 244 A%
Aet. =54 AlaAF7E= Adel 71FE o485
of Ak (diffusion)s F3} (infiltration)g} s B8] 3]
ol A} ubg-ol] o3k 5}EA nkg-g of4dle] A
dsh Alsle] NOy 35S S ek AA o|ch 45
AMaAH7)= son Gx4xlom) 7PHE AHE
A3t Sioh(15g). #5410 AlaAa7] Wl ale
Aeao =z AEje triethanolamine £ o] F4H o]
NO:E ZAgict A ikl o] 48 BAHGAS
(mass transfer coefficient)¥ 0.10 cm/secE- ]84
on, NO2] >z ¥42 photo-spectrometer (Shi-
madzu UV-1201)18 o g3te] AFEHE 3t
(Lee et al., 1993; Lee et al., 1992).

Hde) 3 409, % 7N 72 = o
29 7t 29 U B4 wUEAL) 257
Eefg 7|57k (reference) o 2 733t W wehgl
o T, =24 o} 100m Ao $1HEF ol
5 342old A2l o 800m ol Asie) A
7o) Ay 2 Ale), oF 500ms}t 1,000m HelA
FH A 2 Ao A ARAHAYE AA
sho} wlmabich. w3k 7t el A 7 @
g4 ALedg 2 AnES AT HE=E
r A571Y ERE VIFer A AR
FEZA 54 A2 20 5HE F
F574 gt 4 Yol pASHeE
of ANEAG AREE B Gaolx 454 A5
7l zre] mF@Eale} FEZR (duplicate measure-
men$] AL <) goke] EaescE.

Table 1. Accuracy (%) between on- site chemiluminescence monitors and passive monitor levels.

2ol s £ & A7 19999 44
2E] 69717 55 HMe|XAw|q) (Brisbane)d] $]|3}
= 2959 45 <t WY Ao oA
49 58 5 AaHHE AHsl HAT
Hole{E ol gdte] AUE H4& #dvh(fis
5,2000). A E<t A 2 adupe A 2 A
Sol) 452 AR 7S 22t 2214 AA| sl o
2724 st = o 97 19974 29 A
R el M F7] 50H-E& A ste] dLUASo] wf
d gpe] ZpAE wEste NO» 54 Alaas?]
& AZ AR, 2T Feob dedoz dd 54
g AdxE: Aug olgsignt (FHRAH AT,
1997).
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3.1 NO; £34 AR e &z %
Hax

sjibElAd 4 54 AlaAd7] 208 A o)E,
dr 1E, 23EY drled 2P Y0 F
g7k whz oo AR slgoh AAl" 24 A=)
#7| Alel= oF 10~20cm =2 ALE FA514
o} R EA LA EHY a2 142 HFA 2
F5A AlBAFA7] AN} AT AE HT
el & 1ol e} Age= 23 ZHYZ M
34 AlgdF e SARE R gl 2A4S
Azroz Yol Aalslddct. 3459 HY 249 &
AhE 24719 2oz ¥9 @ P& vehd
vk B35 e XS A BE 5FA A
2R} AP TS HHA B2t ¢
< & Ve 235 §Y e A

(Unit: ppb)

Yeehwa-Dong

Namgaza | -Dong Bulkwang—-Dong

weekday weekday weekend

weekday weekday weekend weekday weekday weekend

(2days) (2days) {(2days) (2days) (2days) (2days) (2days} (2days) (2days)
Chemiluinescence measure- 434 32 346 357 299 323 ND. ND. 315
ment on site monitor
. . 47.1 39.0 38.3 40.2 322 333 37 38.1 34.1
Passive monitor (£1.2) (2.1} (£07D (£08) (£0.7) (+06) (£0.3) (£05) (1.6
Accuracy of passive 85 48 107 126 77 2 NA.  NA. R3

monitor (%)

N.I3.: not detected
N.A_: not applicable
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i Ao HAgE of 79%2 54 AR
A8l 243kl Y 2ALE bl 4 s A
22 vePdo) (Berglund er al., 1992). 23 &3] 49
QA7) 2% 343 2B 24l A7} Hel3)
29 7158 $20 2 AS 79Y o, Y SA
29 2AZRG w2 e epd Aoz A 7tsl
o} (Treitman ef ai., 1990).

£35 998l 2P AAY w220 &
ARt 254 AlgA Az Sxgh Alele) Abdbw
Ag 79 1o dehladeh 5 54 Abols) Pear.
son A A= 0970|gd e EAFHoe f95)
Aok (p<0.001).

3.2 232 0|8 HUE 2N

3 veloaldn S05 A7) FRayE 3
AZke ol gotel 54 AmAAAY AAdYE
& 2Yaseh e Sadeid AR o34

]

Y=11X-13
{Pearsonr=90.

NO, level by passive monitor {ppb)

30 T T T
30 35 a3 45 50

NO, level by chemiluminescence monitor {ppb}

Fig. 1. Correlation between NO; measurements with pas-
sive monitors and on-site chemiluminescence
monitors.
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mE AEEE Avels 70%sF Aol 113

e et o] F A A Y *éﬂ‘—ﬂ !
TE W 2FEUAG ARALEE & 26 e}
Wit *ALHOM o] FEHEY 454 *lixﬂ-’rlﬂ?&
ABA S 098 (r=098)0|50.2w, A2le] Ay
T 96(r=096)9§°}("%’ 2,3). & 474 2
Fe Y AaAHNY & AUns bl
F ol ez oAFA £ oot A mgk Ay
oM 3 AUEE mylon, oA L Fa =3}
ol 48 ¥4 AaAHrE v =
Brof WE7] wlge] Ale] Fxle] Aulw
AH ez AR ek} Matthews er al. (1987)
9 ATl oehd dub Feo] P AY Hre
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Fig. 2. Relation between original NO2 measurements and
duplicate NO, measurements in outdoor (n =88).

Table 2. Relative standard deviations (RSD) and correlation coefficients between original and duplicate measurements

in indoor and outdoor.

Mean (£85TD)

Total mean both original Absolute difference between RSD Correlation
Original  Duplicate and duplicate original and duplicate (%) coefficient
{pphb) (ppb) (D (@ <(¥R)> (1}
Indoor level 11.72 11.63
. 83 . .
(n=50) (£715)  (+6.99) e 08 7 098
Qutdoor level 1585 1601
(n=88) (£882)  (£890) 159 1.80) 1.3 0.96
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Fig. 3. Relation between criginal NO; measurements and
duplicate NO; measurements in indoor (n =50).

Table 3. Comparison of NO; concentrations.

oAb 0] 74l wTE 2RL 9F 2%

| AlaAHze desst 629
& AR TFAE T ALGE st FA
o Arde FUH FU 4T Aoe x3
o vebdsdch 715w YA 254
Az 72 ZAHE NO; =42 F3d 47.1
ppb. 434 ppb, 22 383 ppb, 346 ppb2. VyElt e
U AMedxZe] Ae FFol 742k 28.5ppb, 30.2 ppb,
Zubef] Zhz} 22.8ppb, 28.1 ppbE Al SF2
e w2 g el et shekal Al FAin
M 2RIy FA oA dAARC s
A9 g AW Fx ¥k ohe MalxEE HAHS
vebd £ slsd=t P AW - #e) Y715
NO; ¥ %3t& ol vlsjA] Aoz goten
ol A FEe] =2 g i dE Y Aoz
Al ¥}

2 Qa9 sd5 AFAsR 24 35 e
Auele] = Abel (Z2) 5792 AZHEEE (time
activity)$} gh= A-&o] Z|Akel (F-5-41) 9858 A
HE g vwste] & defl vebfsich(Yang er
al., 2000). #| 9zl A"k AL JELE
o) AlZHE0% o] h & FE 3} APTAL T4 Aol A]
Bdlz] dlFel NO; £9-54e] Mdndd 423
7] Bt Awg7ie) d3to] glelvh(Lee ef al., 2000).
IRERLL] NO; FEFH] Mdx=dd Hud

—_—

(Unit: ppb)

Passive monitor  Office located at

(On-site chemi- 800 m from On-site Personal Person (1)'s house Personal  Person (2)’s house
umlinescence chemiluminesc- (1 tocated at 500 m from 2) located at 1,000 m from
monitor) ence monitor
Weekday 47.1 Indoor 22.7(x0.3) 285 Indoor 238{(x04) 0.2 Indoor 257 (£0.5)
(2days) (43.4) Qutdoor 300 (£ 1.3) ’ Outdoor 323{+1.5) - Outdoor 34.1 (+0.9)
Weekend 383 Indoor 102 (+0.1} 378 Indoor 22.7(£0.2) 2.1 Indoor 26.7(+0.9)
(2days) (34.0) Outdoor 328 (£0.7) ' Outdoor 31.9(=1.4) . Outdoor 342 (+0.7)
Table 4. Fraction of time in indoor, outdoor, and travel in Brisbane, Australia and Seoul, Korea.
Indoor Outdoor
Travel
Home Office Other Ncarhome Near office  Other
Total hours 7572 4034 65.6 153 27.8 150 105
Brishane, Australia Mean hours 13.3 7.1 1.2 03 05 03 19
(57 workers) % 54.5 29.1 4.7 1.1 20 10 76
Total % 88.3 4.1 7.6
Tatul hours 1,145 717.0 79.6 473 1222 58.5 154 .8
Seoul, Korea Mean hours 11.8 74 08 05 13 0.0 1.3
(98 workers) % 492 309 34 20 53 25 6.7
Total % 83.5 98 6.7
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—005 (042 Jehfglo}. Liard ez al. (199998} <
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el #53d (behavion)7} 712983 x&e o
#e 71A 4 olew viEe] FeY k& <
{prevention)& & 4= ¢J& Aoz valEgdd
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A gl Alee olalzbaAlA v FAT Adx
Zol o] 85 o4t Als £FA AlsH3re] A
gx 4 Aedzg FAsgE 2ela 2 Fale)
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4 7hsAdE d7sidvh 254 A8 A
- Ade g oAieledE S 753 Zlew AE
2% 4 =t
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#7124 233 Ale)9] Pearson 44~ 09792
W BA g oz fo)8t Alol= ¢lelvh(p<0.001).
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