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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 (O,).

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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g5e Ag SO,7F 0.043 ppme& 7183 7|=
¢l 0.03 ppm ©]3tE ZIsATHEA S, 1997).

o] Ao EAXL A TSt AA FF
o] tirledde] Q1T AbEd dEgE v
A5 ZAFSE] 712990l o ek Ao oihs gk
718N ] 71 2R R o] &8t} sFiTh

' rtr

Chat 2 g
1. A7ChA W AFXIR
1) 7| 2EXI=
£H7]0°ﬂ;<} = Al AR HeAe] 6 A

TS5 aollA 1993 FE 1997 P | S Azt

CLCiTALL] B 240] e AtZoll olx

= Y& (1993~ 1997)

H #ASAEE ol &Sttt 6/ AE
A (g, & 2bA), “%7‘1@(% A
(old, =)ol X =] Utk FHIFEL SO0t
%””ﬂi), NO,(e]Akstd 2), CO("a]éﬂ-Fd'Zt)
) TSP(ERH5%), PM,,(mAIER) 5
AR A2 5
0}04 ﬁ?ﬂ ToAth ti71ed S84
ST SO0, A E 3 (Pulse U.V.
Fluoroescence method), NO,& 3}aratd
(Chemiluminescent method), COE B] &4+ & 9]
A B9 (Nondispersive infrared method), O,
2 AYX7F=8(U. V. Photometric method),
TSPE ®lERd & (B-ray absorption method)
= AFESIATH(EEE g7 A S, 1995). SO,
NO,, CO, O;, TSPE= & SH4&olA 49 Az
H S o] &38te] HA AIEE FdS 7ok
on, 0~24A74A] 249 9] Azt B g &
242 o]l o4 i 7okttt COw 8AITE 3
T, Oy WNRE B 5 Hagks 78k

st 77
[e=]
o

=
=%
). ¥4

D%
3 =4
9

ﬂll

2) TIMAt=E

NgARE AE AT P 71339
1993~1997d7tA1 9] o #AZSARE o] &3ttt
(1783, 1993~1997). 718w At Uxist
A Qusel rlegd oI Ao EAE B}
g v S ek o@ nHtES wPe] Sl
BEAR FoA QE FI e, BT ANEE, B

T F5< oldsiit

S

3) AHRLE

At AR S FAIA A AR AL EA
1993~19979] ARIEFE ©|-&3t9tt. 1993~1994
WL ICD 9(International Classification of
1995~1997d2 ICD
10(International Classification of Disease,
10" revision) /& Attt AFUld7IHE
& ATFA A B BE AP ol FAMESTE
JAAHICD 9 code 800~999, ICD 10 code
V01~Y89)E AlQdatsion, sf7IAdSe= <
gt AFg2 ICD 9 code 460~519, ICD 10 code
J00-98°|H w3 AASe 2 Qg AP ICD 9
code 390-459, ICD code 100-99Z o]-&3lit}.

Disease, 9™ revision),

237



cHetatgelstslX] Al 12 # A 2 & 20004

71 el g A

ok

o d¥E wdFel o
2 17] 919 6541 o143} 654 o= Lpo]
St 19954 o] % vhaeiAle] AYH 24

o AbgSE $A0 o g8hA) kgt

Himi

AAIE (Time Series) A5 A|7ke] &5
ANES T A2 Al
o] Agoltt, AAIGAR A A WA 1
%J% AL TR ol
ol o717 AR 429
HAE ¥ 7]'5H°F gty GAM(Generalized
additive model)= €3} A 23 (general lin-
ear model)o] tite=A] v]HY JPHIARY
(nonlinear additive regression model) S 2%
7]
G

e 2
2 L

o B W% X R
off &
o k,o 1—?—'
AT
il
tlo fo
M fﬁ
= (o
At
r°" .
;

B3t Aol 7Fedtth(Hastie, 1987). GAM<
ok Ao HE D Al AR Bang w
AP A RFAL BYYE LD

& olguTh B AToIA U0y ALt A
argeen usge o =
Al ©

G &l %

Lo rz

o] GAM ZollA Fols ﬂ?](poisson regressmn)
o] &3, & AFolA meg FolF A
J=6 + Si(Xy) + -+ Sp(Xp) o]
7= = AP,
.ol o

o folslel mEel WMAYHE ART

_,>;
oo o
e
o&’z‘,
mﬂ
%0 ook -
o<y i
¥ Sporfr o

ol
-

R

A2l loess HES
t}. loessE moving regression smoother 24 715
153 T (weighted moving average) & d4ksA|z1
Aotk (Schwartz, 1999). A=l g H&(scat-
ter plot smoother) & 34l lowess= robust
locally linear fits@ 24 AME4E 712, F%, o5
of HEZY qredE o8&t HFAIIH, S
functions loessE lowess2] 7dS 23441 o] 4o =
A2 7 doltk(Venables & Ripley, 1994).
717484 At digh ggo] FdS A e
AT = 4‘”011 g 71738
o] JF& BAE] Ho}oi o o

[

=

[<]
= < IOWQSST:_T E3q
el U HE 5°]7‘477}7<1«] Z]OEET%% A E

(B o b ot

ok, Z Vg esEE QAW E (residual
deviance) S HAE 3 AlAH(lag time)E A%
stod 71 Age 2y-S Ak

E AFolA o] 83 AEE AR RE A
FA A-ETSE B Hal A=, 95 vy
‘i‘Ti} o}“dr

O:

BErde Jog(d¥ Ay
loess(&%) + loess(dUlHE) + loess(F%) + W
o tig guig + Lol thE e + 2dd
gt ulis + Fdol vt guHao
AAGA 259 A & s mEdlor &
A7) BAE 7] kel Al oig
A8 L 7R AFAI7|a b F AP
2k o] zhatd] gk A3 agrs e A1Es

o] EAFE Hrtelitt. 71ERd & ?ﬂﬂ& o

71H4#)= intercept +

2t eA=dS iy B Yol edede] %
< AW ET T3 Abgel] dig 1‘41 l od=de]
AQEIHARS #Z] flste] FLFH 5L}
A AAEIHES AT, o] BdA I AlF
£ o] &3t edEdo] St whet APgAL Sl
nA e U@ =S 95 % AE TS T en,
AR EE = FYoT. AR e A=

233 SAS version 6.12, S-plusE |83
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1. A2 st F0

1993~1997d 714 5§k & Aol

olgd 9
THES Fo SIS AT S Bt A
G 23.4%el9th 654 ol¥el AgSE QB

13.69elAa 6541 mgke 9. 8ol A<l
HEZ uprolx B 3| AES ez Q1% Al
= ¢ 6.6%, =gV|AAEo R QA3 A=
1.8l 7| LG Z2ZA3%Q SO, NO,, O,
CO, TSPe| UsT ¥=r 217k 28.2 ppb. 24.6
ppb. 29.9 ppb, 2.3 ppm, 83.0 wg/mro]ATt. &
P == 14.2 €, BUsEs 61.4 %, 52
2.7 m/sAtH(Table 1).



Table 1. Distribution of daily deaths counts,

o0l & - ti7Ale] tHr (20|

==

[eX)=E]

air pollutants and weather in Daegu, 1993-1997

Aol olXl= H&(1993~1997)

Percentile
Odorants
Min. 25% 50% 75% Max. Mean(SD)
Mortality(deaths/day)
Total 10.0 20.0 23.0 27.0 43.0 23.4( 5.3)
Age = 65 yr 3.0 11.0 13.0 16.0 30.0 13.6( 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 2.701.2)
Air pollutants
SO, (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/mr) 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, Oq CO TSP  Temperature humidity  speed
No. of deaths 0.094" 0.116" -0.068" 0.101' 0.050" -0.122° -0.072"  -0.036
SO, 0.685" -0.273"  0.756' 0.777* -0.388" -0.146"  -0.298'
NO, -0.176"  0.620° 0.598" -0.396" -0.131"  -0.427'
O, -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<0.01
0 Al A= nE B2
2 Almai 9] £ AAWAE Yepilen Umx] 2E ¥
& 9] AABAE YA (Table 2).
i } o = ] 3Z 3T \ 1) e
Ae BE dledSRAES duAs of ity
0.050~0.116 2.2 tha FaAdAA7E dden, 15
O w9 A#AAAE B3t SO,= TSP 0.771 713840 AAaTsE A& 98] Gl 5
o m$ T2 ATAAES YERIen SO, NO, 479 AaE 2dd Y& Ay} 7] 29
CO, TSP A2 3be] 4BAG) 0.508~0.7712  Atlgme 4948, F5& 1940 71 Z9H
A AHAAES JERIT. 02 259} 0.570 Aoz yeht 7Erde IAAY. a8 A+
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Fig. 1. Daily number of deaths in Daegu, 1993-
1997.
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Fig. 3. Autocorrelation functions for the daily
deaths counts without fitting,

o 7|ERdL log(¥d A1 7Idl4) = intercept
+ loess(2%:lag 2) + loess(dl&=: lag 4) +
loess(%:lag 1) + Wkoll tigh G + Yo
gk uRe + adol tigh Tin]Hs + Fof o
g GuA g =

Z1ERdo] 7] 9 Ad¥ES EYHoE FA
st A=A B7] 9ste] AE =AE 2
Aot MEo] gyroz AAE AL B 4 99
(Fig. 1-2).

AAEARS] #7174 (autocorrelation) o] &A
£ alZds] Sl 2l AFAINA F2 AdE <]
A AR} o} 7[2Rdd AT F T
7zt A GRgrE ARt 2l A3AI71A
B HE A A= Ayl Aol ot

(Fig. 3), Zdlol] AgA7I & F zbape] 274
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Residuaisibaseling model)

JANG3 JANDE JANGE JANES JaNgT JANGE

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

Confige nce Limits

10 Bl coermicient

Lag Number

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

4. tir|2Hel I

S shy 7|Ende] ¥IAZAS u)
AP A9 29 S0, 100 ppb 5718, CO 1
ppm o7t AU¥d=rF 242F 1.09(1.07~1.13),
1.03(1.00~1.05)¢| e, Fdz} zdel NO, 10
ppb 27k AR =7k 1.02(1.00~1.09) 4k 65
Al ool e Bdy ddel NO,o dusld=rt
1.026, ¥l SO, i E=7 1.012 F2lsH)
7. 8714 APge 2] CO9 Ay
=7F 1.07T2 fefaton, 3714 AP 54719
TSP, 5449 NO, 9 #ddd=r} 247 1.15,
1.0622 FAMYAE e g 3190S wol vlsl] &
Zo7 Frketnt. 654 miRtelM= FANE, &3]
ARSI sENAZATCR G Al tsle] RE
L2 F o} folak ARl IAtH(Table 3).
AR FD 713 ers BAS F9 74 tr]led
S5EFge] H ) AbgEUte] HAGE Bk
= o

o
beddrm A5 AdHem
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0l0lg & - Al tH7| &40 LY AlYo| O|X[&= P (1993~ 1997)
Table 3. Relative risk of mortality in relation to cause of death
Relative risk(95% CI)
SOZ* NO2** OS* CO*** TSP****

Total deaths 1.09 1.02 1.02 1.03 0.97(lagd)
(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(lagh) 1.06(lagb) 1.01 1.05 (lagh) 1.15 (lagh)
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(1agh) 0.94 1.03(lag3) 1.19(agh)
(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(1lag4) 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,

of 1 ppm of CO

of 100 wg/m¢ of TSP

¢k ok

ok k%

Relative risk of death

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

Fig. 5. Relative risk of death by quintile of SO,,
NO,, O3 concentration

=

Yelligler O, TSP=

[e} R =
9] 5RAGNAT Abe] A9t FUlek
t(Fig. 5-6).
LA
of Aol Aol FFE WA £ sl A1Ee
Azt Aw, AR, U, FLEL BAT Foll @A

Relative risk of death

COo100

© Tsp

2
Concentration of CO (x0.01 ppm) and TSP (ug/m?)

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

00

E ALk Aol diste] dde SO, 100 ppb &
72, CO 1 ppm 3719 AU =rt 2z

1.094, 1.027°10eH, B3 dde]l NO, 10
ppb 71 U@ =7 1.01601H. 7]
A AFEE Bdel CO9 = 1.07= ¢
stem, 574l A 5] TSP, 5¢%le]
NO,° =7t 242k 1.15, 1.0622 FAMY
A tde® sigle wel Blste] 2 Fom FUt

i3
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TE AL 2 A7) i dTe AR Bel
2% Holoh(BAIA, 1996: 3941, 1997). ©]
e st A7iE7IEet ddAer Abgol
7S Aem F58 5 gt

Aol 67 S e SHEel Al dA <]
Ao 7| edS dobt 2 dEx 31%7}7} %}1

3 EAQ1 Z

& A¥EHA, SO,= 3G 0.39~0.71, NOZL
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