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Time Series Analysis between the Concentration of Air Pollutants
and the Number of Respiratory Disease Outpatients in Seoul
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Objectives : This study was conducted to investigate whether air pollution levels in
Seoul have short term effects on respiratory disease outpatients.

Methods : We analyzed five air pollutants (CO., NO,. O;. SO,. PM,,) and daily counts
of outpatient for respiratory disease divided by age group ({15yrs. 15—64yrs. 65+yrs)
during the period of July 1997-June 1998 using Generalized Additive Model (GAM).

Results @ After controlling for seasonal trends, day of the week, week of the month,
temperature and humidity, CO (RR=1.041~1.051, 0-day lag) and NO, (RR=1.024~1.050, 3-
day lag) were significantly associated with daily counts for respiratory disease in all age
groups. O; and SO, were associated, with a 3-day lag in the age group under 15 years (Os
RR=1.047, 95% CI=1.045-1.049: SO, RR=1.018, 95% CI=1.017-1.020) and with a 0-day lag in
the age group 15 to 64 years (O3 RR=1.035, 95% CI=1.032-1.037: SO, RR=1.037, 95%
CI=1.035-1.039). in the age group over 65 years (O; RR=1.042, 95% CI=1.033-1.051: SO,
RR=1.029, 95% CI=1.022-1.036). PM,, was weakly associated, with a 1-day lag in the age
group under 15 years (RR=1.011, 95% CI=1.010-1.013) and with a O-day lag in the age
group 15 to 64 years (RR=1.021, 95% CI=1.019-1.023). in the age group over 65 years
(RR=1.025, 95% CI=1.018-1.032). In the ‘two pollutant model’, the magnitudes of the rela-
tive risk for CO, NO, and O; were maintained, but SO, was not associated with daily
counts for respiratory disease in the age group under 15 years after controlling for NO,.
PM,, was not associated in all age groups after controlling for CO, so the association with
PM;, in the ‘single pollutant model’ might be confounded by CO. In this study, the impact
of PM;, on the respiratory disease was not large as compared with other pollutants.

Conclusions : Air pollution in Seoul may increase the incidence of the respiratory dis-
ease, so more positive attention for the control of air pollution should be paid.

Key Words : Air pollution, Respiratory disease outpatient, Generalized additive
model (GAM). Time series analysis
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Table 1. Distribution of daily data on respiratory disease, air pollutants and meteorology in Seoul at

1997. 7~1998. 6

. . Percentile Max

Variable Mean Min 95th 50th 75th
Respiratory Disease

(15y 9895.6 322 6631 9231 12913 41284

15—64 y 5284.4 134 3596 5409 6992 14399

65+y 493.0 8 319 496 666 1786
CO (ppm) 1.15 0.39 0.84 1.04 1.38 2.76
NO, (ppb) 30.63 10.31 22.54 29.40 36.99 79.94
O; (ppb) 36.46 9.42 24.45 33.00 44.5 99.16
SO, (ppb) 8.35 3.48 5.64 7.29 10.13 21.59
PM,, (ug/m®) 60.75 17.10 38.99 57.50 76.43 164.67
Temperature (C) 13.6 -11.9 5.8 15.1 21.8 30.4
Relative Humidity (%) 62.9 33.5 54.3 62.9 72.1 92.1

CO, NO,, SO,, PMy,

“ mean of 24 hour mean concentrations of 20 measuring posts in Seoul

O;  mean of daily peak concentrations of 20 measuring posts in Seoul
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Table 2. Pearson correlation coefficients for air pollutants and weather variables

Temp RH CO NO, Oy SO, PM;,
Temp 1.000
RH 0.382"* 1.000
CO -0.332™" -0.011 1.000
NO, -0.209** -0.102 0.382"" 1.000
O3 0.611** 0.027 -0.260™ -0.059 1.000
SO, -0.437* -0.127* 0.589** 0.547** -0.291"" 1.000
PMyy 0.011 0.074 0.401** 0.512** 0.149** 0.692**  1.000

Temp : Temperature, RH : Relative Humidity
* ! significant at the 0.05 level

% .

: significant at the 0.01 level
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Fig. 1. A temporal plot and residual plots of respiratory disease outpatients versus time, temperature

and relative humidity for under 15 years in Seoul at 1997.7-1998.6. The lines shown are
smoothing spline curves of the data.
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Fig. 2. Autocorrelation functions for daily respiratory disease outpatients by age group and their resid-
ual plots. The dotted lines are 95% confidence intervals.
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Table 3. Significant relative risk at one pollutant model of CO, NO,, O, SO,, PM,, with various lag times

Pollutant, '8¢ La8 RR' (95 % CI) Pollutant '8¢ 128 RR' (95 % CI)

(year) (day) (year) (day)

co (15 0 1.041 (1.039~1.042) NO, (15 1 1.043 (1.041~1.044)

1 1.007 (1.006~1.009) 2 1.029 (1.027~1.030)

1564 0 1.051 (1.049~1.053) 3 1.050 (1.048~1.051)

1 1.019 (1.016~1.021) 4 1.022 (1.021~1.024)

=65 0 1.048 (1.041~1.055) 15~64 0 1.018 (1.016~1.020)

SO, (15 0 1.005 (1.003~1.006) 1 1.023 (1.021~1.025)

1 1.012 (1.011~1.014) 2 1.013 (1.011~1.016)

3 1.018 (1.017~1.020) 3 1.024 (1.022~1.027)

4 1.005 (1.003~1.006) 4 1.005 (1.003~1.007)

1564 0 1.037 (1.035~1.039) =65 0 1.014 (1.007~1.021)

1 1.028 (1.025~1.030) 1 1.021 (1.013~1.028)

2 1.017 (1.014~1.019) 3 1.025 (1.018~1.032)

3 1.021 (1.018~1.023) 4 1.014 (1.007~1.021)

4 1.007 (1.005~1.010) 0, (15 0 1.022 (1.020~1.024)

=65 0 1.029 (1.022~1.036) 1 1.024 (1.022~1.026)

3 1.021 (1.014~1.028) 2 1.039 (1.037~1.040)

1.010 (1.003-1.017) 3 1.047 (1.045~1.049)

PM,, (5 1 1.011 (1.010~1.013) 4 1.012 (1.010~1.014)

3 1.009 (1.008~1.011) 15~64 0 1.035 (1.032~1.037)

1564 0 1.021 (1.019~1.023) 1 1.027 (1.024~1.029)

1 1.009 (1.007~1.011) 2 1.028 (1.026-1.030)

2 1.006 (1.004~1.008) 3 1.032 (1.030~1.035)

=65 0 1.025 (1.018~1.032) =65 0 1.042 (1.033-1.051)

3 1.011 (1.004~1.019) 1 1.020 (1.012~1.028)

2 1.016 (1.008~1.024)

3 1.040 (1.032~1.049)

RR : relative risk, CI : confidence interval
': for the interquartile range increase of CO(0.545ppm), NO,(14.45ppb). O4(20.1ppb), SO,(4.48ppb).

PM,,(37.44ug/m*)
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Table 4. Relative risk of two pollutant model

& S M2 719

ot 257 g gXtete| HAEY it AAEA AT

(15 yrs 15~64yrs > 6byrs
lag RR 95% CI1 lag RR 95% CI1 lag RR 95% CI
CO 0 1.049 1.048~1.051% 0 1.051 1.049~1.053* 0 1.048 1.042~1.055*
NO, 3 1.050 1.049~1.052* 3 1.024 1.022~1.027* 3 1.025 1.019~1.032*
CO 0 1.044 1.043~1.046* 0 1.048 1.046~1.050* 0 1.045 1.039~1.052*
O4 3 1.042 1.040~1.043" 0 1.027 1.024~1.029* 0 1.035 1.026~1.044"
CO 0 1.048 1.047~1.050* 0 1.044 1.041~1.046" 0 1.045 1.038~1.053*
SO, 3 1.016 1.015~1.018" 0 1.016 1.013~1.018" 0 1.009 1.001~1.016"
CO 0 1.049 1.047~1.050* 0 1.052 1.050~1.055" 0 1.047  1.040~1.054*
PM,, 1 0.999 0.997~1.001 0 0.997 0.994~0.999 0 1.006  0.998~1.014
NO, 3 1.044 1.042~1.045% 3 1.02 1.022~1.026" 3 1.025 1.018~1.032*
O4 3 1.038 1.037~1.040" 0 1.035 1.032~1.037* 0 1.042 1.033~1.052*
NO, 3 1.056 1.054~1.058* 3 1.021 1.019~1.023* 3 1.023  1.016~1.030"
SO, 3 0.987 0.985~0.989 0 1.034 1.032~1.036" 0 1.027 1.019~1.034*
NO, 3 1.049 1.048~1.051% 3 1.022 1.020~1.024" 3 1.02  1.016~1.030"
PM,, 1 1.001 0.999~1.003 0 1.018 1.015~1.020" 0 1.023 1.016~1.031"
Oq 3 1.045 1.044~1.047* 0 1.033 1.031~1.036" 0 1.04  1.032~1.050"
SO, 3 1.013 1.011~1.015% 0 1.036 1.034~1.038" 0 1.027 1.020~1.034*
Oq 3 1.046 1.044~1.048* 0 1.031 1.028~1.033* 0 1.037 1.028~1.047*
PM,, 1 1.005 1.004~1.007* 0 1.014 1.012~1.016" 0 1.018 1.011~1.026"
SO, 3 1.017 1.015~1.019* 0 1.050 1.047~1.054" 0 1.023 1.012~1.034*
PMy 1 1.010 1.008~1.011% 0 0.966 0.963~0.969 0 1.008  0.997~1.019

RR : relative risk, CI : confidence interval

" ¢ for the interquartile range increase of CO(0.545ppm). NO,(14.45ppb). O5(20.1ppb).

PM,,(37. 44ug/m®)

* : also significant at two pollutant model(e=0.05)
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