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ABSTRACT

This study investigated the age dependencies in ambient air pollution-associated asthma hospitalization from 2003 to
2005 in Seoul. For all ages and the age groups of 0-14, 15-64, and 65+years, the Generalized Additive Model (GAM)
was used to estimate the relative risks of daily asthma hospitalization associated with changes in particulate matter and
ozone. The time-trends, seasonal variances, day effects, temperature, humidity, and pressure at sea level were controlled
in the models. Significant associations were observed between asthma hospitalization and the levels of PM,, and O;.
The relative risks (RRs) of asthma hospitalization for every 10 unit increases in PM,, (ug/m®) and O;(ppb) were 1.008
(95% CI 1.005-1.012), and 1.012 (95% CI 1.003-1.020), respectively. Evaluated over 10 pg/m’ increase in PM,o, we
found the relative risks of asthma hospitalization to be 1.009 (95% CI 1.004-1.014) in 0-14 age group, and 1.015 (95%
CI 1.008-1.022) in 65+ age group. Considering 10 ppb increase in O, those were 1.014 (95% CI 1.003-1.024) in 0-
14 age group, and 1.025 (95% CI 1.009-1.041) in 65+ age group. It was concluded that current levels of ambient air
pollution in Seoul make a significant contribution to the variation in daily asthma hospitalization. Further reduction in
air pollution is necessary to protect the health of the community, especially that of the higher risky groups including
children and elderly population.
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o2 Q% AlEo| AAANSZ FA%] 78l
o, SeFPINE A&AH0Z Frtehs FAllolH Y
AA A7 FWHOPRIME 22 2] 44%(26-53%)
7t B8R wFo) 7% AeR FAECHY
F8 3 vFeME t71eHe] Al vAE Gl
3 A7se] &dsAl JAHUL. F¥ v BAE
3o = 3 APHEA 2 project(Air Pollution and Health:
a European Approach) €724 PM,, 10 pg/m® &
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HyoM Aoz % S 3 A¥e] 3.7% F
7¥eida Barskgch

U APAME Lee T PM,, 404 pg/m* 37+
Al Aok 1 el 7% FUFEA, 0, FE7H
21.7 ppb F7HA Aokd4] 49 Agel 12% Frlsle
Rog Byshe ¥ t7]2ge] A4 riXs 43
i3k A7l AYHJ oY REY ) AFELS
2ol Ao FHE Far YY)

Kim $&'7 $2)Ue}t 654 o)k d% o] A4a4
EL 127%% BIIGL ol vF B F=HT
oF 3|7} F& FH |, 7] 704 o1l fH
B9l 58%2 Ho} oF 27} w2 Fro|oh® Ivpiz
A Aeblst S X Foll Zojrt 7l 3
2k $2luel 654 o) AHTY] AAHHEL 4T3
Eo gFolth

wEtr] B APAE AEAE YR AAE ¥
Mg olgsld irjedel| A Yl mlAle FEgE
AAAY, 154 vl AHZ, 15-644 A=<, 654 ©]
A dEE 5 AETER Frlsia.

1L X2 5 gy

E A3E 20039 195E 20059 12871 AJ&A]
o] gi7|edzlE, YIdAE 2 U J YUREE
IR E, dutslisiRgo g AlAY BAE Al
7o o] M Y uAE= e ARt

1. ti7 | 24Xtz

712948 20033 19 19%E 20059 12€
3197HA] WAIEAPM )t 2F(0,)9 FxoH, F
Hdagasido g e AFasith AM-gA 257 T
% 27709 71 s &4V 9= Qo 7h
Z2RXHM A7hEE 2 t)edsEy A7k
Y Bt =27 &L, ol o83l thr]ed
T U EFS AESIATE PM 2 2487
T, 0:2 WZE Hulghe 4 dixgze s ARg-st
k.

2. 7|AKtE

NIRRT 7P CA 23 7L, dulsE, S
w71 AFE olgsih. Mge 7RlEs F2T
NABELAGE 3734, AE 126074 SH ")
713 AoisxsEe g A7 vt 2gEY, e Y
2 A AIZE e 29 71, s, siearish
o ¥ HFghe UE diEgeE ARSIk

3. MY uRtE

A4 QA EE FUAZEFFEY] AYRY HF
ARE o83, FRUFEN] AHAFAIT A<
AHRE e 2 &t AEIAYRE 7IEeR St
of 20033 1€ 1958E 20053 129 31Y7KKe] A
AR AR FoA, FHHE B FEHoE
ZAAYEFZFE(CD-107F J45(H2]) T8 J46(44
A&Atehels, Asyert d92d AZRE HLAE
2 BMuidoes siuc

A7RY FAgs & W gYdxs 1
2P o3e] A9 A 28T = A F, 8P
o] FUAZNRFFE KL FTse JHolAM €
HZ APt o]FoiAy] e FY AL FYE
Agtoz JYsielEis o ol 4x YAT A9l
£ 9E= Uyl oy 9 e aaid Sl
gt A7 Shte] Y dHAERIA] e oY
A BYAEQ duasgx e F9de] Ha
&k,

E dpode 94 Fddel digt A Y A+
ARES AUiAY 7Eos Vg3 & 7z 72
o] Uelt daiAdy duikdrg g8t Y4
£8de AsIdTh T 13 B Y 374
& 3] dFisz Ao en, 23] o dWAg
9d HTAY] ALele A3 UL HPAY dgF
BEYH dole Y9 A7 AL 717 A
ol7} 0 =& 1de|H B ¥tz Fo3Yc}

4. SARMYY

7led = A fdY FEAE HRP] sk
o] kg v]d F e EHESE VESE ¥
e BAlslaA, Rokd FARMo] AHGsiEE
Auwrsl 2715 8 (Generalized Additive Model; GAM)
S AMEEETY FEHESE AAOM BAE g
A2 49 duisseln, SHes trledss
9} 717 W Folth

& AqtelMe HEE FBUEQA LoessE ©]8-5)
o 712, FUiEE, AFAY 59 Vs, ANF
A 2 AREES BABLH, FF 53 U 4
(1 2t

LnE(Daily admission count) = B¢+f,(Pollutant) + D(Day

of week) + S(Temperature) + S,(Relative humidity) +
Si(Pressure at sea level) + Sy(Time) H

A71A, § = 2 ¥l thE Loess HEF
D = 8¢9 g 7PAS(Dummy variable)
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AR 43 BIAHYP= 7|Fo] He FAF
] Akaike's information criterion(AIC)7t 7} 2

& 7HE BYoE JAFINNL? A3 FUE
(default convergence criterionyS &-&3}Ht} >

w3 tir1ege] A oY e Y A I
u)d £ YA, GA AlZde] AHg Fofl YA
EH, lag effectyS Ve = Uk w2k H2] ¢
2 23t 19994 H2 6d olATRY 7| ool A
2 A PlAE NGRS EAEAT FAEe Ad
B3 IS8 AR 98 dA dd dBAel
A UG 22 AdES d=2 s AEY
AZ= SAS 8.1 versionS ©|&3}53, AEE GAM
ol A7l AL S-Plus 6.1 versions ARE-31Rt}.

. oi7gEa

1. 7|& SA 24

2003dFE 20054714 A& AFA F FY dY
ofFie Ade F 46,64774°10.09, 154] vt I
ollA] 25962730] DAt HA| 4 QJY dEA=
Ag9] 55.66%% A AT T§ 15-644 QB
654 ol oM 2 10,2337 (21.94%), 10,452
7(22.40%)9) A4 Y4 AHi=rt BAsA.

Table 12 W7|o@w, 714 2 o4 A4 o
9 oi=Ase] Ay, EEHA 2 BEE YeRd
Zojtl. AF7I7HE PMSl 4T FEE 6265
pgm*@loem, 0.0 dd¥ N7 Fd FEE 3224
ppbelSith. U Ha A4 U4 dln4hs Age A
Aol 437, 154 nIRt AHZL 244, 15644

L

¥

HTE 971, 654 ol dF L 107°]dch.

Fig. 12 9%¥ A4 Y9 dgie A49) PM, B
0, %9 d¥ EXE vepd Aol 2003+
20059714 A= A Y diFdes 742 14,741
A, 150017, 16815722 Z7lele AFE 2k
E3] 154 = dF & 2003 ©iH] 200539
19.53%7}, 654 ol JHTL 16.10%7 7 &Rt
S, A7 7Rt PMy, 5w AR AR 4
£ 2P, 0, &= 200539 thk F7kshs FAHE
BPed, ALHdEe ¥y JEFde 2 AEH W
B UERISI

AT 717121 20033FE 200537k PMol 9%
T FEFE 44 70 pgim’, 69 ug/m’, S8 ug/m’eZ
S2uzle] 71847159 AT 71F(70 ugmye Z
FeA| dkert vlSe] dFF7IEY S0 pgm’, F=
40 pgm’, EU 20 pg/m*S ZA3FH . T3 PM,]
dFGF HIFEEE 288 ugm’e 2, F AT/
1,006d ZollM 24N7F HF 718 150 pg/m*S Z3
g o] 23YU(2.10%), /Nt 7182 100 pgm*E =
3 A= 128U(11.68%)°1UTt. 4, O, M7 H
#9 HIFEEE 134ppbl 2, 1A H7F 71FQ
100 ppbs 233 o] 28 (0.27%)E ollort, et
9 XM Ha 71EA 80ppbE AT F2 20¥
(1.82%), Y& 7129 60ppbs ZHT o] 93¢
(8.49%)°1 AT}

712 EeEs} 7SS 74 A= Table 2
9} 2t} B dAPMe 71, dulss, sFErIY &
9] 7IAFES EIHFE Aojsle] BAiEE, T
71 =S} 7R Alol9] AATBAE AHEY

Table 1. Daily distribution of the concentrations of air pollutants, weather, and the number of asthma hospitalization between

2003 and 2005 in Seoul

. Percentiles
Variables - - Mean SD
Min 25% Median 75% Max
Air pollutant
PM,, (ug/m?), 24-hr average 10.34 38.73 55.84 78.83 288.22 62.65 33.79
O; (ppb), 1-hr maximum 2.04 19.37 29.06 41.44 134.70 3224 17.99
Weather
Temperature (°C) -14.00 413 14.15 21.68 3043 12.71 10.07
Relative humidity (%) 21.08 51.21 62.77 74.00 95.79 62.79 14.89
Pressure at sea level (hPa) 993.70 1010.09 1016.40 1022.59 1035.70 1016.22 8.02
Asthma Hospitalization (episode cases)
All age 9 29 41 53 110 43 18
0-14 years 2 14 22 31 82 24 13
15-64 years 1 6 9 12 32 9 4
65+ years 1 6 9 12 29 10 5
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Fig. 1. Daily cases of asthma hospitalization in the age groups, and daily distributions of PM,, (24-hr mean) and O; (1-hr max)
concentrations between 2003 and 2005 in Seoul.
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Table 2. Pearson Correlations coefficients between daily mean concentrations of the pollutants and meteorological variables

PM, Os Temperature Relative humidity Pressure at sea level
PM,, 1.000 0172 —0.034 —0.044 0.032
0O, 1.000 0.527" -0.103" -0.439"
Temperature 1.000 0.441" -0.742"
Relative humidity 1.000 -0.530"
Pressure at sea level 1.000

*p<0.05.

2. PM 2t 00| &4 ol o|Xl= A& 24
H71E8Ed = S wE M gLl A
3| = (Relative Risks, RR)E 71285 %=7F A4 44
o] vz A aAe} H-Este] A3t (Table 3).
AEEEZ A A 2ol L Al 4 i)
2EEHY AAEHE AHRY, AAfdHe H¢
PMc} 052 1948 (Lag 1)¢] th7129%5571 iAol
b3 =24 Yelpdoh =3 PMe 154 T)vk A3
A9 19-@ag 1), 15644 |9EFY H$ 294
(Lag 2) =7t 7P A 9L #3th 0,2 154]
vtk A 15-644] FHEEONA 2T 19 Lag 1)
o] Fxrt 7P #EAo] A Yeldt) 654 oAk 4
HELE PMt 0, BF B(Lag 0) =} 7P &
o] A veldtl AA a5 7 AR el
AFEF = GYF 19822, PM,, © O3 4 ¢
A7 FAAA FFo] veEhts Ao HrEIY
71edEde] = F7PE A4 449 $Edl v
© 998 Aung, da dHee 4% PMt O
Ty ke BAFSR fol HA g9 99

€ =1t AdEde 198 E PM, % 10 ug/
m® 7 A4 Y4 A8 0.8%(RR =1.008, 95%
Confidence Interval(CI) = 1.005-1.012) Z7IRN 1, O,
F=7t 10ppb SV H4 4 ol 1.2%RR =
1.012, 95% CI=1.003-1.020) Z7Fstdch.
d71eEEdS F= 7P Ha 49 9434 )X
T %S dHTHE Al AHRE 154 gk A
B 654 ol AT S, PME 0, B9
F7he BAIRLE foldAl M4 Y 98L ST
Aok 154 =9 A AFEF= 1d-eH 65
Al ol AT Adade FYUE, PM, 571 10
pg/m’ F7Vekl whah 154 ulwk AR 654 o
Aol Ha 4 A9 242 0.9%(RR = 1.009,
95% CI=1.004-1.0149)¢} 1.5%(RR = 1.015, 95% Cl=
1.008-1.022) F7F8llt}. 28]2 0, 8% 10 ppb &7}
Al 15A] \E AEEe] A oY A8 14%RR =
1.014, 95% CI=1.003-1.024), 654 ©]*} dgFor=
2.5%(RR = 1.025, 95% CI=1.009-1.041) =3}
15-644 AHTFANME PM BE S7H] BAHSE

Table 3. Relative risks and 95% confidence intervals of asthma hospitalization for a 10 unit increase in air pollutants

concentration by age groups

Age groups
Pollutants Lag days
0-14 years 15-64 years 65+ years All age

Lag O 1.004 (0.999-1.009) 1.004 (0.997-1.011)  1.015 (1.008-1.022)* 1.007 (1.003-1.010)"
Lag 1 1.009 (1.004-1.014)" 1.005 (0.999-1.012)  1.009 (1.002-1.016)" 1.008 (1.005-1.012)"

Lag 2 1.007 (1.003-1.012)"°  1.007 (1.000-1.013)* 1.001 (0.994-1.008)  1.006 (1.003-1.010)"

PM,, Lag 3 1.006 (1.001-1.010)°  1.006 (0.999-1.013)  1.005 (0.998-1.012)  1.006 (1.002-1.010)"
Lag 4 1.005 (1.001-1.010)"  1.000 (0.993-1.006)  1.003 (0.996-1.010)  1.004 (1.000-1.007)

Lag 5 0.999 (0.994-1.004) 0998 (0.991-1.004)  1.001 (0.994-1.008)  0.999 (0.995-1.003)

Lag 6 1.000 (0.996-1.005) 1.001 (0.995-1.008)  0.996 (0.989-1.003)  1.001 (0.997-1.004)

Lag O 1.005 (0.994-1.016)  0.994 (0.978-1.011)  1.025 (1.009-1.041)* 1.011 (1.003-1.019)
Lag 1 1.014 (1.003-1.024)* 1.012 (0.997-1.028)* 1.016 (1.001-1.031)" 1.012 (1.003-1.020)"*

Lag 2 1.012 (1.001-1.022)" 1.010 (0.995-1.025)  1.013 (0.997-1.028)  1.011 (1.002-1.019)"

0 Lag 3 1.010 (0.999-1.021)  1.009 (0.995-1.024)  1.012 (0.997-1.028)  1.011 (1.002-1.019)"
Lag 4 1.002 (0.991-1.013)  1.009 (0.994-1.024) 1.014 (0.998-1.029)  1.007 (0.998-1.015)

Lag 5 1.009 (0.998-1.020) 1.007 (0.993-1.022) 1.011 (0.996-1.027)  1.009 (1.000-1.017)

Lag 6 0.992 (0.980-1.004)  1.005 (0.990-1.020) 0.999 (0.982-1.016) 0.993 (0.984-1.002)

*p<0.05, # indicates the greatest RR among lag days within each age group.
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Ay T A8 oyicye gy dRE F8
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2 71zl ARElian. &, A4 9le] 28] ol ¢
A 74, B MY A H7A YIFEUH
dole 4 ATAY LAY 7k 717 27t 0
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200537k A4 99l AFAL 47,99570]%05, w2
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Art. Y diyie AFE FE5] dEiM e dYE
FYT Fole FAAAY Aleld] 7]7+e Agelslor &
t}. o] 717k BN 2T} AFHA] e 717ke2A
FUole] A2 T2 disE TR 7)F0) "
o} $ejuate] AZRY FTREE RIUSE st
7] 918} 78 AFolr| e she] dgasaa
selels Wole] 7R 7|29 ALt 9ttt ol
daihs ABE T3] H8 s YT Eds
ol ALIAY Abolg] 717k Aol Sle] vt
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T3 A A7oE shie] oludser] 23] o
Aol A7A Aol AT EUoA Aol YA
Y Atelel 717k Foo ofH FgE v|xER|d] gt
A7t dasic

] 4Y3 thr] e ATEE NAIE B8t 25
N =2ES T8 d7dHolAe? 7| dL He
JYugo) orgdke mAE dslont, 7| egEdd
dETEE 47F ASE BolX Ytk T3k APHEA
2 project AT M e th7|ed5E & A9 54
2} thr]egEde] F Aol e Y] =]
7b tanky Busih metd d71ed BT 5
t71eEEHY B4, 283 718 x&HE AL
Y] IFA= B uet gir|egez Qg A 4
g t2A el o

Kim 522 A7t A4 I3 154 o3t oA
o2 Yol 7)Y B Fvil we Ha 4 3
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: AolA th7] Qo] A4 Yol
U)X Q&g AAAH, 154 vk dHE, 15-644
AHZ, 654 ol FHE T VIZ AT AEs}
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2 949 Ago] tiEA velth g7l gel Zdol
e oz odeid 154 vyt ABE2 654 o
AH A e dERY Fx SV M 48
P& EAFOE fos F/MA o 15644
A%z A% 0,9 TSI A4 dd HET
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of #&Ao)] 7 A et di7legEdS H4 9l
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3 7] M e ABAdE dRETER
Azl AEE Az, 154 ggk AT 654 o)Ak
A A 71 EFE Ul wE 34 49 99
o] Aldor B B Ao yeiyrh
Syl ele] 7ichrgo] AREA S4hgo] Za
gholl wet 6541 ol IHEATE 20058 F AT F
9.1%01A 20106 11%E, 203080 % 24.3%% Z71e
Aoz A QIrh? 654 o}t mHATT} Z718t
of wel thr)edel FEe o Fo| e A B2
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