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Temporal and Spatial Distribution of Sulfur Dioxide in Ulsan, Korea

Yun-Se Lee'?, Sung-Deuk Choi*, Hye-Ok Kwon', Chul-Su Kim?, Hee-Sik Son?, and Jin Ye?

ISchool of Urban and Environmental Engineering, Ulsan National Institute of Science and Technology (UNIST),
Ulsan 689-798, Korea

2UNIST Environmental Analysis Center (UEAC), Ulsan National Institute of Science and Technology (UNIST),
Ulsan 689-798, Korea

Received August 10, 2011/Accepted December 30, 2011

We investigated the temporal and spatial distribution of SO, measured at 14 air pollution monitoring sites
in Ulsan, Korea. The levels of SO, in Ulsan have continuously decreased since the 1990s, and a recent (2005-
2009) annual average concentration of 8 ppb is lower than the national guideline of 20 ppb. However, Ulsan
has higher levels of SO, than any other mega-city in Korea. The average level of SO, at industrial sites (13.7
ppb) is 2.4 times higher than those at residential and commercial sites. According to the measurement data,
meteorological condition, and former air dispersion modeling results, it was confirmed that SO, emitted from
the industrial complex was transported to the residential area by sea-land breeze and southeastern seasonal
winds. For the improved air quality in Ulsan, the current environmental policy permitting the use of high-sulfur
oil (<4%) should be carefully evaluated. The emission of greenhouse gases and hazardous air pollutants
(HAPs) as well as SO, from plants using the high-sulfur oil should be monitored. Furthermore, separated envi-
ronmental policies for the industrial and residential areas are required for more effective pollution management.
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Table 1. Information for the air pollution monitoring sites in Ulsan, Korea!®
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Site Name Land use Longitude Latitude Address

A Nongso Commercial  129°21'17.46"E  35°37'30.96'N  Hogyedong 726, Bukgu

B Hyomun Industrial 129°22'16.02"E  35°33'34.08'N  Hyomundong 616-8, Bukgu

C Seongnam  Commercial — 129°19'11.82"E  35°33'14.64'N  Seongnamdong 219-10, Junggu

D Mugeo Commercial  129°15'38.82"E  35°33'03.06"'N  Mugeodong 1555-2, Namgu

E Samsan Residential 129°1954.48"E  35°32'39.72"N  Samsandong 1513-13, Namgu

F Sinjeong I  Residential 129°18'29.00"E  35°32'05.00"N  Sinjeongdong 1210-9, Namgu

G Sinjeong II  Roadside 129°1826.79"E  35°31'55.93"N  Sinjeongdong 1670-2, Namgu

H Yaeum Residential 129°19'33.00"E  35°31'34.00'N  Yaeumdong 789-12, Namgu

1 Yeochoen  Industrial 129°21'33.30"E  35°30'58.92"N  Yeochoendong 250, Namgu

] Daesong Residential 129°24'52.38'"E  35°30'10.20"N  Daesongdong 148-2, Donggu

K Bugok Industrial 129°2020.28'"E  35°29'50.16"N  Bugokdong 125-2, Namgu

L Sangnam Residential 129°18'19.08"E  35°29'32.82"N  Sangnamri 595-7, Cheongnyangmyeon, Uljugun
M Deoksin Residential 129°1852.26"E  35°26'05.22"N  Deoksinri 36-4, Onsan-eup, Uljugun
N Hwasan Industrial 129°20'1548"E  35°26'17.16"N  Hwasanri 22, Onsaneup, Uljugun
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Fig. 1. Seasonal and annual wind patterns in Ulsan (2005-2009).
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Fig. 2. Long-term trend of annual average levels of SO, in
Ulsan.
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2009.
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Table 2. Annual average concentrations (ppb) of SO, at each monitoring site in Ulsan
Site Name Land use 2005 2006 2007 2008 2009 Mean RSD (%)
A Nongso Commercial 5.0 4.2 42 5.8 7.0 5.2 22.9
B Hyomun Industrial 3.6 5.9 5.7 6.2 6.0 5.5 19.5
C Seongnam Commercial 4.5 52 5.5 5.9 4.7 52 11.4
D Mugeo Commercial 44 5.1 5.7 5.7 5.7 5.3 11.2
E Samsan Residential 6.0 5.8 6.2 5.6 6.7 6.0 6.9
F Sinjeong I Residential 5.8 5.5 6.0 6.8 52 5.9 10.7
G Sinjeong II Roadside 42 6.3 8.0 6.3 43 5.8 274
H Yaeum Residential 5.9 5.8 53 7.0 7.0 6.2 12.5
I Yeochoen Industrial 12.9 11.5 12.1 134 114 12.3 7.1
] Daesong Residential 6.6 6.2 8.0 9.2 7.0 74 16.0
K Bugok Industrial 119 12.2 12.0 125 9.8 11.7 9.1
L Sangnam Residential 7.3 4.0 4.7 5.7 5.5 5.4 23.3
M Deoksin Residential 5.7 5.6 8.8 6.6 7.6 6.9 19.6
N Hwasan Industrial 16.7 17.6 17.5 18.2 16.4 17.3 4.1
RSD: Relative Standard Deviation
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Fig. 6. Hourly variations of five-year (2005-2009) average
concentrations of SO, in Ulsan.
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