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Abstract

Numerous epidemiological studies have shown stronger associations between PM, 5 and both mortality and
morbidity than PM,,. The association of PM, 5 with respiratory mortality was examined in Seoul, during the period
of 1996~2002. Because PM, 5 data were available for only 10% of this time period, a prediction regression model
was developed to estimate PM, 5 concentration. Death count due to respiratory-related diseases (total respiratory
mortality; ICD-10, J00-J98) and death counts (cause-specific mortality) due to pneumonia (ICD-10, J12-J18),
COPD (ICD-10, J40-J44) and asthma (ICD-10, J45-J46) were considered in this study. Averaged daily mortality
was 5.6 for total respiratory mortality and 1.1 to 1.6 for cause-specific mortality.

Generalized additive Poisson models controlling for confounders were used to evaluate the acute effects of
particle exposures on total respiratory mortality and cause-specific mortality. An IQR increase in 5-day moving
average of PM, s (22.6 ug/m’) was associated with an 8.2% (95% CI: 4.5 to 12.1%) increase in total respiratory
mortality. The association of PM, 5 was stronger for the elderly (=65 years old, 10.1%, 95% CI: 5.8 to 14.5%) and
for males (8.9%, 95% CI: 2.1 to 11.3%). A 10-pug/m?® increase in 5-day moving average of PM, s was strongly
associated with total respiratory mortality in winter (9.5%, 95% CI: 6.6 to 12.4%), followed by spring (3.1%, 95%
CI: —1.2 to 7.5%), which was a different pattern with the finding in North American cities. However, our results
are generally consistent with those observed in recent epidemiological studies, and suggest that PM, 5 has a
stronger effect on respiratory mortality in Seoul.
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Table 1. Summary of daily respiratory mortality, air pollution and weather variables in Seoul, during the study period

(1996 ~ 2002).
Percentile
Variables Mean Min Max
25th Median 75th
Respiratory Mortality (No/day)
Total respiratory deaths 5.6 0.0 4.0 5.0 7.0 21.0
Pneumonia® 1.5 0.0 0.0 1.0 20 10.0
COPD*? 1.6 0.0 1.0 1.0 2.0 9.0
Asthma® 1.1 0.0 0.0 1.0 2.0 6.0
Male 31 0.0 2.0 3.0 4.0 14.0
Female 2.5 0.0 1.0 2.0 3.0 14.0
Elderly (=65) 44 0.0 3.0 4.0 6.0 17.0
<65 1.2 0.0 0.0 1.0 2.0 8.0
Air Pollution and Weather

PM, 5 (ug/m®) 439 7.8 25.2 36.1 54.9 214.6
PM, 5 (ug/m*)° 42.9 9.2 30.9 41.6 53.0 104.3
PM,, (ug/m?) 63.4 14.0 39.6 57.3 78.8 320.6
O; (ppb) 36.9 3.2 23.8 324 46.0 126.2
SO, (ppb) 8.6 1.5 53 7.6 10.6 36.1
NO, (ppb) 31.8 6.6 224 30.0 39.0 88.4
CO (ppm) 1.1 2.8 7.9 10.3 13.7 36.7
Temperature (°C) 12.5 —15.5 36 135 21.8 30.4
Relative humidity (%) 63.1 26.1 53.6 63.5 72.5 96.0

Mortality due to pneumonia, COPD and asthma, "Chronic obstructive pulmonary disease, “Daily PM, 5 estimated from the prediction model. The

number of all variables is 1977, except the PM, 5 measurements (n=183).
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Fig. 1. Distributions and a nonparametric smoothing line
of the estimates of daily PM, .
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Table 2. Mortality relative risks for an iQR increase in
PM, s concentration with adding other pollutants
(one- and two-pollutant models).

Model RR? 95% CI
Not Adjusted 1.082 1.045~1.121
Adjusted for PM,, 1.088 1.044~1.135
Adjusted for O, 1.072 1.034~1.110
Adjusted for SO, 1.074 1.032~1.118
Adjusted for NO, 1.082 1.041~1.125
Adjusted for CO 1.025 0.987~1.064

Relative risks for total respiratory mortality, Cl denotes confidence
Intervals.

3.2 dOi9"E « oz Fct
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AHAEES eple A4 A eE 49 9
6.6% (95% AFHT:1.0~125%)2 EAR= &
kA 7 £ ANNEES BoT)
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29 »xZ7P= xelE 10.1% (95% A1) F3F: 5.8
~14.5%)°] & 3EF71AS A5 ZHE 2
3= o= HriEe] AAFG(H Q= 8.2%)¢
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A1Z e} wlsdt Az}olt) (Goldberg ef al., 2001,

Table 3. Estimated percent change (with 95% Cl) in respiratory mortality with an 1QR (22.6 ug/m®) increase in PM,

concentration®.

Total Respiratory® Pneumonia® COPD* Asthma®
Exposure day
% 95% CI % 95% CI % 95% CI % 95% CI
0 5.0 23~17.7 9.8% 43~15.6 1.9 —2.9~6.8 3.6 -2.1~9.7
1 4.5 1.8~7.2 49 -0.2~103 35 -1.3~85 2.9 -2.7~8.9
2 24 -0.2~5.1 1.0 -39~6.2 34 ~-13~8.3 2.1 -3.7~8.1
3 4.5 1.9~72 3.6 -1.5~9.1 4.7 0.1~9.6 33 -24~94
4 3.8 1.2~64 34 —-1.7~8.8 3.0 -1.9~8.0 6.6* 1.0~12.5
5 20 —-0.6~4.6 1.2 -3.7~6.5 53 0.7~10.2 5.2 —0.6~11.5
3-day? 6.2 29~96 8.0 1.6~15.0 4.6 -1.3~10.8 44 -27~12.1
5-day® 8.2% 4.5~12.1 8.8 1.5~16.6 6.6% 0.0~13.7 7.5 —-0.6~16.3

Daily PM, 5 estimated from the prediction model, "Total Respiratory Mortality, “Mortality due to pneumonia, COPD and asthma, ¢3-day moving

average, °5-day moving average, *The highest increase with p<0.05, CI denotes confidence interval.
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Cooperation and Development) Z7}5¢] o3 Aql
(154 °]4) F498& EA (http://www.nosmokerguide.
orkng Bd, vzl @A FAE2 58.7%=2A
OECDZ7} 3 714 &2 Wb, oA 982 5.6%
24 OECD37} % /M4 9& vgg tehich =

ol T A A FRE (I :25.0%, o34
20.6%)3 WTANE 49 ¥ SFoldch
(Mokdad er al., 2004). 42 7134 F23 AW ey
QU FA M F22 557128 AP0l
= e JFAFAEo] ¢l (Zorrilla-Torras et al.,
2005; Mokdad er al., 2004; Dockery et al., 1993;
Koutrakis ef al., 1992). 3}A|qk, 2 & Fo|x] AlL-=
drtgl Rrtmyst e AlAG EAME Aol &
A& ¥ 2E7|AS A4 dHAdE Ao
2 FHE £ oo vEe], FA olelx A
o o AE AW S e 2E sPde] At
2 g Folvh A, G ARG B2 AL
S AdeA 2w, o] &HYZ] F PM,sell o
Fe iiﬂﬁl 2 Aotk A, FAL A0l
HJ3] PM,;s F=ol R13HeE oj| AEIAL 2ol
& HE_} ’\E W& el &4A)ul, o] M #
H e U4 v dddt

f
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3.3 AlHY MY E

Aoz & IQRFE HFEFHEI] H3le,
PM, s F91%55 (10 pg/m’)Z7tell wh 9138
(percent change)& AAH=2 Hrisle] 27 2 (b)e
vebist A2 AHagES ALHe 9.5% (95%
AHF7E:6.6~124%)2A 7 E Aoz Hrl=g]
o, 1 gg&oez 2o 3.1%(95% A7 —-1.2
~7.5%), JFA 2.6% (95% A FHF7: —1.3~
6.5%) W ZF&AEe 1.5% (95% AFF7F: —1.6~
4.7%) 2.2 el

AAFANN 22k d454 PMys FEARS]
Zoz s PM,, Fud] BE ALY 4UNYE
< 18k d3e I3 =Eo Ostro (1995 wl=-
California®l| A} 7}A) = (visibility) & 2742 3l o
£33 PM,s 3 =% 78 ¥, F 3571218 Al
Al gt A EAE HYrsledoh PM,ys 5%
o= e, A PM 9] ddk] A3t A7 g
By gleh & 2w 100709 A EoA
PM,, F2o] o}2 3 F7|A8 Ao Al ¢ig
B2 Hrigt 937} 9ok (Peng et al, 2005). o]5
T2IE FEE, PMys8t PM, 328 ALE 2
g 82 £ 3E71AS APgzSet Ask A3t
e BT ol £ ATl Hrtel AdARHRE
o3t Astelrt. o] Aroldt ARG M3l
AsA 2R 7HsF 7Hd o] AtE 4 it A, 9
=9 FoEANE B F2 PM BAE & 4
Ut B3], MEAlE oJFHel oF 3 Ft AupA
Ao ez FF47)E 2y b, AL o
A g LAl Jefe WpE Aeolvk dHY 44

g o83l A&A] A F PMzi =
FAA R oj3ke Fr Fo WIS FASF A

Eo] gioh(Kang et al., 2006; ©]3H4] =, 2005; KOSEF
2003). o] AFAZe] o3, ALH Ft AEA|
PM,; 3o 93& & Fo YL x4t
323}8} biomass burning, A%z} 2%, (NH,),SO,
% NHNO; & o]Feixl o]&}4)Al Fo]%ic. ubd, o
B4 7o 9L AsA e oA YA el
ARE Sl A AR Eel, 82 T HEAlE R
&3t R BB fFA 71 odFslel] sle
=, 6~79 Alelo] oF dbF Fob AupHiAlel] e
dhect o]y Z)AbehE ddke ALH (529 pg/m’,
18.3~ 136.4 pg/m>ol] wjsl 84 Je 24 PM,;,

FEA7IR IR A 224 A5 =

BT (27.6 ug/m’, 10.9~82.6 pg/m> S =359
o ALE ggos 2 ARAL H EAdx
ASAH shrbAz 24T edd B ohieh B
A o]F 29EA 99 (“Chinese Aerosol” & =
24718 ¥} biomass burning)el] ¢3 8k o] ®t
& Aew AR Hebd AL 3o o
g A JFgE B PMys: o2 AR
Hs 2 AAHNPES 2 Aoz YA F
A, AN AR F FR2AS ARIERT A
Aol o §& A AellA B g ot v
F AAEL F 0%E AWM Buie, AW PM,;
=9 o 60~75%% AYNA FYHE 22
F71 )T} (Abt er al., 2000; Schwartz et al., 1996;
Koutrakis er al., 1992). 8125k, $-2uvete] A4+ o
28t A7 A5aE AdAel7] wj el /‘1?’\]“1 of A
W - gelA Rl Al FAE £ stk FF
gk =AY BB "4’]"—.‘-4 EARI SR
o B Az AgeA Rice 2} 9w
(Ostro et al., 1999).

AN PM,; 555b 557108 Abbaid)
A= 4 AEE o2 mAAA iy Aste)
vl wEg ek A olA PM,s 10 pg/m’e] sxZ7)
3 5548 A% 3.6%e) 2331E =
dehs lew HrHd 53 AL PM,,
10 ug/m’e] FEFNE £ F/AR AL
95%2) 235718 2T & A7AIE 0l
Los Angeles (2.2%, 95% CI:0.3~3.9%)%} vt}
Montreal (5.1%, 95% CI:3.3~7.0%)14 7= =
%+ CoH (coefficient of haze) 2.2 EE| &% PM,;
10pg/m’e] =27l o & 537)4A% A
2 AAAYES FASNAY B A
(Goldberg et al., 2001; Ostro 1995).
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A, & 7oA AHEE PM,; 53 2d 2 Hgo
2 A=" A2 WEcsA B Ropd X &
44 $ e HEelwt Asdy debiM AREE o
v m3o e sfAs] 8 A4 d7-E Ak
AFATE 2ofshd, BAM o2 FojsldA A3t
ARAQE dAZ PMys 59 ol EHdeEedM E
st 29l IQR 22.6 pym’) T 237 & 35714
3 AP 8.2% (95% A F7F: 45~ 12.1%)2
7Fe 2tk Aes Hrisglen, x93 (10.1%)
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Gt gt AdEEE PM,ys 559 [0 ugm® B
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< AN ES vehlo o) § A3 2 A
A=A Bug A3t FAse Az F93y
] 74 ARAEE vepd Aog, AEA PM,;s 7| E
l A 5 Ak A7 FAEQ AAe] AlFT A
o= FrHEA =3 dtdFeN 7 & ‘&14101
753 PM,s ¥ =42 S AT shel whES A
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Algjuph ez FstexEA e A Qe dhel 9
=918 (No. M01-2004-000-10038-0).
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