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ABSTRACT

The purpose of this study was to investigate air quality in Chungju, Korea, using data obtained with a local air quality
monitoring system. We have utilised cohort studies to investigate the relations between environmental pollution and the
health of residents near large industrial complexes since 2004. This study analyzes the Os;, NO;, SO,, CO and PM,, con-
centration in Chungju from 2002 to 2006. Air pollutants are closely related to the number of manufacturing facilities
and cars, energy utilization and weather conditions. Generally, the diurnal concentration of air pollutants in Chungju
reached the highest level in the morning (about 08:00~) and early evening (about 19:00~). On the other hand, the diurnal
concentration of ozone as recorded gives the highest amount in late afternoon (about 16:00~) and lowest in early morn-
ing (about 08:00~). The concentration of air pollutants in Chungju was highest from winter to spring and lowest during
the summer season. On the other hand, the monthly variation of ozone concentration was greatest in June and smallest
in December. Also the, PM, concentration posted the highest record in April and the lowest during September. In gen-
eral, this study analyzed air pollution changes in Chungju as well as in large scale industrial complex regions within
Korea such as Ulsan, Pohang, Kwangyang, Sihwa - Panwol and Gangneung in Korea. We compared the air quality of
Chungju with those of these cites and found that air pollutants except for CO in Chungju was generally lower than large
industrial complex regions.

Keywords: cohort, air pollution, ozone, PM,,, Chungju, air quality monitoring system
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Table 1. The social index of proposed cities for chort study
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A9 71840 FE F= F2.91% AR
F, AEAE, A5 2 A 5 dBAME HIE
AR 255 H|ES 7 2|9 HAE )7L
A S Fa 20044 1978 20068 12971A
2458 SO, NO, 0, CO, PM,, ¥l 3=e] 85
Higo R 7|3 A% 7 SHEE ] A7hE, A
A 7| egEdy e 42 BN 4
A U71eFBAE FHe =5 ) AY, 2
U A, 40 140 A, 28 4l A, Fgotde©
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City Gangwon Chungbuk Chungnam Chonbuk Gyeonbuk Gyeongnam Gangwon
Ttems Chuncheon Wonju Cheongju Chungju Cheonan  Jeonju  Andong  Jinju Gimhae Yangsan Gangneung
Male 125914 142,643 312,244 105273 258,562 308,206 87,218 167,187 219,699 107,821 109,562
P‘:}’;‘Ja‘ Female 128,409 141,717 314370 103284 251,182 316,054 87,378 170,238 213,377 105874 111,144
Total 254,323 284,360 626,614 208,557 509,744 624,260 174,596 337,425 433,076 213,695 220,706
SO, 0.004 0.004  0.003 0.003 0.003 - - - 0.005 - 0.005
] CoO 0.6 0.6 0.7 0.6 0.6 - - - 0.8 - 0.6
qL:;irty NO, 0.014 0.023 0.022 0.012 0.024 - - - 0.026 - 0.015
PM,o 60.0 69.1 61.0 49.8 78.2 - - - 85.0 - 52.7
0O, 0.025 0.019 0.020 0.021 0.021 - - - 0.026 - 0.027
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Table 2. Present situation of social indices in Chungju®
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MaelA 2007d 7€ EA7A F 393042 oid F
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2004 209,138890A4 20073 74 €A 206,0798L2
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2004 19EE 20063 12974R] 54 EabEo
ARE |8 FAHEEH L B8 299 SO, NO,,
0, CO, PM,, 571 82 A7hde] 234308 =9
8 AFE Table 30 YeER{SITEH ZAF A7, o &
57 3= 2% 3 O71SAs15S YESkal ok

w3 2378 7 AnE Aladasie] 22 3d7
o] Y WalE Table 49 JERNGTH PM& Y%

Year
Items
2003 2004 2005 2006 2007. 7
Population 209,138 207,534 207,173 206,236 206,079
Numbers of car 65,724 67,217 69,575 71,543 73,561
Numbers of manufacturer 258 265 272 - 393
Use of energy
Petroleum (ki) 153,747 154,300 159,864 178,115 -
Coals (Anthracite, ton) 23,500 23,303 37,856 43,021 -
Gas (LPG, ton) 52,409 53,955 63,752 40,814 -
Table 3. Average concentration of air pollutants in Chungju from 2004 to 2006
Pollutants Air quality Mean+SD : Percentiles IOR’
standards Min. 10 25 50 75 90 Max
SO, (ppb) 50 ppb/24 hr 5.69£6.02 0 I 2 4 7 13 87 5.0
NO, (ppb) 80 ppb/24 hr 13.81+7.57 0 6 8 12 18 24 53 10.0
O; (ppb) 60 ppb/8 hr 2391+1921 0 4 8 19 35 51 125 270
CO (ppm) 9 ppm/8 hr 0.74+0.55 0 0.2 0.44 0.66 09 0.15 0.5 0.5
PMj, (ng/m®) 100 pg/m*/24 hr 45.22+32.18 0 16 24 37 58 84 470 34.0

*[QR=Interquartile Range.
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Table 4. Annual average concentration of air pollutants in
Chungju®

Polluants ¢, No, 0, cO  PM,

Year (ppb)  (@pb)  (ppb)  (ppm) (mg/m’)
2004 362 1228 2369 066 51.85
2005 572 1422 2430 067 4119
2006 765 1489 2375 088 4326
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Fig. 1. Hourly variation of annual average concentration of SO,
in Chungju and other cities.
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Fig. 2. Monthly variation of annual average concentration of air
pollutants in Chungju.
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Fig. 3. Hourly variation of annual average concentration of SO,
in Chungju and other cities.

Table 5. Comparison of annual average concentration of air pollutants in Chungju with Industrial complex regions

Pollutants S0, NO, 0, Cco PM,

Districts (ppb) (ppb) (ppb) (ppm) (pg/m’)
Chungju 5.69£6.02 13.81+7.57 23.91+19.21 0.74+0.55 4522+32.18
Gangneung 4.86+3.68 16.48+10.96 2720£15.45 0.55+0.28 54:73+39.63
Ulsan 8.39+13.95 22.75+14.81 21.52+15.61 0.48+043 50.73+40.75
Pohang 8.50+6.41 25.06+15.61 26.68+14.73 0.75+0.58 62.79+45.77
Yeosu 1049£12.15 17.99+11.76 28.08+17.45 0.58+0.49 45.57+32.87
Sihwa - Panwol (Siheung) ~ 9.89+12.77 31.74218.62 2044+15.73 0.71+0.47 67.2061.54

#¥Period : 2004.1~2006.12
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Table 6. Correlation coefficient between region and SO, concentration

Sihwa - Panwol

SO, Gangneung Ulsan Pohang (Siheung) Yeosu
Chungju -0.62806* —0.48597* —0.62324* 0.26044 —0.39622*
(0.0010) (0.0161) (0.0011) (0.2190) (0.0553)
Gangneung . 0.80673* 0.73662* ~0.56506* 0.17647
(0.0000) (0.0000) (0.0040) (0.4094)
Ulsan ) ) 0.91020* —0.68206* 0.26630
(0.0000) (0.0002) (0.2085)
Pohang ) ) i —0.42378* 0.56344*
(0.0390) (0.0041)
Sihwa - Panwol 0.42041*
(Siheung) ) ) ) ) (0.0408)

Table 7. Result of cluster analysis for SO,

Table 9. Result of cluster analysis for PM,,

Number of

Clusters Area

Number of

Clusters Area

5 Ulsan, Pohang

4 Ulsan, Pohang, Gangneung

3 Ulsan, Pohang, Gangneung, Yeosu

Ulsan, Pohang, Gangneung, Yeosu, Sihwa -
Panwol

Ulsan, Pohang, Gangneung, Yeosu, Sihwa -
Panwol, Chungju

5 Gangneung, Pohang

4 Gangneung, Pohang, Yeosu

3 Ulsan, Sihwa - Panwol

Gangneung, Pohang, Yeosu, Ulsan, Sihwa -
Panwol

Gangneung, Pohang, Yeosu, Ulsan, Sihwa -
Panwol, Chungju

Table 8. Correlation coefficient between region and PM,, concentration

Sihwa * Panwol

PM,, Gangneung Ulsan Pohang (Siheung) Yeosu
Chungju 0.49576* 0.40197* 0.24913 0.47491* 0.55842*
(0.0138) (0.0515) (0.2404) (0.0190) (0.0046)
Gangneung ) 0.44734 0.86436* 0.62915% 0.77230%
0.0284) (0.0000) (0.0010) (0.0000)
Ulsan ) ) 0.65931* 0.75844* -0.04517
(0.0005) (0.0000) (0.8340)
Pohang i ) ) 0.68434* 0.43886*
(0.0002) (0.0319)

Sihwa - Panwol 0.38923
(Siheung) - ’ h B ) (0.0601)
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Table 10. Correlation coefficient between region and O; concentration

Sihwa * Panwol

05 Gangneung Ulsan Pohang (Siheung) Yeosu
Chungju 0.50099* 0.95434* 0.95890* 0.99151* 0.98434*
(0.0126) (0.0000) (0.0000) (0.0000) (0.0000)

Gangneung ) 0.68736* 0.70961* 0.56454* 0.39257
(0.0002) (0.0001) (0.0041) (0.0578)
Ulsan ) ) 0.99545% 0.96426* 0.91689*
(0.0001) (0.0001) (0.0000)
Pohang ) ) ) 0.96900* 0.91422*
(0.0001) (0.0001)
Sihwa - Panwol i ) ) ) 0.97788*
(Siheung) (0.0001)

Table 11. Result of cluster analysis for O,

Table 13. Result of cluster analysis for NO,

Number of

Clusters Area

Number of

Clusters Area

5 Chungju, Sihwa - Panwol

4 Ulsan, Pohang

3 Chungju, Sihwa - Panwol, Yeosu

2 Ulsan, Pohang, Chungju, Sihwa - Panwol,
Yeosu

Ulsan, Pohang, Chungju, Sihwa - Panwol,
Yeosu, Gangneung

5 Ulsan, Pohang

4 Ulsan, Pohang, Chungju

3 Ulsan, Pohang, Chungju, Gangneuhg

) Ulsan, Pohang, Chungju, Gangneung, Sihwa *

Panwol

1 Ulsan, Pohang, Chungju, Gangneung, Sihwa *
Panwol, Yeosu

Table 12. Correlation coefficient between region and NO, concentration

Sihwa - Panwol

NO, Gangneung Ulsan Pohang (Siheung) Yeosu
Chungju 0.51994* 0.90268* 0.85460* 0.85282* 0.34038
(0.0092) (0.0000) (0.0000) (0.0000) (0.1036)

Gangneung 0.79796* 0.85721* 0.39381* 0.20453
(0.0000) (0.0000) (0.0569) (0.3377)
Ulsan 0.98362* 0.76744* 0.35706
(0.0000) (0.0000) (0.0867)
Pohang 0.67019* 0.24092
(0.0003) (0.2568)
Sihwa - Panwol 0.75359*
(Siheung) (0.0000)
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Table 14. Correlation coefficient between region and CO concentration

Sihwa - Panwol

(6(0] Gangneung Ulsan Pohang (Siheung) Yeosu
Chungju 0.34059 0.83535* 0.12789 0.86418* —0.62555*
(0.1034) (0.0000) (0.5515) (0.0000) (0.0011)
Gangneung 0.59399* 0.96304* 0.12568 -0.00573
(0.0022) (0.0000) (0.5584) (0.9788)
Ulsan 0.45267* 0.84421* —0.26147
(0.0263) (0.0000) 0.2171)
Pohang -0.06819 0.11365
(0.7516) (0.5970)
Sihwa - Panwol —0.29665
(Siheung) (0.1592)

Table 15. Result of cluster analysis for CO

Number of
Clusters

Area

5 Chungju, Sihwa - Panwol

4 Chungju, Sihwa - Panwol, Ulsan,

3 Gangneung, Pohang

Chungju, Sihwa - Panwol, Ulsan, Gangneung,
Pohang

Chungju, Sihwa - Panwol, Ulsan, Gangneung,
Pohang, Yeosu
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