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Air Pollution and Daily Mortality in Seoul
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Objectives: To examine the relationship between air pollution  from respiratory disease and cardiovascular disease were greater
exposure and mortality in Seoul for the years of 1991-1995. than for all-cause mortality in each pollutant. After ozone level
Methods: Daily counts of death were analyzed by general  exceeds 25 ppb, the dose-response relationship between mortality
additive Poisson model, with adjustment for effects of secular  and ozone was almost linear. However, the effect of TSP, sulfur
trend, seasonal factor, day of the week, heat wave, temperature,  dioxide, and nitrogen dioxide on mortality might be confounded
and humidity. Pollution variables were ozone, nitrogen dioxide,  with each other.
total suspended particles(TSP), and sulfur dioxide. Conclusion: Daily variations in air pollution within the range
Results: Daily death counts were associated with ozone(1 day  currently occurring in Seoul might have an adverse effect on daily
before), nitrogen dioxide(1 day before), TSP(2 days before), sulfur  mortality.
dioxide(2 days before). The association with ozone was most Korean J Prev Med 1999;32(2):191-199
statistically significant and independent of other air pollutants.
increase of 100 ppb in ozone was associated with 6%{95% Cl=  Key Words: Air pollution, Daily death counts, General additive
2%-10%} increase in the daily number of death. This effect was . Poisson model
greater in persons aged 65 and older. The relative risks of death )
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AER ] ALY —’E(quartile)% 7120z  Table 1. Summary data for daily deaths, pollutants, and meteorological variables
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R L eI x}# o BAL ¢j3lq] Min.  10%  25%  50%  75%  90%  Max.

SAS(strategic application software)  Deaths(No./day) 89.3(124) 58 74 81 89 97 105 164

. : Resp. Deaths 4823 1 2 3 5 6 8 14
version 6.12(SAS Institute Inc., 1996) % ¢ oo beath 28766) 11 20 24 3 3
S-plus(Statistical Science, 1993)Z AM&  Deaths(>=65  51.7092) 28 4l 46 51 57 63 108
H9:d 429 Bale 22 SASE o]  Deahs(<65) 37565 18 29 33 37 @ 46 60

z o= Temperawre(T) 12609) -1L1 -1 36 137 216 249 330
fasle = _
8Ot ALRE general additive Pois- v 655(142) 276 460 555 656 763 839 974

son modelo] AGFA7I= AL S-plusE  Os(pph) 318(166) 49 144 203 285 403 540 1086
439t NO-(ppb) 31708) 97 198 246 307 379 451 685
TSP(ug/m’) 928(430) 225 449 610 850 1157 1496 3234

041233} SO:(ppb) 27.1(228) 38 78 115 196 346 570 1677
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=T T == Fig. 1. Time series of daily deaths(A) and residuals after fitting of baseline model
(right skewed)E Hol=t] JrjHoz which includes all confounding variables(B).
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1;12)21_ AEdd spte e 23 Table 2. Pearson correlation coefficients for variables in analysis
Tab. 1).
. ic T
B g SE 01] }\} % %1 % 1} 9] g ‘ff)é} Temp. Humidity Os NO: SP SO:
= 5 Deaths(Total) -0.298 -0.165 -0.145 0.158 0.103 0.203
BAE WA 9EL VIR UH'?‘ B Temperature 0422 0.597 -0.278 -0.208 -0.561
ABBAE "ol 9)al, TSP, SO2, NO2 Humidity 0.040 -0.174 -0.061 -0.201
= H = Z_"«] A} )7} 7;“ 7]. 0.62-0.772 “H Os -0.070 -0.050 -0.383
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Table 3. Relative risk of mortality in relation to cause of death

Relative risk*(95% confidence interval)

Ozone NO: TSP S0:

Total deaths 1.06(lag1 # 1.07(lagl) 1.02(1ag2) 1.05(lag2)
(1.02-1.10) (1.01 - 1.13) (1.01 - 1.03) (1.02-1.08)

Deaths >= 65 1.08(lagl) 1.13(lagl) 1.03(lagl) 1.08(lagl)
(1.03-1.13) (1.05-1.21) (1.01 - 1.05) (1.04-1.12)

Deaths =< 65 1.03(lag5) 1.04(lag2) 1.01(lag2) 1.04(lag2)
(0.98 - 1.09) (0.96 - 1.13) (0.99 - 1.03) 0.99-1.09)

Respiratory 1.12(lag5) 1.36(lagl) 1.08(lag0) 1.26(lag0)
deaths (0.97 - 1.33) (1.10- 1.69) (1.03-1.14) (1.10-1.43)

Cardiovascular 1.12(lag4) 1.15(lagl) 1.04(lagl) 1.05(1ag5)
deaths (1.05-1.19) (1.04-1.27) (1.02 - 1.06) (1.00-1.11)

*: effect of a 100 ppb increase of O3, NO2, SO, effect of a 100 ug /m’ increase of TSP
#: (lagx) indicates the concentration of pollutants from x days before with the best fit

Table 4. The effect of pollutant on total mortality at different level of other pollutant

Models (%‘t’gﬁ'cho”r’) tvalue RRH(95%CI?)
Os effect in one pollutant model* 0.00056(0.00019) 297 1.06(1.02-1.10)
with* NOz 0.00051(0.00020) 2.56 1.05(1.01-1.09)
with TSP 0.00047(0.00020) 234 1.05(1.01-1.09)
with SOz 0.00057(0.00019) 2.92 1.06(1.02-1.10)
NO: effect in one pollutant model 0.00067(0.00028) 237 1.07(1.01-1.13)
with Os 0.00062(0.00029) 2.19 1.06(1.01-1.13)
with TSP 0.00047(0.00031) 1.49 1.05(0.99-1.11)
with SOz 0.00058(0.00030) 1.92 1.06(1.00-1.12)
TSP effect in one pollutant model 0.00019(0.00006) 3.04 1.02(1.01-1.03)
with NO: 0.00019(0.00006) 3.04 1.02(1.01-1.03)
with Os 0.00020(0.00006) 3.25 1.02(1.01-1.03)
with SOz 0.00018(0.00006) 291 1.02(1.01-1.03)
SO effect in one pollutant model 0.00049(0.00015) 3.29 1.05(1.02-1.08)
with NO:z 0.00049(0.00015) 327 1.05(1.02-1.08)
with TSP 0.00047(0.00015) 3.11 1.05(1.02-1.08)
with Os 0.00056(0.00015) 3.68 1.06(1.03-1.09)

*: Log(expected no. of deaths) = lo(temp_lag2) + lo@th_lag2) + lo(date) + daywk2--daywk7 + hw + pollutant
#: dummy variables indicating 25 percentile, median, and 75 percentile levels of pollutants for each day

&: RR, relative risk, effect of a 100 ppb increase of O3

@: CI, confidence interval

aev AF7IRE T AEFAR o oy thedd] AR ot Ao
TR FAe QY AoR=FHEdd,  #uEAo] Q) wEd B Ao] of
1996) grdslo] ofd gt ;e ak] Uzt Abgel YFE TlAle 2409 A
gtk olgA T4E e AREE  AUA vl ST BE Aol B
Brretr) stel FAERE 2B 2 Bk & B0 71 AFA el o
3 A7PA%H 1ol $59 4%l FE AT Aoz dEA JEd oA
Z SAHNSE & 7 QAT wEA B 9 713 959 7|2 Afold] 4R
A7 A7t AriiFold AREE,  #AAZ SA] dEdd 729 4%
7pEelel & Ad sbsde A ¥ & e oA AR o} 259 A
& Aoz Addi(Fg. 1). a5 Atolel] FHRBATE oA o E I

A APER i AZ 7] A7 sk Aol b Abgel 9EE 1
Aol A ojHg EAL e A Axe 8L B AT BdoMe AMY

A 9] A1l B gojol 2
Aol & Aol wde) 4gA)

Mo W oo

1A
AEAME #3E + 9ok 120 o
499 A £7 3 R



196 AzxA - =53

T ol Fo) AR 5o R
AVgR BRE TeA AR 5o 4
Vgl A% EAREAS B,
gelo] AN F S owl Al
3 9] A7) B A ES &
STk Fig. 3). Mo B AT B
2 /12t A o] Bl A}
B4 59 AR BEe 71253
2 bsHe A8 Aow 4ZET,

2 7o A8d rled Aas
W29 A5E4Y 2ol of 2
EREAN BRI
Qe 4B B A2 Bt
= AL S ofele Poltk A9 A
S5 WA AFe AN A9
712, 42 34 Sn2 Pz 0 74

o

2 A
O
iﬂ H% )\]t‘:lg,] /\1;.“ Eié H]—WH 21-

el glg Aoz A9 ey
Qv 3932 F9] AT B A
B, Aot selasl 2 vl 44

‘?:_1‘%‘ 71989 XIE T 4ikEe
TSP, NO2, SO2+= 244 7F 9
St Q&L A7 H A 9] 2
$eheu drlede] AR So 37
iaﬁ-a—],_‘:_ A(E%z‘sl—x%o] 7];101 ﬁLaz;}
@7] Ao ol & x| g4
3 Asle EAR I e 219
t} e o dEA 9 U= W3kdiumal
variation)E 2 W 2&L A9t HA
A9 Aot FEAAE FEY(uni
modal)S UelY oz 24x7 HHEAE
Ao Ae Agad 92 Aoz BT

;o i

o oo ot 13
2 . R
S

tlo 2y rif (g A

Y
—llN’ oL
=%
o

o

ey

— o
&

% 1g
-
ret
ol rir
2
N
o
=
N

E 0.15 @
g 3 005
jo)
o Qa
5 0.10 o
[}
5 =
k] 5
i | . i
g 0.05 . 2
R =
] ©
T 001 o
2 =)
] S
—

1 O éO 36 40 50 60 70
Nitrogen Dioxide

o0 W

£ £

g g 010

2 005 a

o o

2 5 005]

o 00 b

2 2 001

k& 3

[:1] Q

& 005 &-0.05 1

o o

- T T T T T '} T
50 100 150 200 250 300 0 50 100 150

TSP Sulfur Dioxide

Fig. 2. Nonparametric smooth of counts of deaths versus the concentration of
each pollutants after controlling for long-term temporal patterns, weather
variables, day of the week effect, and the effect of heat waves by general
additive model of Poisson regression. The solid line represents log of rela-
tive risk as a function of pollutant. The dashed lines are 95% confidence
intervals. The density of “pile” at the bottom of figures indicates the
amount of data available.

@ 404

0.8+
064 |
w
[}
< 041

T

0 5 1 15 20 25 30
Lag(days)
(B)

1.0
0.8 A

0.6
I 04 ]
0.2
0.0 frtobazreeberoocneroeons oy S B S U NS 1 SO R

0 5 1 15 20 25 30
Lag(days}

Fig. 3. Autocorrelation functions for the daily deaths counts without fitting(A), and
for residuals after fitting(B).

ABER B2 BEAE T8 Fol 7] 5] A A BEe A,
7

ThA] 24412 Hit& ok AlojthMool- & A A] ALEg 7|9 AaE
gavkar g, 1996). A &A19] 55T AT AL FU)d| gigt AEo|x A
Ae 71719 13old Fejz et 2 3719 2 AEE A whdEol 9A)
227} B i AEXE £33 %t} Spengler 5(1985)2 HiAHoR
(cluste)& o]F0] TSI Atk wep  AFES 10% Pk AZets Aol
2 A7olAe 2SX 9 S Haslst A Rula diy] Fo vARRY TR




~
o=
re

O

Zz9e guske Aot Un
g u} glq_ T3 NO2= ui\lzg]
T3 Al Bo] A
ol Aol SA4F A7} A
g Hlgol o ¥& Ao

i

Ce & g N
r=
oR

N
oxl
o,
e
iy o
N
ofN
=2
_)L
oY
o
r
PO
[
>~

u,
to
gk
it
o
il
Y

o

< iqo_ rir
ek
N
o
it
to
ol

=2 )
J\-ﬂ‘%
L2 =
> 4= o
o e O
, 12 0o

=2
rg,
z
o
lo
fru
oft,

t o A oo fo 3 Ky o N TR
o § >

to,

I

Ku

r
e}
ol
>
rir
=
—o
fo 9
2 o
A
o
1z
e
rlo
o

ol A74le) o)
A e 97 4 5
Sojot & Al
ERSER P A}w X
75°1H A3 38 A
E’ﬂ

ro i o

o A E S G A
Bt = gled w8 H‘EH APMJ.
£ 19663-1970 0 = 37.3%% vi¢
wihout 1970 o] 77 A3t
o] 19870l = 9229714 EolATHA
0] 2 1989). 1991 0] Foj = o] KL} A
0] O Folle Ao® § XEM Zl
ARE Qg Fo] 9l

L8

o rg }il

() g&

ol 1:]
-im

i

4
oy 30 Ho u - > b

rir mlo

op7)el| Abaket 7 9ol
A 22 I o R i
g 7ol ujg =t 1989
ozl oM Golrlel AT
AN g0 37% AL E KB
gur( o305 1989), A4 oj=
4717} o AAo
iﬂ AP el A e
& 18 A4 %2

o
[RYVE =
=

O
EEF—?‘J&HU
o 9

e
m

.E

d L 2k
VA kv

=
a

°]

RO

%)
EUN
o

[0
2

(e

il 2L €N
r)J

flo fg dr o
U

7|8k Abgl 28t
vk ApgRtE A AL
R 4318 7) og ;azag_q

o
i) _Jlm

- M
ACH

=

)

[e

= =2 o orlr
> —-{O
_i

0,

BT > o r

oL

>
——

E
__1_4
é
e
z
S
>
IJ
ol
™ o
3o FXL
uf Jm

AeAlY diZleqist 4 At o) B

el $RHA o
94 9 B oy &
H 14.5%¢] o228 A5
| A3 449 Sk gt @

(B, 1995). w2ty 2 oA
0 S 0950 G

H

X

24
D>~
>

ol

_):I_‘

o, o\

3o 1o Y rlo Sk
o,

% 302 Az
¥ @79 o] B 9 AR
AA A 24 G g S
WZ Aol 418 $ARYL 9o
A 2 AEss 33 ol
ek At A%l ate) An
A7 A PR
A 5 QRAIS A3 AL 7]
sk Aol Yome Ysk AU 5

o |o
i
Jki
2 ojo
_O|_‘
g =
r—{n
é“.:
i

to

jateA
_L
>

=)

2 Ve o, 25 ppb o]4 4
dNe LEFEIL S ot A
o AUNE =Tt AgAeR %7P3}E
4 2012 9 ol3ie
SOo, E: TSP 52 9%
o TR R ¢
ek dheb] & Aol £
e Y& Q9EZd 9
% £l Faolge A
Qo] A 59 A
3H/‘1—L‘ obd & W A7t H YA @
FHo|t). )=o) LA A 19708 YLE]
19796%/“] APRALRE A g el A
T oFF A9 0E FEIL U39 A
2 ol e dde vAE Aew
YER 2 W (Kinney & Ozkaynak, 1991),
Anderson £-(1996)0] 1987338 1992
WA 9% 99 AUARE PR

o‘:’ k1 10 mlru

L
fu

EE
Mu
b
o 11
w Z

rL

Wi -
oo

o

rh

lo,

A7 et

r$‘l

of gt AALH dF 197

AR ME QF AT B FE7HT
ppbell 4] 36 ppbE F7Fste] met At
F7t3.5% 57kt B § UE 288
Aol v|&) Al vl A& FFo| M 2
A etk fEdAE 71y &4
o @532 9e)7) 9o 2o &
9e Z2REES /L FFAT(AIr
Pollution and Health; a European Ap-
proach; APHEA)E Z& F9ld|(Kat-
souyanni 5, 1995), 47} TA|(AH, v},
ofelu], mtEAZ oA o] Foj AT

#4230 o3 47 =) 25
& 370 AR e 27
g rigon Fgel BHY o
FEAANZ Ht o] A7} S0ug/ms
=7t Wuteh 9 AR £7F 2.9%
(95% CI 1.0-4.9) Z7}8h= Aoz e
WHTouloumi 5, 1997).

Q& APEE 23t 71 e
A obd ded vzt gok 22U oF

FEY AFol Hr|Te AAEATE A
of dajM= %e 77 d%e
(McDonnell &, 1983; Avol &, 1984;
Kulle &, 1985; Linn &, 1986), 58] &
Zolle 2F &7 dEAGM &8 3
A3l 0.12 ppm ©)3}Y] F2 FEoA
A7) gag zganks Aol
w32 2 ¢th(Horstman %5, 1990;
Spektor 5, 1991). Lippmann(1989)-2
0.12 ppmo| A 0.20 ppme] 2& Lo
@712 ZEHugE H9 F34(per-
meability)3} ¥H3-A(reactivity)o] Z7}3}
I FEVI1# FVCr} 748 9% vbd-
o] A7tk Mg v 9k

w8 o5 Ee Yool £E71480
2 A% UYL S50 (Bate
& Sizto, 1989; Schwartz, 1996; Burnett
T 1997), S5 W 84 o dge
n| 21t AR (White 5, 1994; Stieb 5
1996)-0] HluA A=A Hus1 »l
th Schwartz(1994)= ®j=-9] Detroitd]
R 654 ol4) w3 ATFE e 2}
3 AN QF wro] Aol HEoz <l
3 99ERR = 1.026, 95% CI = 1.013-
1.040)5% wHHAdsoE g ¢
Y&RR = 1.028. 95% CI = 1.007-

ofN N oR o m\m

ol 7]



198 BzA - =yl

1.049)3} #&o) Qe AR Hug vt
Ak

et & A7t TENAEE
A7 EA 9] 5= FEeA g
she#te 2 71&9 WA &
NA#AEY AHE d8AT)E 7}
ol ~EY2HoE ZEeo] AIGES
ZM2 Aoz AzEY. o) 2Ed
AHABET} 654 o9 wmHdToA
o =4 Jen 33714802 g
AFRES o 2A FMTE AR U
Bt 2 A9 Ao REe A4
o],

NO27} A} 400 WX kel ol
A ofd] BE AT} o] FofA|A] &
T gith wj= LAGjA] o]Fofzl o]
A} Kinney & Ozkaynak(1991)% NO27}
AR} o) el ARRAZ 1 2
S WAoo A £ oha 0 o
B2 WA oK e o

Fo|A 1 gl APHEAE £§8 o179
A= NO2 50pg/m3 271= 1.3%(95% CI
0.9-1.8)9 Algat & 5718 2d8tie
U 2100) o 58 EA0)4 NOoe) G

o] AA Yehgi 4o £ 2o
Ae AUAEErt Zaskes 43S 1
% THTouloumi -, 1997).

2 AP ME NOw 35 2dlof
Me ApaL 9 BAH 0 %943} 7_
4ol slglon} TSPE 93
Zlste] Zdo] TFAZHE A& N
o At %‘iﬂ‘ﬂ A4 °«l
Ao] AlgAth NO:= TSPY SO:9 A
3] =2 4ARAE 7L Q] UH'E"

of £ g Yeld A3+ o2 &

Ao g o3 wHUE 7}*’“
o] glth. wabA NO29| =HA<] 3ol

faide F7HEQ a7t BoE AL
2 Az
71 Q@ AR 9 BACA T}

FHASHA A7t olFoAL e

A& Fxlolt}. Schwartz(1994)
[l A o] Fof2l £33 Apekat
HdAol gt dFES FAA

2 moh koAl

=

_4_4

o

e > de to
lo 2 R
N

A ERAFEE AR £ T4
Aol Adov BAuHAYY ALE
TSP 100 wg/m3 F7} G AYRA} 57} 6%
(RR=1.06 95%Cl=1.05-1.07) $7}3}=
Ao eyt 181 o2d A
o2 AdejM Fgdd AFAME v
?9, SAREHA BEE 1 919 tK Touloumi
, 1994; Saldiva 5, 1995). & &70]4
AX BZ& AR o BAA R
oetA S nFoY H#HA A
= AUARE 1022 9J3Hol 4] 53
Aol A HE 2oz Bty
Aok 2y AeAY AN T E
ok &3 AL 5% WY R(HF 5, 1995)
31 o=z E—i% t’]%p‘ AHABHaL gle
. AR

¥ 3599 F59 &

de ftodo HU ol

= =

X o>
EHN
2
a2
_E
Oiﬂ
4-111

-
e
oL
2,
%9,
uls
ﬁ-o
fru

V_(Ordos) ]( obl)A}E} %Slil?—E}

Jirﬁmm kﬂsﬂﬂo:of

96) A(EEGLHO 0461:0] ;gl% o
2 479w 12 Ao
g mﬁ

Hr_‘m

},

Ae 7 29529 3
Xu *5(1994)0

oA g AT W% NOL IR A=)
o 2 duict AgAt 71 11% S7he
1 23853, Touloumi S(1994)& 1
2)29] olellel| A 8 E AFo)A SOz
o #H BF =gHoR AR FE F
7RG s Haslgln). a3y 5a1 e
2 24 XFHAE W= £ SOz

—

25 AR £ AT T 2
23¢ B 2dd IRNRS dE
S029) K ARAE AL ¥ 1) SOz
o) ik B3t Fe 4B 0
2 oMY el FY= A

(Schwartz & Dockery, 1992).
R REE SRR CERNEE

dAF7F 074i e =S 4

Hoja 9l E:l

Y Hse ”H-r FrAFEH o“&% HolF

e 0

to

o

it

i,

we, to
0N

I3

J

T oo

to

L
Mo e T

X

o
>
jute
iF
e

2 fu

fu & o
to 2o
ne 1o
L
fuc
re

o,
|o

[t
o
i
qod
£ g
to
fjins
2,
L
o
>

>

Y o
2 ox Ho ox X

>
=
&
24
oy

o o3l o pE |0 32
ff;:é;:_a

= d
—— U

= SO29 &7}
of| A RHolx Ay FY3l
1 %74]%4 0_,]/\41: i

o
e

N to
L opR
iyl
X
!

=
ﬁ:{omlm
> r
E.opul
2 =

of)
R
i

P
=,
sk
> 4
fas)
Bl
G
>
>
21',
=2
paca
i)

7)ol QA AT dFE A
FAHOE FA437] et 1991 FE
199537421 9] A EA] AP RS} 7] 2
A28 & general additive Poisson model
ARgate] EASIGT. $-2 vielell A
o]=9] At A npiriA 2 o7
A 229 7Pt AbgAE 9] Ftel
A FEE PlAE RoE HtH
o 58] 2 7ol et B4L 2
Aoz go| defdl A 98 43
Hrpe Q& 9 o] Frednt
= Aoty 9.&& 100 ppb7} F71e
vt} APz $5 3-10% F7H7]E A
o %7}3]915}. QEFR} I
g duit} MEAAAE BAE F4R

r“~‘ 32 o fo {n e

ok 10% B9 F371He Abgo] whAE)
AR 44

olglg dvAze fe v g7)
99 Fyol w7 S0 FAY W~
2T AN 9E3 NO2 5o 93 33}
A AnTg v D e ARLS 7ot

3 o AAae ot Wg At ¥ 4
Stk wehd ozt MY, EE
$39 MEIATA dF 0E9 9%
2 Wk 5 = A5l olofalo} &
Aoz A7, HEe) 9F 29¢ 7
2N % Qe AR BBS) A
5| Algslofor 3 A0 4ZEh

FHEAY 7EE EA AR 1996;7(20):111-



A And AR G894 44 HE.

o2 8}3] x| 1989;11(2):143-149

BRI S AbEAE e BRI A
oF. =t elal 2] 1989;11(2):150-154

FA44, A, A8 A PM-10 9949
of AZH 71o5x 4. dad)7| R
1995;11(3):279-289

ol e, o), AEH T SN gy F B
A3} e Al g A7 (1991'3-199413).
of ¥}e]3-8] %] 1998;31:82-90

AFE, o1FH, 457 T A A9 d7|2d
o] ZF7IA AE FAAF VA e @]9
g B3 AT IRV 2I5H81%) 1998; 10:
333-342

B8, e GAH 27) § A g1
FA 5. g7 B stE] FA e =
=3 1996: pp.14

FAA A LATAAR. A ¢, 1995

B3 BATAAT 1997

Anderson HR, Leon AP, Bland JM, Bower
IS, Strachan DP. Air pollution and daily
mortality in London:1987-92. Br Med J
1996;312:664-669

Avol EL, Linn WS, Venet TG, Shamoo DG,
Hackney JD. Comparative respiratory
effects of ozone and ambient oxidant
pollution exposure during heavy exercise.
J Air Pollut Cont Assoc 1984;31:666-668

Bates DV, Sizto R. Air pollution and hospital
admissions and air pollutants in Southern
Ontario: The acid summer haze effect.
Environ Res 1987;43:317-331

Burnett RT, Brook JR, Yung WT, Dales RE,
Krewski D. Association between ozone
and hospitalization for respiratory disease
in 16 Canadian cities. Environ Res 1997,
72:24-31

Ciocco A, Thompson DJ. A follow-up on
Donora ten years after: methodology and
findings. Am J Public Health 1961;51:155-
164

Cleveland WS, Devlin SJ. Robust locally-
weighted regression and smoothing
scatterplots. J Am Stat Assoc 1979;74:
§829-836

Hastie T, Tibshirani R. Generalized additive
models. Chapman and Hall, London, 1990

Horstman DH, Folinsbee LJ, Ives PJ, Abdul-
Salaam S, McDonnell WF. Ozone concen-
tration and pulmonary response relation-

AEAS 7129 Q9 Aat ol Al digt AAGE dF 199

ships for 6.6 hr exposures with 5 hr of
moderate exercise to 0.08, 0.10 and 0.12
ppm. Am Rev Respir Dis 1990;142:1158-
1163

Katsouyanni K, Zmirou D, Spix C, Sunyer J,
Schouten JP et al. Short-term effects of air
pollution on health: a European approach
using epidemiological time-series data.
Eur Respir J 1995:8;1030-1038

Kinney PL, Ozkaynak H. Associations of
daily mortality and air pollution in Los
Angeles County. Environ Res 1991;54:99-
120

Kulle TJ, SauderLR, Hebel JR, Chatham
MD. Ozone response relationships in
healthy nonsmokers. Am Rev Respir Dis
1985;132:36-41

Kuhn L, Davidson LL, Durkin MS. Use of
Poisson regression and time series analysis
for detecting changes over time in rates of
child injury following a prevention
program. Am J Epidemiol 1994;140(10):
943-955

Linn WS, Avol EL, Shamoo DA, Spier CE,
Valencia LM et al. A dose-response study
of healthy, heavily exercising men exposed
to ozone at concentrations near the ambi-
ent air quality standard. Toxicol Ind Health
1986;2:99-112

Lippman M. Health effect of ozone: A criti-
cal review. J Air Pollut Cont Assoc 1989,
39:672-695

Logan WPD. Mortality in London fog
incident. Lancet 1953;1:336-338

McDonnel WF, Horstman DH, Hazucha MJ,
Seal E, Haak Jr. ED et al. Pulmonary ef-
fects of ozone exposure during exercise:
dose response characteristics. J Appl
Physiol 1983;54(5):1345-1352

Moolgavkar SH, Luebeck EG, Hall TA,
Anderson EL. Air pollution and daily
mortality in Philadelphia. Epidemiology
1995:6:476-484

Saldiva PHN, Pope III, Schwartz J, Dockery
DW. Air pollution and mortality in elderly
people: a time-series study in Sao Paulo,
Brazil. Arch Environ Health 1995;50(2):
159-163

Schwartz J. Air pollution and hospital
admissions for respiratory disease, Epi-

demiology 1996;7:20-28

Schwartz J. Air pollution and daily mortality:
A reviews and meta analysis. Environ Res
1994;64:36-52

Schwartz J. Air pollution and hospital
admissions for the elderly in Detroit,
Michigan. Am J Respir Crit Care Med
1994;150:648-655

Schwartz J, Dockery DW. Increased mortal-
ity in Philadelphia associated with daily air
pollution concentrations. Am Rev Respir
Dis 1992;145:600-604

Spektor DM, Mao J, He D, Thurston GD,
Hayes C et al. Health effects of ambient
ozone on healthy children at a summer
camp (abstract). Am Rev Respir Dis
1991;141:A71

Spengler JD, Treitman RD, Tosteson TD,
Mage DT, Soczek ML. Personal exposure
to respirable particulates and implications
for air pollution epidemilogy. Environ Sci
Technol 1985;19:700-707

Statistical Science, Inc. S-PLUS for Win-
dows User Manual. Statistical Science,
Inc., Seattle, 1993

Stieb M, Burnett RT, Beveridge RC, Brook
JR. Association between ozone and asthma
emergency department visits in Saint John,
New Brunswick, Canada. Environ Health
Perspect 1996;104(12):1354-1360

Touloumi G, Katsouyanni K, Zmirou D,
Schwartz J, Spix C et al. Short-term effects
of ambient oxidant exposure on mortality:
a combined analysis within the APHEA
project. Am J Epidemiol 1997;146:177-85

Touloumi G, Pocock SJ, Katsouyanni K,
Trichopoulos D. Short-term effects of air
pollution on daily mortality in Athens: a
time-series analysis. Int J Epidemiol
1994;23(5):957-967

White MC, Etzel RA, Wilcox WD, Lloyd C.
Exacerbations of childhood asthma and
ozone pollution in Atlanta. Environ Res
1994:65:56-68

Xu X, Gao J, Dockery DW, Chen Y. Air
pollution and daily mortality in residential
area of Beijing, China. Arch Environ
Health 1994;49(4):216-222



