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— Abstract —

Effect of air pollution on daily mortality in Daegu (1993~1997)
Mi Young Lee, Choong Won Lee, Suk Kwon Suh

Department of Preventive Medicine Keimyung University

Objectives : In order to evaluate the relationship between daily mortality and air pol-
lution in Deagu for the period by the data from January 1993 to December 1997.

Methods @ Deaths from accident(International Classification of Disease, Revision 9;
800~999 and Revision 10; V01-Y89) were excluded. Daily counts of deaths were analysed
by general additive poisson model on the current day to 5 days before death, with con-
trolling for effects of year, season, weather, weekday and holiday. The air pollutants
examined included total suspended particulate (TSP), sulfur dioxide (SO,), nitrogen diox-
ide (NO,, carbon monoxide (CO) and ozone (Oj).

Results : Mortality was associated with NO,, SO; and CO in the air. Total mortality
was estimated to increase by 1.6 %(95 % CI 0.3~3 %) with each 10 ppb rise in NO; on
the current day and the preceding 1 day, 9.4 %(95 % CI 7~13 %) with each 100 ppb rise
in SO, and 2.7 %(95 % CI 0.1~5 %) with each 1 ppm rise in CO on the current day. The
NO, was more evident for the elderly who were 65 years and more. Cardiovascular-specif-
ic mortality was associated with the levels of CO on the current day. Respiratory-specific
mortality was associated with the levels of TSP and NO, 5 days before death. Excess
mortality risk is clearly evident in the upper range of NO, levels and increased monotoni-
cally with NO,.

Conclusions : This study suggested that the air pollution status below the current
Korean ambient air quality standard might have an adverse effect on daily mortality.
Then, it is impertive that the strategy for control of the air pollution-related daily mor-
tality should be developed.

Key Words : Air pollution, Mortality
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#, 1999; Lee & Schwartz, 1999; Lee et al,
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et al., 1993; Buchdahl et al., 1996;
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Tompson, 1961; Sunyer et al., 1991; Ponka
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1964, Ferris, 1979; Linn et al., 1987,
Schwartz, 1989; Horstman et al., 1997; Gold
et al., 1999), }3F3 Fygukzt, oga FoE
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1992; Chen, 1998; Zemp, 1999), F3/II=%
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assembly of the American Thoracic Society,
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t}(Dockery et al., 1992; Touloumi et al.,
1994; Saldiva et al., 1995; Spix and
Wichmann, 1996; Hoek, 1997).
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AAEA 5o E4oA ® sht me{jor &
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1993~1997d712l 5 Fot & QAo o] g4 <l
FHEE o2 SRAALE A7 atF Hd AbY
FE 23.4%0ldch 654 ol Atdae dHd
13.6™°]9 2 654 mlere 9 8Holsith AbEQ)
H2 UyolA HY ¢37|AAFoR Qg AldS
= 49T 6.6%, SFVAZEE A Al
1.8ty 1L Z2AE SO, NO,, Os,
CO, TSPe ¢3¢ == 47 28.2 ppb, 24.6
ppb, 29.9 ppb, 2.3 ppm, 83.0 we/meo|Uct &
P =& 14.2 T, AUEEE 61.4 %, T5L
2.7 m/sAh(Table 1).
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Table 1, Distribution of daily deaths counts, air pollutants and weather in Daegu, 1993-1997

Percentile
Odorants
Min. 25% 50% 75% Max. Mean (SD)
Mortality (deaths/day)
Total 10.0 20.0 23.0 217.0 43.0 23.4( 5.3)
Age = 65 yr 3.0 11.0 13.0 16.0 30.0 13.8( 4.0)
Age {65 yr 1.0 8.0 10.0 12.0 25.0 9.8( 3.5
Cause-specific
Cardiovascular 1.0 5.0 6.0 8.0 25.0 6.6(2.7)
Respiratory 0.0 1.0 2.0 2.0 7.0 1.8( 0.9
Weather
Temperature(C) -6.8 5.4 15.0 22.0 32.9 14.2( 9.5
Humidity (%) 22.0 51.0 62.0 71.0 95.0 61.4(14.0)
Wind speed (m/s) 0.2 1.8 2.5 3.4 8.2 2.7( 1.2)
Air pollutants
S0, (ppb) 2.2 15.0 23.9 36.5 136.9 28.2(18.6)
NO, (ppb) 2.2 18.2 24.0 30.3 66.4 24.6( 9.5)
O;(ppb) 2.0 19.8 26.6 38.0 107.7 29.9(14.3)
CO{ppm) 0.2 0.7 0.9 1.3 3.7 2.3( 1.2
TSP (ug/nv) 24.2 55.2 75.1 103.5 290.8 83.0(37.3)

Table 2, Correlation matrix for number of deaths, air pollutants and weather variables in analysis

No. of Relative  Wind
deaths SO, NO, O3 (6] TSP  Temperature humidity speed
No. of deaths 0.094' 0.116" -0.068' 0.101' 0.050' -0.122" -0.072'  -0.036
S0, 0.685' -0.273' 0.756' 0.771 -0. 388" -0.146"  -0.298'
NO, -0.176*  0.620’ 0.598" -0. 396" -0.131"  -0.427"
05 -0, 404" -0. 090' 0.570" -0.232'  -0.007
CO 0.669' -0.470" -0.020 -0.286'
TSP -0.202" -0.058"  -0.276'
Temperature 0.361" -0.181'
Relative humidity -0.263"
t p<0.05
¥ P<C0.01
T o we AUBAES dehiglen Uuin 2E ¥e
o} o] 4#dAE JeERIUTH Table 2).
ZAOle Qo } 3
'6_/‘]"30 gen 2 EH7]-9— EEX]EQ’]' )5"{].'7:“4: 3. 9_?":'0"%4
0.050~0.116 22 oiad ABAAL dden, 2%

By} SO TSP 0.771

o oi¢ & AT dehlifles, SO, NO,
T

CO, TSP AMZ 79 %
A% ABWAE dehiglth, O

FBAIF7E 0.598~0. 7712
<% 0.570

Bae7) sl FLNA 5
o $e Az 7lee 294,
193] 7bg EIHEA
TPz 288 a7
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Fig, 1, Daily number of deaths in Daegu, 1993-
1997.

lg Iy = = = == s o» e = ==
-3 Configence LImits
10 Bl Coefricient
H 35 7 8 1113 15
Lag Number

Fig, 3, Autocorrelation functions for the daily
deaths counts without fitting,

9 Z122de Jog(¥€¥ A 71dl4) = intercept
+ loess(£%:lag 2) + loess(th&E;lag 4) +
loess(F45lag 1) + A= di@ to|¥s + Lo
g dujEa + 9ol diF gues + FYol o
g tjuASrt S A

71e5dol 7] 4 AAMES AHHZE FA
sta el Br] fsted RAE =AE 2 A F
A HEo] Ao AAY AL B & dAh
(Fig. 1-2).

ANALARS] 2714 (autocorrelation) & EA
£ ddsly] dsl 2ol HIFATIA e dEle]
U Al g9} 1R A E 9
o] A BEFE 23t 2l HFAINA
Fe AeHE ADd Fxe ] Aol oy
(Fig. 3), 2 AFA7I2 & F FAzte] 2714
A3tg T B A olg &) AdEe] Bol A}
< 45 Uk (Fig. 4).

o

240

Fig. 2. Residual number of daily from the base-
line model.

Confidence Limits

1.0 [

Lag Number

Fig. 4. Autocorrelation function for residuals
after fitting with baseline model.

4, th7|2Ho| IF

d71edEAS shid ZIERde IFAFS o
FA1ge] 7% 2de) SO, 100 ppb F714, CO 1
ppm F7VE A =rt 22 1.09(1.07~1.13),
1.03(1.00~1.05)c]en, Zdz e NO, 10
ppb Z7h AHAEEsE 1.02(1.00~1.03) ATk, 65
A oldelMde BUI Aol NOo Zddd=rt
1.026, Y2 SO A8 Est 1.012 f-25HA
Z7lslael, 314 AP 2de] Coel AUl
=7b 1072 feldision, S804 AP 5439
TSP, 5449 NO, o Zuisig=st 24z 1.15,
1.062.2 AR tdo g &9 & wo H|gtd &
EZo=g Zrksiich 654 mirtelre FAME, &3]
AAds EF/NARGoZ e Apgo] tsld 7E
SBEZZA R Foldt FAAe] giATHTable 3).

FARET 714848 BAT o Z girled
B4 5895 BT AbESvke] BHAS Bt

2 W, NO&E 49 58952 245 Audezn
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Table 3. Relative risk of mortality in relation to cause of death

Relative risk{(95% CI)

SOZ* Nozt* 03* C * k¥ TSP****
Total deaths 1.09 1.02 1.02 1.03 0.97(lag3)
(1.07-1.13) (1.00-1.03) (0.96-1.11) (1.00-1.05) (0.94-0.99)
=65 yrs 1.01 1.03(lagl) 1.01 1.03 1.01
(1.01-1.21) (1.01-1.05) (0.93-1.09) (1.00 -1.07) (0.97-1. 05)
{65 yrs 1.06 1.00 1.03 1.02 1.04
(0.96-1.18) (0.93-1.23) 0.93-1.13) (0.98-1.07) (0.99 -1.10)
Cardiovascular 1.13 1.01 0.90 1.07 1.04
deaths (0.99-1.28) (0.99-1.05) (0.80-1.01) (1.01-1.12) (0.98-1.10)
>65 yrs 1.14 1.02 0.96 1.07 1.02
(0.98-1.34) (0.99-1.05) (0.67-1.00) (1.01-1.14) (0.95-1.09)
65 yrs 1.12 0.99 0.98 1.06 1.07
(0.90-1.37) (0.67-1.48) (0.67-1.00) (0.98-1.15) (0.98-1.18)
Respiratory 1. 20 (lagb) 1. 06 (lagh) 1.01 1.05 (lagb) 1.15 (lagb)
deaths (0.89-1.61) (1.01-1.12) (0.76-1.49) 0.93-1.17) (1.05-1.31)
=65 yrs 1.14 1. 09(lag5) 0.94 1.03(ag3) 1.19(1ag5)
(0.61-1.26) (1.02-1.16) 0.67-1.31) 0.91-1.18) (1.02-1.38)
{65 yrs 1.45 1.08 1.06 1.20(lagd) 1.27
(0.81-2.53) (0.97-1.20) 0.62-1.77) {0.96-1.49) (0.99-1. 65)
* relative risk of an increase of 100 ppb of SO, O
** of 10 ppb of NO,
o of 1 ppm of CO

* %k K

of 100 wg/m* of TSP

" 50,

® NO,

Relative risk of death

O,

Concentration of SO,, NO, and O, (ppb)

Fig. 5. Relative risk of death by quintile of SO,
NQO,, O; concentration

yepilen O, TSPE

Zohshe s uAS
= AR 4GRS S7he

29 5E9 G4
o} (Fig. 5-6).

o] AFolN Al 2l
a3 A%, AL, 2%, FUE FAD Fo 99

Relative risk of death

50 100 150 200
Concentration of CO (x0.01 ppm) and TSP (ug/m?)

Fig. 6, Relative risk of death by quintile of CO,
TSP concentration.

g A3 Aol diste 2| SO, 100 ppb T
7V, CO 1 ppm 279 AdAd=rt 2z
1.094, 1.027°10em, 2dx AgY NO, 10
ppb 717 AufE=st 1.01601908 & &8
Al AbE gdel oo A EE7 1072 #
ston, 3E7|A Al 54de] TSP, 5¥zie]
NO,8l AHIEE 22 115, 10622 SAM2
Atz RS W vleld 2 Foz Ut
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gt EEZIA A CO7t, EF71A AFE& TSP
9 NO,o| d3ko] A, 654 o] ioliA] o2 g Qg
ol Atke AE AU

APES QA9 g)7] @) gt FAANkge] 7
FF& AR E e, dA E2HE F de
ANEZ ddg AHgdo (Hechter and Goldsmith,
1961). Y Al edigerel AERA) Az
Z 2l i} Apzlolz, dREE Q1L ¥Ho) 7
AehA ER A B¥stug Qo) edd) 2E A}
o] Y& nHE o, Algel dFE vl 5 3
= UE 8EE BAEE o] FRstn =
Toll ol 88 Alg 2 dirledEAAze] AA F
=8 21 ax 8} AFAI UV eHEE $49F
HES 4= ks Bz nzsloiof )

E @A o] g3 AlFRas EARAN IA
g AtggieisAleltt, EAIA ARE AW A
3l & - A - BANEA A3EhA S APl A
£ Jz2 30, Adgde I=TEAHEARIEF

ol

—

%

—

p

A
4
2

o oA ERsH drh AgRlaEe 4dd3 HE
BE aeste Aol ofF Fadth Agluge
95 %oldol ook zxtgel fE4E LS &
Aed, 1970dd o|F PFE3 Aol Fristd
19879 92.2 %A (Y, 1989) olFo= A<

Aoz Fvke e FASH Abgzlae] @3
qE & BAZ §& Aeluh g Yl s A
A AFA APEAGA EE AFFTHEA F 1
F7h ARd e A-SHM B9 AR
B 2 A Aot WAy FEAA 2
AT 243 AP 7|0 rheslelst FPEE A
slojatell og ApgRIgtAe] ZAul&S 1980
of 30.5 %¥Y Aol 19939 55.2 %, 19974
64.6 %2 Ha Frtetn o Allezia & B
B8 A= 19939 5.9 % HATh & A7
WEE AU 1993~97d 71HE<t 13601481
W AER Hay A AAEHAd T # F 3
ot ARlEw-E 932 934, 94 29078, 95 ©l
F 11~908 o2 afvjt} Zasia glovt Atgdd
H AT FET Boole @A) leE 188y
of & Aolth. 1995~97d 24T Adve #H
6234, 4999, 95057 A& FoteHlout T, F
T, AT, FTe dTe 1996 A7 -T141, -
9614, -14302, -1213444 ZAdte] @QTY <
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5

o
X
[s]

B

1915t & A7o] B dTe A Bl
1THEAA, 1996; dF+FHA, 1997). °l
3PH AFUATITLEST AEAAF SR Abgol
WIS Ae2 F58 ¢ qth
giAle) 67 A FFakel ATAl AAg
A9 d7ted s Aol 2 dB2E & vl 8
T FANY orledEedAE S0 AUEA
E AHEd, 80,5 AFAF 0.39-0.71, NOE
0.28~0.56, CO= 0.24~0.64, O;= 0.46~0.78,
TSPE 0.5~0.642 SHAGZ 79 ERS =&
EollM & zol7}t YlgE & F dth 2aM FHA
H EE TEZ A7) W7)edn Apgae] By
£ Au Kol 34 Holg BIste Aol Yast
25 FEE Qo) Aolrh gu At Hol B
Apodre nestA] ZeRc, =3 P4 EX
d) 2loja Fr EATe FH4A) IRE gle
o, Ao #RE B o &L AV BE
s () 7294, 1998), 34 HA2A12 HAle)
FHAI0] Fo] Hasle] AgHR X8 SHA
7} A9E dEskey 247 A& ¢ U, FA4
ALE dEste EASH L A9l FAFE
o 98dRE e AAFHLR oldetd YRALE B
a3}, a2 2A U9 PelEd i) &
A, AN st dPAe diZledE dx
T ¢ sle 2wy EEXx Audte dgFA A4
ANAE AL 5 UEE stddol & Hold,
19523¢] LondonZA%1 ARAS E3td % 71
F3§ AlE g g&sA Hdoh e 23
excess deaths)o] EE Ay ZNA F7etH =]
gk I FME 53] 654 o)de] wdEolA wig-
=k, ARQIER ZARIEE W 7Y B2 Aol 7]
#AAE, HAF, 2, 0, AZTFAA, g
ot E AAYAIEE BRY 2B A ol ¥
slod Alrdeo)fol Alwpo] 4 58 Ho] TAEHT 9]
2 2R Schwartz(1994b) & 71 oL HAH
v A g 38 Phed s RECEAN W
a

oy X B
ilo

i

AN, B ATl FAbT] g L

29| NO,, =&71A4 Arddl dig 2L CO, 5%
VA APl gk 593 el NOg TSPe| 4=
6541 o]l ME Arkel dUiE =] A77 S0
Aoy 654 niTNE Fold FIAE vXE o
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7129 ¥MeE T ok olE@ Ao o
Zole MEAE YAz T AZAH 2439
(1999) 9] dFAM=E JEltEd, Schwartz
(1994b) ol 7HdolMA R 71Ed el o3t a1
o8 APl Q43E A = dgE S A
Agte oz AQzhdct
lofl gk A3 AAIARQ diz)ed Aol
HE gRatis ge A7t gaix Exol
23 FEYE A2 YepdoH(Fairly, 1990;
Verhoeff et al., 1996; Kelsall et al., 1997; °]
FH ¢, 1998). Teldle EEFAFERN A 27 J g
Z3o] wFojx] 53] PM, % 2 nlAE=lo] g9l
AHE A LW Algol d#EA 9L A= A
22 et Pope I, 1992, 1995; Ostro, 1993,
1995; Saldiva et al., 1995). Al dig SO,2
Jakoll digiMe &9 dFEL2 HA 2EL e
2} Zakm UAT AZ 5o TSP @74 80,9 &
F71A AVl diside ARz 798 AAs
Hole A3t geo] IXHA}(Derrienic et al.,
1989; Katsouyanni, 1990; Zmirou et al., 1998;
Bremner et al., 1999; Lee & Schwartz, 1999).
Xu et al(1994)¢] ATl SO, =71 2471 2
o FAPEe] 91de) 11 % oKl oy TSPy EAF
% 7t folg HEAo] qiATh AlRIEE EAY
& W SO, TSPl 93 sF71ASAY o] 2}
Zy 29 %, 4 %2 AR f9Ae) Aot £33
A% AMREL SO, T FoEtA FUkeidoh =
Touloumi et al(1994) ¢} Schwartz and Marcus
(1990) &7l A B3 SO, BF EPH o Abgzt
Foll &S vHtta A th Zmirou et al(1998)
of AN e dirledel HEgE ARIEz st
o, SO,% black smoke?} Z&7)AT 02 Q% A}
F57ket BRo] AUem, 50 we/m FIVG Abe)
AE=Esr 472 1,04, 1.05%ch. Bremner et
al(1999) 9] Ao e F2 B33 SO,7F F71A
AbgEziet BREe, AudEes) 8328 Al
o] AdgE=r) 2tk Hong et al(1999)2 44T
AMe TSP7F FAMY 2 €7 1AAEE Bage
Y SO& AT 2 &3 A Mg E o] it
VAT 25919999 A7l E TSP7F EA
%, o714 2 35714 AT BEEdn, SOE
FATE ZEVAAYE BT a8 9B

of

ol Mo
Bk

R

CHAlL] 7230l Y8 At ojxle HE (1993~ 1997)

A7 E SO, TSPE 24l g7 ¥UL o SO,
EI7F AEAA SO, Ep7E BRlo) 9% o)Ay o
Folglz A8t} (Schwartz and Dockery,
1992; ©lF8 =, 1998). olde] AFe)A S0, £
TSP7} AbE7ke BRAAJo] 9oyt ARl Apapzr}
o dsire ol AnE HodF 3 ot

2 AFM TSP FAIEZ7Hle 93]
S} 59RY SEVIAY St #d kol
AR, SO= 100 ppb F71F 8.4 % A=Y %
Al 7171 A} o] A TSP S0, 557t
< B9 d71edE d7% Xu et al(1994) 9
TFHAze A9 fAksiet. a8y SO, TSP
L7779 4E L ARBAE Jehlo] A2z
F& HAE & gldka & 5= AUk Bates(1995)

w4 WrledAtez 3 Ay @y
SO0 &8¢ 223 vlwsle Bxzel A i
st e, SO WEE A% B2 oda A-d=
< W A8 A2IFE ez dopy F28
A opx Fgs ARshr] ogctn & £ gith =
& Lee et al(1999) & M &3 &4HS ¥l@ale
=9 F28 AT F AgdME TSP SO,
T AR gEEdod gikde SO, I #EE
N1, Hong et al(1999)9 AFoME AdMA
TSPR Bsle] Ao wpe} Algel] v|x]= Pgko]
93ivh, Bxlo 4L 1 e AR 37 By
of gegleng ool ddHe g we
39 §A4& st Algae BHNE BeE &
O &3 A7t Hgslojol & Ao},

COdl &3 &2 F2 1= FYFEH A
@A A o Mo J(Kleinmann et al., 1989;
Allerd et al., 1991)o #sdlo] AFHAR gten
Arze] E£29 Algd] #F AFe @Bz @t
Hexter and Goldsmith (1971) & 1960t % o)
= Los AngelesellX ti7139] COg} Abaztel 4
HHAol Asithe S FFSH 1, 19704l &
UAHNA Al E Kinney and Ozkaynak (1991)
ol AFdMZ AFAA 2FEAQA FUdeg (O,
NO;, KM (particulate optical reflectance) 7} &
APl fold 9L v A BRIFCh
Touloumi(1996) = AthensolX 1987~91'37}=]
AlgE Ao Fdel CO 10 we/m Z71F FA}
% F7te] AR EE 10 % S99 A A

0 o

S o2 oHr

fr o2

t rlo
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7t ™t n s,
2 dFA COe FA1ES7Me Bdo] AAm,
BNAFeZ A7 Algo] FolF 9L v
4 grjedEdo|dnt. CO Er gt 423y
& F 7 F8% 24 o) A9 & 9l
. RAAE Ed9 daeisd i o8 23
AN o8& FaFe A}, EAE vEZ=golo)
7157l cytochrom a(as;-CO ligand) 34l
g AZWEES] 7193 A o)t} (Goldbaum et
al., 1975; Marius-Nunez, 1990). Al2724&
t3tA 7} 7o FE-3 COBAA F7HeE 3 %) & &
A =2z 2 SHE Agelant Wi}
T 97 (Bates, 1995) % UAT AxEe COZt &
FERAES IR BzlolA 2FA] AF7)15 &
g FFES s A7 (Allerd et al., 1991)
Rerz, AGAZAA COFEE Zard
HEGUATS T YE AIFENA 749
=& #4222 ¢ A HE2Z(Committee of

the environmental and occupational health

1

o o
oX

Qb

(% o

assembly of the American Thoracic Society,
1996b) th7]edel o3t Abatel dpdtZwolA o7
%9 CO vEE Z2aAZ + e Ugx u3e)
Holo} & Aol

NOx= A" QelMe 718 #Hrlslr) o3 2
dEZolth vt A, 2 £z deuc
© A9 e o8] FgS o Yol won E
A, F9Z20 i Zofol] ohsiy o} =go] B
o, wRjgto g HimAy H]L8Adelmz NOx 7}
PNE Brhe R 9%E Bl FA Ho F
AE2e] ZAng F3s] oJ@7) "ot} (Bates,
1995). Atgzie] @A) M E ol e 222G
AF7F AFEHA 2R, Kinney and
Ozkaynak (1991) 9] 7oA NO,7F Abgke] Z7}
9 #Ho] ot g 2E e JFS wiA S|
R, 654 ©]3E dde= & Saldiva et
al(1995) 9] ATFANE NOyF A%} Feolgh &
Aol e e 2FEH A 2do P&
o fFeldeol AlERATE. Loomis et al(1999) &
1990} Mexico cityold FA9GotAbd Z7)e)
A HE3], NO, Oz0] 9L vixn, 3™ O,
I 549739 NO, 10 ppb 713 Golrlgel A
d=7t Z+zk 2.78, 3.78 ZF/tgdm: sRT)
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Touloumi et al(1997) = Bd<9 NO,(1A17+ F:
A) 50 w/m F7VE ¥ AYEI 1.3 %
(0.9~1.8) Z7istded, 3ol ¥ ZAolA
NO, 930l © ZA Ueldn #zlo] 23d A$
AP st #Fade NOyol 93 ©rjdge o
AF-E CHEA A wBIFL = Yo
7R AP st sk A3y 24
#(1999) 8] AFNME NO,= TSP =& SO,%
BBYE 7HA7] W Foll Abgote] EAA B
OE 229 P 3 aJHUL 754
Eiii=
AFM NOE FAMY 2 3FNA A3
ARen, NO, 7o wa& Apkel A9
e WIHEE2Ed F 7/ o 23y A
333 2491999 9 ATFNMA" NOsF TSP
EE SO.% =2 A4 L 7IXle g g& 34 9
g AdFS AT F = gk =3 Ao o
& Y= meiEolof s, Ayl g JgFo) &
HAAA s % o g2 975 gsg 3
IF7IA AAEE 78 o 8% adez &
A, AR AA A e, A8, &% F(Derriennic,
1989)°] 9lev, Pope M & Schwartz(1995)+
AALEN A 2} A ARle] tizge] HEg
AHAH n@LAEe] wEdFEz LT shsAo]
AAL & Qhn Ak B AP 53 738,
298 A3y The iAoz urleds oy Al
< Ao 2 AFQATEAH HErL mekagl
o8 A8Y 7MeAe Ao AFUAAIES 94
(heat wave)9] A= B8R Ysted Q83
27t 53] U9 @47t AR R RA A
o7 vAlE Ftth £ AFoN faAEe) 9
g glva JHgsidoy 2HEAYNY] fPddS
Aol A 1997d 29 779] AZFAA A FA}

L o A rfu
oX (o
[e]

r%’ e ¥0
- £
K

i

F2 $osidn, 19974 49 14709 AETAA B
FAFE 2o 29 UBAE fUe HAR

st eme (FYRAL, 1997) o] AT FE
3 meis 2¢ FP4SHel neadez A4
A9E e AT 4 gk T Anedd
Be G AL 4 g, 2eAAAE Aot
o OREe ARES ARES Aol YReks
AZkO] 90 %AHER WA B3, 58 ojgd gAE

=
7 =RIEE F2¢ ALl o Bol AFshe A%
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o] gemz Rono ATME o] T mdH
Aol odnt A AWFVILE D Abgate] FHAAA
g BME Hed Ao Yz

o] AT < AR Ao drledoez <
& AMGES na T o dir)egel 2lg Jge] I
v g #Fudsy HdaAs, FHAE
2 G EAE, HE ToE2 ARIS AR
Z% A, 7] kg Aer deydl fiob
o digted mEA B H, VIR M F
8% 713 F8, F& 2 dItEEs 2
Ab 5ol s meiskx) 3ok aiM gez
o] AFelME ol msA EF FAH A
o, 4%, 7138 h 5& FE3 meistedol 3y,
29 EAH ¥y PAHE AYgsia AYAR
s di71d SRR FZYS T FAdel
Aggslojof & Feo|t}.

B A FAbddE NO, SO, CO, ¢&#
NA Apgelle g2 CO, EF/AATE 594
9l NO,¢ TSP7} 433 4&S vivdes 2A0E
Ak, & dutdow Wzt Z22E AA &
o] gle Ao AFHE E7IER 5 o
712ge] Fx19] Alute] F&E viXe Aoz e
U g7l edE #elshy] fstd f] vetellM Al
stn e A8 7EA] A=) FAgeE)] g B
o AFHoln QA AH ket EAAI A= &
FE, 53] d71egd g A739gS AR
2 Hrsrl gaide g CRIsiAl dE&g A

e A97AEs b & 932 e 298 S
ARz AFse AL M= Aol Y
Rolt},

(@) ok
p=a =

23 : 1993~19973a7tA 2] A tlTF-29 &%
Aaet BAAA HAT HFA AFALe) Abgzt
52 7K@ dFAe diZ]lede] 4 At}
ux]| e G3S Hristed 7)Aol o Alte] o
g g dr|8ANAe] JizxtgE E4staAt
k=8

e Q7o EZ2AEE NO, SO, TSP
24A17F Bagk, CO9 8AIRt Hatgh, 0,0 ¢4+
Fsgkels] Al 2AAE AR FAGH A

Al ch7|2go] Y At ofXl= FEH(1993~1997)

dd e FIRNA A, TEVVAAY, JRE=R 65
Al o4z mgte @ ypFol B3ith Generalized
additive Poisson modelS o]&3lo] 24313 o
Akl 4EE ujA F gl MEEDR AVIFA, Al
ARES BASY] 8 71N 2w, Ads

E FE5E HEgsE A, 4, ¥, 2, *d
< trdsseld 71ERds dystgch
Za @ FAbgel] thsled Bdel SO, 100 ppb F

7}, CO 1 ppm F71% AdAd=rt #z
1.094(1.074~1.132), 1.027(1.000~1.054) I
on, gdz Aol NO, 10 ppb F713 JHAE
%7} 1.016(1.003~1.029) ol ch. £871A Ab2
Fde] COol A4dAE=rt 1.07, EF71A APd2
5949 TSP, 5449 NO,o Zudg=rt 4z
1.15, 1.0622 &) bgoe COZL, EJ7)AA
Fel= TSP, NO.%F frel@ 23S vehfie], Akl
HE JFge e WrIededel e Aer £
AHEIQITh 654 o)A e AUAEET F7HIA
2 654 viRtelM e Abgel folt dFE A e
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Rog vyt Z dizlegede 58979 ¥
T AbgEstete] RS 2ke W, NO& ¥
RHE oA S YERASIT

ZE : o] AN FAITAE NO, SO,
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e 5979 NO% TSP7t 43¢ J&E v
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e Boh 3ol A Ak mRHl @
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