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Air Pollution and Daily Mortality in Busan using a Time
Series Analysis
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To identify possible associations with concentrations of ambient air pollutants and daily mortality in Busan,
this study assessed the effects of air pollution for the time period 1999-2000. Poisson regression analysis by
Generalized Additive Model were conducted considering trend, season, meteorology, and day-of-the-week as
confounders in a nonparametric approach. Busan had a 10% increase in mortality in persons aged 65 and
older(95% CI : 1.01-1.10) in association with IQR in NOy(lagged 2 days). An increase of NO(lagged 2days)
was associated with a 4% increase in respiratory mortality(CI : 1.02-1.11) and CO(lagged 1 day) showed a 3%
increase(CI : 1.00-1.07).

Key words : GAM(Generalized Addictive Model), Time series analysis, Air polution, Busan
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Table 1. Distribution of daily deaths, concentrations
period 1999-2000)

of air pollutants and meteorological variables (Busan,

Percentile

Variable Mean(SD) Nin 5504 50% — Nox IQR
CO(ppm) 0.98(0.38) 0.37 0.7 0.89 1.18 269 048
NO:(ppb) 21.6(7.23) 76 6.28 2084 2572 53.77 1944
Os(ppb) 37.21(14.03) 5.4 2733 35.40 4500 106.25 1767
SO:(ppb) 11.97(4.76) 349 867 1107 14.07 3745 54
TSP(ug/m’) 43.13(27.22) 14.00 29.02 3592 4763 314.09 1861
PMio(gg/m') 63.30(28.10) 22.29 4413 56.84 76.83 283.05 32.7
Temperature{C) 12.22(9.48) -12.97 524 1315 20.04 2875
Relative Humidity(%) 65.14(19.05) 194 50.8 66.5 81.1 9.0
Air Pressure(hpa) 1015.16(7.33) 992.7 10094 1014.8 1021.1 1036.2
Total deaths 43.76(8.30) 20 33 43 49 77
Resp.deaths 0.30(1.00) 0 0 0 1 4
Cardio.deaths 3.53(1.96) 0 2 3 5 12
Deaths(age<15) 0.61(0.76) 0 0 0 1 3
Deaths(age=65) 25.47(6.12) 12 21 25 29 51
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Table 2. Pearson correlation coefficients between air pollutants and meteorological variables (Busan, period

1999-2000)
CO NO; PMio SO, TSP O3 T RH PRES.
CO 1.000 205 476" 764" 662° -.278 -581" -518 5107
NG, 1.000 A16° 327 256" 045 050 -4 280°
PMypo 1.000 5% 83’ 099" -162" -51 129°
SO, 1.000 671" -001 -4 -201" 293
TSP 1.000 -018 -223 -.263" 132°
Oz 1.000 -420° 147 341
T 1.000 BT 711"
RH 1.000 - 679"
PRES 1.000
* statistically significant (p<0.05)
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Fig. 1. Correlation matrix between air pollutants.
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Fig. 2. Distributions of meteorological variables(Temperature, Relative Humidity and air pressure) in Busan
from 1999.1.1 to 2000.12.31. The lines drawn are nonparametric smooths(Loess) of the data.
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Table 3. Statistically significant associations between mortality and air pollutants in one pollutunt model
(Busan, period 1999-2000)NO- (1)

Mortality group ggguz?/t) Beta(£) St::rie;rd t-value AIC RR
Total mortality TSP (7) 0.00067 0.000310 2.1573% 464.509 1.01234
Co (1) 0.086861 0.025221 3.44364 614.634 1.04257
. . NO; (1) 0.02868 0.010412 275454 616.807 1.74633
Respiratory mortality Os (@) 001272 0006533 22982 620731 1.25208
PMio (1) 0.004759 0.002259 210682 618523 1.16833
Cardiovascular mortality O (1) 0.003482 0.001540 2.25969 746.817 1.06345
Respiratory & cardiovascular | NOz (1) 0.006819 0.002843 2.39827 745345 1.14175
mortality 05 (1) 0.00305 0.001499 2.08556 751745 105538
TSP (6) 0.000876 0.000372 2.35449 398.040 1.01644
- Co (1) 0.005412 0.002568 2.10703 766.373 1.0026
rff) tality NO; (1) 0.004305 0.001123 3.83406 756.411 1.08729
PMio (6) 0.000614 0.000249 245701 751.763 1.02029
SOy (1) 0.003892 0.001764 2.20566 764.893 1.02124

* statistically significant (p<0.05)
Adjusted for trend, season, temperature, relative humidity, and day-of-the-week effects using a generalized
addictive model, 1999-2000.

Table 4. Associations between mortality and air pollutants in two pollutant model (Busan, period 1999-2000)

Mortality group Pollutant TSP CO NO» O3 PMio SO
Total mortality TSP (lag7) - 1.015" 1.015" 1.012° 1.014 1.009
CO (lagl) 1.066" - 1.029° 1.035" 1.042° 1.05%6"

Resp. NO; (lag]) 2213 135 - 1787 1.566 1883
Mortality 03 (lag4) 1.036 1.255' 1.246" - 1.263" 1.259°
PMyo (lagl) 1634 1.079° 1.092 1.179° - 1.149

Cardi. mortality O3 (lagl) 1.061 1.064" 1.050" - 1.067° 1.064°
Resp. & Cardi. NO; (lagl) 1.220" 114" - 1.131° 1.194° 129"
mortality 03 (lagl) 1.044 1.068" 1.049 - 1057 1.05%6"
NO; (lagl) 1.145" 1.096" - 1.086" 1.080" L101°

TSP (lag) - 1.018 1.016" Lo17 0991 1.015

Age=65 CO (agl) 1.004" - 0.999 1.002" 1.001 1.001
PMio (lagb) 1.052" 1.025" 1.018 1.012° - 1.018"

SO, (lagl) 1.028" 1.015 0.992 L.o21" 1.012 -

* statistically significant (p<0.05)
Adjusted for trend, season, temperature, relative humidity, and day-of-the-week effects using a generalized
addictive model, 1999-2000.
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Table 5. Relative risks with interquartile range(IRQ)
unit increase for mortality groups classified
by age (Busan, period 1999-2000)

Agegroup TSP CO NO: O PMiw SO
5<age 1063 1009 1222 1027 1077 10%6
15<age<65 0965 099 097 1011 0993 0982
age266 1006 1001 1024 1007 1015 0998
15<age<66 0579 0997 1941 1005 07068 1136
age=65 0733 0992 093 0906 1045 0987
Cardiovasal |15<28¢<65 0917 0992 0969 1111 0892 08%5
ar montality | joe>65 1034 0999 1044 0985 1031 0969

Total
mortality

Respiratory
mortality

ReSDi&TlamW 5<age<66 0902 0994 0913 1114 0884 095

cadiovascular

mortality age=65 LO28 0993 1047 0980 1034 0975
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