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ABSTRACT

This study assessed the relationships between levels of PM, and hospitalization rates for asthma among children from
2003 to 2005 at four major cities in Korea. In addition, we estimated the reduced number of asthma hospitalization asso-
ciated with an ambient PM,, improvement to the acceptable levels as recommended by the World Health Organization
(WHO). The Generalized Additive Model (GAM) was used to estimate the relative risks (RR) of asthma hospitalization
associated with changes in PM,, The RRs of children's asthma hospitalization for every 10 pig/m’ increment in PM,,
were 1.009(95% CI = 1.004-1.014) in Seoul, 1.013(95% CI = 1.006-1.021) in Incheon, 1.009(95% CI = 1.002-1.016)
in Busan, and 1.021(95% CI = 1.005-1.037) in Ulasn. We assessed PM,, related health benefits from implementing the
WHO's guidelines (24-hour average 50 pg/m’) using the U.S. Environmental Protection Agency's Environmental Ben-
efits Mapping and Analysis Program. The estimated benefits were 439(95% CI = 216-666) reduced asthma hos-
pitalization in Seoul, 720(95% CI = 304-1,151) in Incheon, 260(95% CI = 66-459) in Busan, and 126(95% CI = 30-
228) in Ulsan. Tt was concluded that improving PM,, condition to the WHO guideline would make a significant con-
tribution to the reduction in asthma hospitalization among children. Therefore, public health measures are still needed

to improve air quality in Korea.

Keywords: asthma hospitalization, children, PM,y, Generalized Additive Model, health benefits, BenMAP
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Table 1. Daily distribution of PM,,, weather, and asthma hospitalization cases between 2003 and 2005 in Seoul, Incheon, Busan and

Ulsan
. . Percentiles
Variable City - Mean SD
Min 25% Median 75% Max
Exposure measurement
Seoul 1034 38.73 55.84 78.83 288.22 62.65 33.79
PM,, Incheon 15.47 39.90 54.63 76.20 207.04 61.34 28.89
(ug/m®) Busan 16.97 40.77 52.30 70.08 175.98 57.73 23.24
Ulsan 10.75 32.74 42.02 55.59 131.09 46.37 18.18
Weather
Seoul -14.00 413 14.15 21.68 3043 12.71 10.07
Temperature Incheon -12.64 441 13.82 21.32 30.03 12.56 9.62
“C) Busan -6.71 7.80 15.55 21.03 2891 14.40 8.09
Ulsan -6.75 6.70 15.63 21.56 30.60 14.50 8.68
Seoul 21.08 51.21 62.77 74.00 95.79 62.79 14.89
Humidity Incheon 27.79 54.75 65.81 77.15 95.33 65.81 14.88
(%) Busan 16.38 4598 63.82 77.23 97.00 61.63 18.84
Ulsan 17.54 45.38 61.17 75.28 9225 58.94 17.39
Seoul 994 1010 1016 1023 1036 1016 8
Pressure at sea  Incheon 993 1010 1016 1023 1035 1016 8
level (hPa) Busan 992 1010 1016 1021 1035 1016 7
Ulsan 993 1010 1016 1021 1035.44 1016 7
Health outcome
Seoul 2 14 22 31 82 24 13
Asthma 1 oheon 1 5 9 14 37 11 6
Hospitalization g o 0 8 14 20 54 15 9
(episode cases)
Ulsan 0 2 3 6 17 4 3
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Table 2. Number of asthma hospitalization cases between 2003 and 2005 in Seoul, Incheon, Busan and Ulsan

City 2003 yr 2004 yr 2005 yr 2003-2005 yr
All age 0-14 age All age 0-14 age All age 0-14 age All age 0-14 age
Seoul 14,741 8,110 15,091 8,158 16,815 9,694 46,647 25,962
Incheon 5,284 3,266 6,063 3,998 6,039 3,651 17,386 10,915
Busan 9,764 6,160 8,212 4,768 9,220 5,457 27,196 16,385
Ulsan 2,451 1,512 2,431 1,369 2,534 1,440 7,416 4,321
SECUL INCHECN
COUNT COUNT

003-01-01 204-01-01 2005-01-0f 2050101 2003-01-01 2004-01-01 2005-01-01 2006-01-01

DATE DATE

BUSAN ULSAN
COUNT COUNT
&

. i ARPCNPITE PSRN T
2030101 2004010 206-01-01 2005-01-01 - 2005-01-01 2006-1-01 2005-01-01 205-01-01
DATE DATE

Fig. 1. Daily distribution of asthma hospitalization cases among children between 2003 and 2005 in Seoul, Incheon, Busan and Ulsan.
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Fig. 2. Lag effects on the relative risks (RR) and 95% confidence intervals (CI) for asthma hospitalization among children for every
10 pg/m’® increase in PM,oin Seoul, Incheon, Busan, and Ulsan.

Table 3. Relative risks and 95% confidence intervals for asthma hospitalization among children for every 10 pg/m’ increase in PM,,

City Risk Coefficient Standard Error Relative Risk 95% Confidence Interval
Seoul 0.000897921 0.000230276 1.009 1.004 - 1.014
Incheon 0.001305587 0.000377403 1.013 1.006 - 1.021
Busan 0.000923633 0.000348852 1.009 1.002 - 1.016
Ulsan 0.002058694 0.000797960 1.021 1.005 - 1.037
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Table 4. Ranges of current annual average of PM;q, control PM,, conditions with rollback to the WHO Air Quality Guidelines

(50 pg/m’ 24-h average), and the changes in population exposure

pgfm’)

(unit :

Annual average of PM,,

Annual average of PM,, from  Decrement in annual average of

City in 2006 attaining the WHO guideline PM,,
Seoul 5323 - 63.92 534 -9.10 4623 - 55.56
Incheon 6427 - 72.62 532 - 7.18 57.72 - 6730
Busan 5221 - 71.88 595 - 941 4390 - 6247
Ulsan 4547 - 53.67 6.98 - 8.12 37.90 - 45.83

Table 5. Estimated reduction by cities in asthma hospitalization among children from reduction in PM,, to the WHO AQGs

(50 pg/m’® 24-h average)

(unit : cases/year)

City Number of children . Asthma . 95% Confidence Asthma hospitalization
. hospitalization avoided Interval avoided per 100,000
Seoul 1,619,296 439 216 - 666 28 (14 - 42)
Incheon 510,197 720 304 - 1,151 142 (60 - 226)
Busan 581,111 260 66 - 459 45 (12 -79)
Ulsan 231,322 126 30 - 228 55 (13 - 99)
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