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Short-term Effects of Air Pollution on Hospital Visits for
Respiratory Diseases in Seoul

Jong-Han Leem*, Jong-Tae Lee**,
Dong-Gi Kim***, Dong-Chun Shin**,Jae-Hoon Roh*

Institute for Occupational Health, College of Medicine, Yonsei University *
Department of Preventive Medicine**, Department of Biostatistics™*

Several studies have reported the associations between airborne particles and/or ozone
and respiratory diseases, This study examined whether such an association could be seen
in Secoul, one of the greatest city in Korea. We compiled daily records of hospital visits in
Seoul from November 1, 1995 to October 31, 1996. The daily averages of ozone and parti-
cle matter whose diameter is 10 m or less(PM,,) from all monitoring stations were com-
puted. Daily respiratory hospital visits were regressed on temperature, humidity, day of
weak indicators, seasonal variation indicators, and air pollution. Each pollutant was first
examined individually and then two pollutant models were fitted.

Results : Both PM,; and Ozone were associated with inereased risk of respiratory hospi-
tal visits. The relative risk of respiratory hospital visits for 50 wg/m’ increase in
PMjs(lagged 2 days) was 1.11(95% confidence interval: 1.05-1.18). The PM,, associations
was insensitive to alternative methods of control for weather, including exclusion of
extreme temperature days and control for temperature on another day. The ozone results
were more sensitive to the approach for weather control. The relative risk of respiratory
hospital visits for 0.01 ppm increase in O; was 1.08(95 % confidence interval 1.00-1.17).
The magnitude of the PM,, effect in Seoul. where 80, was essential present, was similar
to that reported in the Europe and United states.

In conclusion, The consistency of investigations of the health effects of air pollution
suggest that attention should be paid to the control of air pollution.

Key Words : Air pollution in seoul, Respiratory disease
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driegs dAad dRE 24 M3 Alk=z
19523 #Yel M= 3533 4000 o] Zwpa)dals]
th drlede s v g4 Al ARl 19489 =
Anl]old -z} 1953W w&4], 1962¢d A
Adz ~A] AHE S 4 vt o3 drledsy o
8 At S AU o|lF dirjede] A7 nliAE
Qe B/ =To] AZEogen frlege] 9
Aol mlA= o] BI oz dFvF A=A
(CEOHAATS, 1996).

W7l egel Y F2E AT AgE] Folhe v
n HAekAbels) |7 FA, A AY, AAA
AHQ dEl, AFZE, AFuA, 71E] ZEFVA
48 Bo| seysoz Qi 1 I sl
71 oY tH(Higgins, 1990). 3% & 7oy
T Z2E T AW AYES vwsie] EEW
TEE BASY B o, 298 g Atgd AFV
N7 Al Srtele] J#d A3 (consistent
association)® 943% F UMTH(Lavest Seskin,
1970: Pope &, 1992). B¢ ti7]ege] @& =
G L& AGe] AT AGFUEA e TF
71A%%e FEEY Ae], & =ARIAHurban
factor)7} &= Atk (Saric ¥, 1981; Wares ¥,
1986).

L9EAY Frts HEY AT FINAASR
(Chronic Pulmonary Obstructive Disease: =
AZABEF J40-J44) FHES Fvie BRHAD
(Euler %, 1987: Ponka® Virtanen, 1994), %
MEFNAAS ozl Basgith (Cederlof,
1966 : Cohen &, 1972)

EG o] ArEeA Ui edAle A4 gate]
FENTE, 8 HE 94 59 e Bas
It 3thRao 5, 1973; Bates &, 1990). §4%
FriAAg R A3 AU &R B LPgadE
A4 drledn AAHAN Delfino 5. 1994:
Samet &, 1981: Sunyer %. 1993).

Seattleoll A HAIE ZANA TSP7F 30us/m%
74k oz Qg Szl go] 1.126) F7H4
v B aFQ)en(Schwarz 5, 1993), TSP7F o
g 7kt Yoo dEART A5 E AR o

Aol B & FL d840l e Ao 2AEUYG
(Dockery &, 1992: Schwarz, 1993).

S HEAT BY¥Ae] HH, oj4lslaw B B
Hel eyt woldSE B}l it 3EF
4 EAEE Eoliie B3t 19 (Cederlof,
1966). 28\ el Pl= FRAGR} oldhat
7t Esh e A GA o}8ITtAe 3EAAA
Boz 3 gJelde AHAHL YUt oz m 3
o] ofgtatrlrel mlMEie] AFAde] B8 Ao
A olghalzkae] AEA HrHAle olgbrlaz) B
FEZALeld] EF(confounding)e] AHE 7te
Aol & e g ReltH(Schwarz, 1996).

T E AERAL 9IS B3l AL
T2 v TIFANFYEC) %z, 53 sy A
2 el e e (E84 5. 1985), A
geo] kgl Lol G0Mo]del aHAHFAAM
rledos 3 TEVAASY] Fge] ¥ ZA
VeERGTH (A S & 1981). =3 37| AEE 4
XA U7ledE FALE Bk div]ede] A
g AdddlA ZFAFHELE] B4 Elgo(R
3 5, 1969: A 5, 1972). FA@Ye=
HA =7t wobdd ulel EFIIAAR FRA¢
7} E28ka l3(elA, 1991), ¥R ege] Alg A
Y& Y TF7 A AR FAARAE0] Foh B
EAHZEE T 1993). =& R H e A4
A8gE o4 A7 oF Lejuvet iyl 29l
ZEFNAEAE B F¥E AR Yn den(
AR F 1988), Ui e griede] A
2] FA4 L3S SR EY S, 1995), oF
I RfEFIedoe] WY AlEEdx E¥%E vt
o EuHD YrH(@EIR, 1998 5, 1998).

St A 1960t o]F 2§ Al
AAGE, A7 xA JFE tr]ede] £Xd
A A ey 53 Al FEA9e o
71292 & AFEAZ dFED ok AR =
wWel §744 dge B AFF A gAY
7 Azl AJEAdE wEUlR] Xatn dvhiEs
&, 1995). 20uiERE AW 3 dIE dvE
Y SEINAHEEL HIEo HAAHS 34.5% =
7HE B& v ES AAstn UAtHYRRARFTT,
1995). EF7|A A F7e} Hl2o] tirjefes
A TEFNAAEA FAYF77} Felgdx, old
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e AT otF WAz ofF m|FE AHo]
o, 533 1995 %H HAHA(YAEe] 2 Ze] 10

m ©]3}l W) 7F 2RE 3 gle, vlAHACL A
Zholl WA= kel disiAle o}F] APt o] FolA]
o YA E3ich B SEIAAR o1#heT oy
299 JEAe] BYF d7eME BT §
ARA F2 A GRAHY A o1 FA 2 Yx, ©
o FEHAE 7§ Are] TA =¥ F5L §
 Wrlex, §% T VIFRT, HedEEHAy 3
& BAF 5o MY eHdBHe YL A
48 AdFe o FuedA AlzdHz A 2§
A7golth,

£ d7e 53 A8 EPEFE FASKE A&
AY drledd SF7ARE F7 Aoy A
AE Bgs] FAstazt geom AEHQ d7sd
& ohEa 2o

AA, W71 LEEASANN BEs] nAEAR A
229 3EVAZE FR Arge] BAE FTA
o= WA EAZ opbzle, MAEY, oF
B drlew, FESH FENAAE A5
BAZ Al BBl ol FUsRREY 9
& Hashia e WA 9% &
izt stk

AT xpE o
1. 7 Az

& Xim

2 a7 4 A5 359 2 AR Y 98
HY S AFeke g de]de] A4z @
o AR A A o] AEe HE: Uid gA
FAAW B77135(CD-10: Internal Classi-fica-
tion Disease-10)7} %% sle] glqict, tir|egs
FRE 3FVNAATLZ Meo aAse RV
Al FEE W 3 AFE Asz: A3
7l eda B TEA2EL Shy £(1978)00
osle] g A& ALgsltH(Table 1).

7 AF A A QY 448 71§ g
Rert, 19959 114 1958 1996 108 31Y

Kolel APPAEE ALg3HATT.
B a7oldel dTddtEe ¥RY 2 ARa
H9eERY NRIA L ARIAF Qw3

o, §H2H »ET (e, ALFYF) e Uy
oz Msith oj5e] AAAQ 9], AFERI 9
BRYFT VR Pxie}t si g AA] EX Y

43 AA ©dE2A edof olg s LR AT A
A Aol 2 Ase olE ATWINEFT MEA
Holl AFdhe ofso] AEaA 87 ded 587
Adgez Aeg L FALH 6550662010t

ey | 7 Xr

rled Ase dr)ed @RE 54 FE(o}
Ba7bA, ol abElA A, ke oF WA)E
ARetgon], B4R} Mgl AXF d7] &
EF 234 2070444 19954 118 1¥el% 96w
109 3197HA] 1d5t 543 2dE g 9d¥E 3
glale] 282 ALgstvl. 8759 A gA A
A% W7)12AFE L 207029 A o 2ok
Far, WEF AL% B3F oY FUE B
ot A E, AAE ZLE, TdE, 79%F 4
TE AEE, 7T, TEF LHF UEF
3}, WolF,

LdEA ZF M WA= AR FAe] 10 wm
ojalel HAE mMAAZ 273 high volume
sampler2 24A|1F €}, oAl E{71E
AFE Fur Ao} olAHAe Mg t7]| 53 40
A 95 191958 A7 Alzstged, o] &
AREAA 199549 1149 12de]¥ 964 109 31Y

Table 1. Respiratory diseases related with air

pollution
ICD-10 code Digease
J02-J03 Acute pharyngitis,
Acute tonsillitis
Jod Laryngitis and bronchitis
J00-01, J05-06  Acute nasopharyngitis
J12-J18 Pneumonia
J20-J21 Acute bronchitis. bronchiolitis
J36-39 Other upper respiratory disease
J40-44 Bronchitis, emphysema
Chronic obstructive pulmonary
disease
Jab5-46 Asthma
J22, J66-J99 Other respiratory disease

Source © Shy CM(1978)
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Z14AEe 19959 114 1958 9% 104 31
A AEAFAN 248 A28 79N E B
o davh &3 J4REe Wle, AL,
A7 e, s, 29 Aol7) e Folk

2. oy

9 87|# FHVIARAE £ o FEgE )X
= s I A9e g grjed A=(mANA],
olgatztA olibgld A datslgkdk o E)S) o
714 ad(dd Hdre, Hurle, AL, F
& g Adgz, 719 %"&. Aale) | 2l87)
el EA4(1, 2. 3% du7\H, AENE), ogH
Y FAA 1A 43 17 {1‘-4(1-}0] A A
FAAZFQ 89, F48) Fo] Ut

% AN E JB/1H £ Agd] 9RS v

= drF elgridel 54, g2 $RA QA
2 EAN dAEHS A7 19959 11Y 1%
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Folg AHzAREe ATERE E2 Yok ERE
Holz] gigkery, log Halg AWAEE ATEX
o ZFEE. B A= AR BEAQ
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L3l on FEHPE é‘—ﬂ FEANALE W A
T2, EYPHLE 095 gt 7R ST,

a5 AR, F39 7PeE FAEUAT 2
FEAAFE M P8R 22 F A9 edEd
ol AHgH AL, LFEH] AL AT AJEY
(time lag)E st WY 2, Y 194, 2

UA, 3UA edEEE ARE3l 15 stepwise
method= A md & 2ot} o= Jd Z&

1-394 7] 9239 @] dEe] EFALE
WAef u A= FgE TAE] Hejrielt

o 7|l Y ¢4 ZFVAESE A A
= A4 ¥, 5 d(the day of week) HHE&
Helma AME & odF, 7HE, AL2 iy 7}
g A3 stm, “rz'%] Had, Hagle] opd
7Ase) JMSE dFsta, 718 #d(holiday)&
FAollA Alelsted AdE, F3U, FLe] 4
< Hagstna et 144800 S8 uid
B ol nAs QS Hishelr] Yk S
2 73R E Hele (A E¥EF £, AUEE
FA 7} 4, G 5%l AFEe AH)E AT
A, EUE 1, 2 3¥H T2 Y 9Y 2= W
4293 g% F Rt g2 &k WS E AHEsid
S U] o] 27t 9R71% Wdd viA=
AEg HAsstnA st
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ARE SAAF7E AU, EE EE ZFVAF

Aee B 207578 AP 438 AL 9170l
t} Table 32 84WgAteld] ojz ARATFE
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Ade vind gob vARA7} 2471428 £33
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Table 2. Percentile Points of the Distributions of daily means of hospital visits and Environmental

Virl_-.bloq in Seoul, 1995.11-1996.10

Variable 10% 25% 50% 75% 90% Mean
Temperature(C) -3.0 2.9 13.8 21.3 24 6 12.0
Humidity(%) 37.3 45.8 60.5 73.3 81.8 59.9
Respiratory disease 1226 1564 1929 2269 3034 2015
Pneumonia 18 26 36 53 73 43
Asthma 47 64 81 102 148 91
50,(10"PPM) 6 8 12 18 24 14
Ozone(10°PPM) 7 10 15 21 25 15
PM, (e /n) 39 51 66 89 115 72

Table 3. Pearson C orr(l mon (‘oetf1c1ent9 among the

Environmental Variables in Seoul, 1995. 11 1996 10

Variable My, Ozone S0, Temperaturc Humldlty
PM10 1 0.036" 0.691* -0,212* 0.116"
Ozone 1 -0.299* 0.469" -0.020"
S0, 1 -0.591* 0.288"
Temperature 1 0.580*
Humidity 1

*p 0l

o, ddisee "Ji 59.9%01Uth Y-y LA
Wt 8.0¢olth 597 114 8R7)0) YA A
Eigit=y

Aol FSi=e] AR E 2] A& PMy,
Ty BAP)ES Az B 71EA 80 w/mE
ZostE 497t W5 1289, 244172 Hir)2A
150 wg/mrE Z3behe d47) O35 9l 25tm 9l
o ZARIHEE MEA A eE: 2 Ak 24430
V1FA Freldlglent, 229 HA 66t 1413
BHEZ)124 0.1 ppmE A3 st

MEAD ofgalzlA ehEE ASHET 1990
o|AMA T A7t ERNFX(0.03 ppm)E 23}
Ror}, ZAPIESE ofgibrb Ay 1725 @ H
wx 7]E24 0.03 ppme ZHPAT. A E2] o)Ak
sld4 didlEs eFdEE H gutdog g4
71&& FAska
12 nAIA] F7tel whel =E7) A8 o4
1529] HBE Loess plote & HaFu Qi)

Table 45 A&4] th7)290] 573t heg
SE7AAE 3 Agd v Gikd B f‘__I.L]-
olth, TEVIAAFCR o 77|l WLsr)A
2, 394, 29 trlede dgks E.‘_*—%P%ib‘r.

ok

Fig.
47 3

-'|

Agd=yE PM,, 50 w/m¢, SO, 0.01 ppm,
Ozone 0.01 ppm 712 V&R AT

249 vA Uz TFZADE el Eabd
7HE F4a3% ¥HsAHRR=1.11: 95% CI=1.05-
1.08) ¢]ZA& one pollutant model<lAt}t two
pollutant modelel Xy} d3AAdelAl viebgtcoh “l
A2 e o AP Hlgle] S¥HeR
F71ABE w3096 GE8E nHct 39 0}
FA7tAE TEAAT NP8 el 3adt W
o]tHRR=1.08: 95% CI=1.01-1.16). kA% o}&+
Azl mlARAZ e ARTBATL Eghen), VA
A=) 9kel two pollutant model] 25 o}3Fakrbs
T FE 95% A3 T3 Kol Ratgt,

5 Ao 24r3 BELEFTEE TEZ|AAS
Wl gAaee] Fast gigolnt, ofiitrlAgs
two pollutant ModelolA = vlz9B=7t 1.08(
95% CI. 1.00-1.17)elddt}. kAT PM,,2]
two pollutant ModeldlA B9 EHx=2F 1.08(
95% CI: 0.98-1.15)°|dt}t. 2&F2 TE/ A4S

T3 g Sl o HE AR 4gsie AL
F Relvt,
N Ez 7L ZENARDE 23 A5 s o
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Fig. 1. Scatter plot of PM,, and hospital visits for respiratory disease

& e gal Lo AREE A9 njAHA Table 4. Relative risk of hospital visits due to
7} 150 we/medl AS$- FtkRe] VL2 Holy 2 respiratory disease and 95% confidence
A A FAMSIET avune mAvxe intervals in air pollution in Seoul
7142310 #Age] TFNALE F7 Ao 7l pollutant Relative risk 95% CI
x| oAEt 1 3] 5}
X] L 0%01 %1}E]E}J— ?:l- T 9;1“'} ‘ PMlO 111 105_118
Table 4e14 FAJE v|A#ER, ofghalrts @ S0, 1.08 1.01-1.16
dlo] 2gEAE datsetd olasdis TE7) Ozone 1.08 0.99-1.17
AR F2 Aot Fo g FugE BHolA] gurh Two pollutants
PM;, 1.11 1.02-1.22
& 80, 1.00 0.91-1.11
PMy, 1.11 1.04-1.17
AZE d7)% 80, Ozone, PM 44¥ ® O;gm 18; ?g?_iig
ﬂm’* FFAAE £1 AFae IS ¥ .08 1.00-1,17

shgct, el AexGelxel 80,9 PMyrte]l
AL ().69]1F =] ufFol, *n—‘%:.‘i’]‘——]- n] =103
Aol A s} o] 50,9 TF7IADR Fx 5k
BT Wk o PME BN e vb

:—_Mo] ‘il‘ﬂr PMmC _Ql]]/;ﬂzl%]g.;__ ]b]. __]_.‘-1
713 el 4ol sle Aer et §
L olghavtast we Adge] AteE gl
ol 2] ¢} ﬁ]—A]-;Q} %, =

feﬂ} 587 34 f9 @Al
21 -

Concurrant temperature variable

My, 1.10 1.04-1.17
Qzone 1.07 0.99-1.15
PM <150 wa/mv,
PMy, 1.13 1.05-1.21
Ozone 1.08 0.99-1.17
No extreme temperature days

PMy, 1.156 1.07-1.23

1.09 1. O() 1.19

C )z()n(‘

*Time lag PM,, 2 days. SO, 3 days, Ozone ] day



Table 5. Relative risk of respiratory hospital admissions for 50 g/m” increase in air pollution from
selected recent studies

95% CI

Location Outcome Pollutant Relative risk
New Haven All Respiratory PM,, 1.06 1,13 t0 1.00
Tacoma All Respiratory PMyp 1.1 1.17 t0 1.03
Birmingham, AL COPD PMy 1.13 1.22t01.04
Birmingham, AL Pneumonia PM,, 1.09 1.15t0 1.03
Barcelona(winter) COPD PM," 1.11 1.15t0 1.06
Barcelona(summer) COPD PM,,* 1.08 1.19t0 0.79
Ontario All Respiratory PM, ¢+ 1.09 NC
New York All Respiratory PM g+ 1.07 NC
New Haven All Respiratory Ozone 1.06 1.13 t0 0.99
Tacoma All Respiratory Ozone 1.21 1.37t01.06
Birmingham Pneumonia Ozone 1.07 1.18 to 0.99
Onatario All Respiratory Ozone™ 1.17 NC
New York All respiratory Ozone”™ 1.26 NC
Barcelona(winter) COFD 80, 1.13 1.21 to 1.06
Barcelona(summer) COPD 50, 1.19 1.34 10 1.06
New haven All Respiratory S0, 1.03 1.05 to 1.02
Tacoma All Respiratory 80, 1.06 1.12t01.01

*Converted from black smoke assuming a ratio of 1: 1

+Converted from SO, assuming a ratio of 2.5 1 based on data from Ontario
+Converted from 80, assuming a ratio of 4: 1 based on data from Eastern US cities.
* Maximum ozone converted to a mean ozone assuming a ratio of 2.5:1

NC=not computed
Source : Thorax 1995.50:p 536

184 22EL Eoiivtn Bastgth(Cederlof,
1966). SO,= 72 97 del2 wistelo] 3ikst
B3 A24SE ol & A egel QA ©A
o fAsig #Ae& v Aoz Hudn Y
{Speizer, 1989). 80,7} A5NrEo} A2 oAH
d 718 R Fel o8t AR AAGe] A&
opgrE F ke AEESE A7 ARE 2a¥
tH(Wolff, 1986: Sheppard %, 1981; Balmes
T, 1987). 2y f¥ely nF FRAI9RG
SO, sE7F #2 Aol TF7|AMSFez
dhd#e AL ez gatk(Schwarz,
1996). PMp2 o2 Adefr 3F71ADga e 4
el 4¥AIA Uelvtzm sle W, A doA
w2t 80,94 EFNNARBHR] ZBAe] iz
ByHi gleng, ofgairtazt EE7AAR
F2E " de 9A7 8 vHeyel 12 Al
2 B

ZEZIAAGCE A% 5r|H ey #dg

PMe 714=0& BAg 9zt Al Ad 4
AP S ed FRE Holy dE
AAstn, £ 2o} e 2= WEE AT gox
PMy A3 274 ¥l gl =% 714 23,
2 egdd § EFEFIE EAse de o
ghle] ARAME PM,2 49d 47 I%E
Holzm gltK(Table 5).

ol A7 E T B o}, PM, ¢ TFAR
g A7 AdAe] 80, 0, 7144Ze] o
s ATHA HAHAE 7S Hoj Bt

0,98 BF =7} & New Jersey, E%
OntarioFolA A2 F#Ado] A (Cody T
1992. Bates¢t Sizto, 1987), ZEF7|AIAE ¢
#F% ABA4E Y Burnett 5. 1994). A
EOE AF4A O BYITINAZSoz AN
degd A494E YA ekgkn(Sunyer F,
1993), Aalez Q13 g4 Wdas ARHE B
o}x] 24ttHSchwarz %, 1993). ¥ dAFelA O,
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