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Objectives: To reexamine the association between air pollution
and daily mortality in Seoul, Korea using a method of meta-
analysis with the data filed for 1991 through 1995.

Methods: A separate Poisson regression analysis on each
district within the metropolitan area of Seoul was conducted to
regress daily death counts on levels of each ambient air pollutant,
such as total suspended particulates (TSP), sulfur dioxide (SQz),
and ozone (Os), controlling for variability in the weather condition.
We calculated a weighted mean as a meta-analysis summary of
the estimates and its standard error.

Results: We found that the p value from each poliutant model to
test the homogeneity assumption was smali (p<0.01) because of
the large disparity among district-specific estimates. Therefore, all
results reported here were estimated from the random effect
model. Using the weighted mean that we calculated, the mortality
ata 100 ug/me increment in a 3-day moving average of TSP levels
was 1.034 (95% Cl 1.009-1.059). The mortality was estimated to

increase 6% (95% Cl 3-10%) and 3% (95% Cl 0-6%) with each 50
ppb increase for 3-day moving average of SO2 and 1-hr maximum
03, respectively.

Conclusions: Like most of air pollution epidemiologic studies,
this meta-analysis cannot avoid fleeing from measurement
misclassification since no personal measurement was taken.
However, we can expect that a measurement bias be reduced in a
district-specific estimate since a monitoring station is better
representative of air quality of the matched district. The similar
results to those from the previous studies indicated existence of
health effect of air pollution at current levels in many industrialized
countries, including Korea.
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Table 1. Daily average concentrations of ambient air pollutants measured at
each district of Seoul, 1991-1995

Daily average concentration (SD)*

County

TSP* (ug/m?) SOz (ppb)* Os* (ppb)
Jongrho 742 (41.3) 25.2(18.5) 35.1(26.0)
Yongsan 124.2 (74.7) 25.0(23.2) 32.5(20.0)
Seongdong 126.3 (70.5) 31.2(34.3) 349 (22.6)
Kwangjin 80.1 (44.2) 16.8 (13.9) 33.8(21.8)
Dongdaemoon 819 (41.2) 30.8 (27.7) 27.2(18.4)
Joongrhang 95.2 (39.5) 252 (17.5) 26.5(15.5)
Seongbook 67.9 (36.5) 37.129.7) 32.2(19.9)
Dobong 116.5(65.4) 31.9(28.6) 37.1(214)
Eunpyung 74.1 (35.2) 22.1(19.6) 324 (17.9)
Seodaemoon 102.5 (60.1) 28.2 (30.5) 32.0(229)
Mapo 85.4 (41.8) 27.6 (24.6) 29.6 (20.2)
Kangseo 852 (445) 18.8(17.2) 299 (22.1)
Gooro 103.0 (54.7) 28.1(26.4) 33.1(18.6)
Youngdeungpo 75.0(43.9) 37.7(29.8) 28.6(16.3)
Kwanack - 149 (13.0) 29.8 (13.3)
Seocho 108.3 (70.3) 19.1 (15.7) 33.8(21.9)
Kangnam 66.1 (32.8) 239 (16.9) 25.8 (16.6)
Songpa 86.9 (47.4) 23.1(19.0) 36.3 (22.0)
Total (Seoul) 92.5(42.9) 26.0 (20.6) 324(17.0)

*SD, standard deviance; TSP, total suspended particulates; SOz, sulfur dioxide; ppb, part per billion; O3,
ozone
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Table 2. Estimated pooled relative risks and 95% confidence intervals for 50
ppb change in daily 1-hour maximum levels of ozone, and 100ug/m:
and 50 ppb change in 3-day moving average of TSP and SOz
levels, respectively

No. of Relative risk (95% Cl) ,
Pollutant o . p value
districts  Fixed effect model = Random effect model
TSP? (100ug/nrv) 17 1.033 (1.021-1.046) 1.034 (1.009-1.059)  <0.001
SO2 (50 ppb) 18 1.051 (1.039-1.064) 1.064 (1.030-1.099)  <0.001
05 (50 ppb) 18 1.024 (1.011-1.037) 1.029 (0.998-1.060)  <0.001

* 'p value from 2 for homogeneity.
TSP, total suspended particulates; SOz, sulfur dioxide; Os, ozone.
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Fig 1. Estimated individual district and pooled relative risks of mortality
associated with increased levels of pollutants: A. Os (50 ppb), B. SO:
(50 ppb), and C. TSP (ug/ ).

& 1.0290|glon} A as) BYolA F
ARLE frefaha] FH05% A&7
7+ 0.998~1.060).

¥ 12 7 R 34
(RR)3} 95% 41372}
02 23 4% d
random) A} -¢18}7]

ria,

o2
=

>~

it

of

~N mflo

O

=2 Og L
92 3% EY(sum
o)

ASs R F1
Atk TteHTEAE BLEY E¥(sum
fixed)? APEH 2F9f Ay} 2 A

% % gt
22302 $440 JugA g
Ao A9ES RYel P4En B
Juct Byt 2 A0 S,
Aol w55 e ANBTL G 5
itk Eel st 2o] AYast 2y 2
BANE B10dH e FoE 4

1 %

Yoz fylegst 4T Aae
ARNe297p} ol Foi44 ke 4
AN HAel e e 4L v g
3% 3 e Qe E58n
e 9uele =249 Urleq 4
NZAL 4R g2 YERE UF &
A, AEAMeA Aghoz BEe ¥
ol nolm gt WedEg Y2s
o SYIE WREEUE 4 24
o 45 BAE W) 55 249
fel 1A% 2NN BEd B
B0 A2 59l el QAR
B 4B E49 GoIN Aol o
3, RourkE QYHOE AT
o BE ATWIAS B AoleE
WE ¢ % girks HolA EReE
b GNEYYY ZAARE of
g 997 Yt £ Qi3] odEE
NE0e Fels B 2 A
3 AEsled a0 seh Aol
FNYOR Bt BYT RAoT 345
o, olel® 4 thEo) A7 A &



oxt
M1
-
L
rir
>
hul)
X,
30
rir

e
ol
=2

=

i 0,
ol

C{ﬁ-ﬂrlr
=

Hz 8L o e gt

B
(E- =AY O Y

fu
S
gg =
X
T

by

Irr

oL y0

Sl oX
2o
oo fu

=
o r
o

QL
>,\1 l"kﬂ.l'm

s M og rr 2 o e

A s ¢
AL NAEH &4
d(Pope¥} Schwartz, 1996)3} tff7]
A9 g FAL BR3sle Aotk
FolAs} 0] 3 AFE A
240l <j3] SaEi5on), 53]
FaAstd A AYs 72 Y
S

2 N to
e
o}'_,

Fﬂi re

]_

iy

k3

],

49

r o
P

4 deeds s 42

= T =
}\

N
-
(N
.‘

A
s}
Q7oA 44
K

gs} 1@}47}47}7:]]7} qgom, A9 +

of 719 dAFx st FYT FFolF
T HAM A $E9 d7]edwst A
Aol JeE wHtky & F 9lrk o
HE 282 oW A7 Ajtoz A
AE AL oftl. Bates(1992)7} A3
u}o @o] E3) 71999 ATl
29 "B & o712 d% Ay
BRES M& 3& FEehed v T2
3 2%lo] "} 50 g AP A 9
71 gA A o] F FHEUY o A
FEo] WS FAR AHE dAHA A
ABt glow, o]ajdt UFALL Zpzte]
WE A7} 2 AFHAE Brein

WL By A g
BB FT B HEE S

|o ol
11
S
N
>
b
g
5
9.1\_.
M o x L

[
Kv)
i
[
o1

ox u N =2 X au bR
BOR1OB R

o
30,
Hjo
tlo
>
S
k:l
i&
Rl

@9 ehy 23t ehgae gu
stedl glold $A4EZ At na
49 FR0z o849 + Yy B A7
AN 34 7o) 7|25 9IPE 2). o
E EAe 232 dussed g
o AHFH B, F AATEA
2 07129

IESE 3 ANFAY T
A3 A Aojr 7z 7
TA3 KHE}O:] Eﬂﬁ* & 7 (random
effect) 3% njsolol dthe RS
Uehdt), o]9} 22 A= gy A7)
A AEl FoflA EAHE =

%
Fh‘.’

71895
ke Aol 2t TRE A}
Aok Al 7)ddda 2
EQA oA t]7]2A
o znle] 7] 9%

o

_\|I_,

2 mL
4|

o X U ¥

]

b o
wo B -
m¥_‘ Flf };O
rm “

N'
o_|>_’, _l{)lv

%

m{

B AL 71993t 27| Aake] ATA o7 181

she v ofdl Age 19 @ S
S Aol w2 ATE 7t e
A72ae) Woj2 1A ALEAE
39| A2 ANsgon, 1 A% 0F
& g el g Aoz Wiz
U FR4EAT kP2 AE
AT 0% FBBAT} 9&E

olgel = ZgHojof & AA=M B

21: =E97

.,_.
oR
of

il
~
ro wk
ol
o
X2 oN

,ﬂ
!

o,
(o}

Y

-

()
(o2

ey
O
=
N
2‘-5

P
>
%
o
o
sk
S
S,
2o
ke
o
K
L g o2
[2x
o,
e
=

F23 g v A A=t
o) A) 1930 9] A 1950t] Alolel] wrAba}
e dae 7|2 QAAL AFE o
3 7). 93l oA A7 gte] AATA

Table 3. Estimated relative risk of mortality and 95% confidence intervals

associated with increases in the levels of TSP, SO2',

and Os' in

Seoul, 1991-1995, using various analysis methods

Relative risks (95% Confidence interval)

Study

TSP (100ug/m?) SO2 (50 ppb)  Os (50 ppb)

Population-based time-series 1.051 1.078 1.015
(Lee et al, 1999a) (1.031-1.072)  (1.057-1.099)  (1.005-1.025)

Case-crossover design 1.010 1.049 1.023
(Lee and Schwartz, 1999b) (0.988-1.032)  (1.016-1.084)  (0.999-1.048)

Meta-analysis (district-based time-series)

Fixed effect model 1.033 1.051 1.024
(1.021-1.046)  (1.039-1.064) (1.011-1.037)

p value for homogeneity <0.001 <0.001 <0.001

Random effect model 1.034 1.064 1.029
(1.009-1.059)  (1.030-1.099)  (0.998-1.060)
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