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Abstract

Until comparatively lately, the annual time series of the SO, concentration had been shown in a decreasing
trend in Ulsan as well as other Korean citics. However, the high concentration of SO, was frequently found
in the specific countermeasure region including the national industrial complex such as Mipo and Onsan in
the Ulsan city for the period of 2001 ~2004. There are many conditions that can influence the high concen-
tration of SO, at monitoring sites in Ulsan, such as: First, annual usage of the fuel including sulfur increased
in comparison with the year before in spite of the fuel conversion policy which wants to use low sulfur oil
less than 3% and LNG. Second, point source, such as the power plants and the petroleum and chemistry stacks,
was the biggest contributor in SO, emission, as a analyzed result of both the air quality modeling and the
stack tele-monitoring system (TMS) data. And third, the air pollutants that occurred in processes of burning
and manufacturing of the fuel including sulfur were transported slow into a special monitoring site by accumu-
lating along the frontal area of see-breeze. It was concluded that Ulsan's current environmental policy together
with control methods should be changed into the regulation on total amount of emission, including a mar-
ket-based emission trading with calculating of atmospheric environmental critical loads, for the SO, reduction
like the specific countermeasure for the O3 and PM10 reduction in the Seoul metropolitan area. And this change
should be started in the big point sources of 1~3 species because they are big contributors of Ulsan's SO,
pollution. Especially it is necessary to revitalize of the self-regulation environmental management. Other control
methods for sustaining the SO, reduction are as follows: maintenance of the fuel conversion policy, reinforce-
ment of the regional stationary source emission standard, and enlargement of the stack TMS.
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Fig. 1. Meteorological(5 stars) and air quality (12 crosses)
monitoring sites in the Ulsan metropolitan area.
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Fig. 2. Windroses at Gongdan's (a) and Ulsan's (b) meteorological monitoring sites in the Ulsan metropolitan area in

2003.
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Table 1. An excessive number of the SO, standard in Korean's main cities during the periods from 2000 to 2004

2000 2001 2002 2003 2004

City Num. Num. Num. Num. Num.
moni- | 1h 24h  |moni-| lh | 24h |moni-| 1h 24h  |[moni-| lh | 24h |moni-| 1h | 24h

toring toring | toring | foring toring
Seoul 27 1 00 | 0.0 27 {00} 00 | 27 | 0.0 | 0.0 27 0 00 | 27 | 0.0 | 0.0
Busan 9 00 | 0.0 9 100 00 | 13 | 0.0 | 0.0 14 | 0.1 | 0.1 16 | 0.6 | 0.0
Daegu 6 0.0 | 0.0 6 | 0.0 1 0.0 7 1001} 0.0 11 {00 ] 00 | 11 | 0.0 | 0.0
Incheon 10 { 0.0 [ 0.0 10 1 00) 00 | 10 | 0.0 | 0.0 11 { 00| 00 [ 11 | 00 | 0.0
Gwangju | 4 0.0 [ 0.0 4 | 00| 0.0 4 100 | 00 4 | 00 | 00 4 100 { 00
Daejeon 3 00 | 00 3 00 | 0.0 3 0.0 | 0.0 5 0.0 | 00 6 | 00} 0.0
Ulsan 11 | 0.0 | 0.0 12 1 08 | 1.2 | 12 | 0.8 1.3 13 171 ] 43 | 13 (115 3.8
Kyeonggi | 31 | 0.0 [ 0.0 32 | 00| 00 | 43 | 0.0 | 0.0 47 1 01 | 00 [ 51 | 0.2 | 0.0
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Fig. 5. Hourly distribution of SO, concentration at
Wonsanri's monitoring site in Ulsan during the pe-
riods from February to October in 2004.
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Fig. 6. Hourly distribution of SO, concentration at Wonsanri's
(a) and Whasanri's (b) monitoring sites in Ulsan
during the periods from 2000 to 2003.
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Fig. 7. Time series of air quality (a) and concentration & windrose (b) of SO, at Deogsanri's monitoring site in Ulsan

on 2-5 August 2001.
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Fig. 8. Time series of air quality (a) and concentration & windrose (b) of SO, at Wonsanri's monitoring site in Ulsan

on 2-5 September 2002.
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Table 2. Mean concentration of air pollutants measured
on moving monitoring bus and at Wonsanri's
monitoring site in Ulsan during the period from
16:00 6 November 2003 to 13:00 12 November
2003 (Unit: ppm except for yg/m’ of PM10)

SO, CO | O; | NO,; |[PMI10
10.025[0.265(0.021(0.024 | 48.8
Wonsanri's monitoring site(0.028{0.23410.023{0.022| 32.1

Site

Moving monitoring bus
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Windrose on hourly exceeded concentration of the SO, standard at Wonsanri's (a) and Whasanri's (b) monitor-
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Fig. 12. Same as Fig. 11 except for daily.
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Table 3. Amount of fuel usage in Ulsan during the period of 2000-2003

Industrial | y_ | 5" | Diesel B-C (kiiyr) LNG LPG [Soft coal Sc‘(’)gf
Area klyry | K30 | 4% | 259% | 1.0% | 05% | 03% (miyr) | (ton/yr) | (ton) | o)
Petroleum & | 2002 | 4,274 | 75,947 133266 0 0 | 80393 | 125199 | 99,730,248 | 23,290 |346,655| O
Chemistry 12003 0 |85793 | 0 0 0 | 79,853 | 337,586 | 150,131,648 | 33,337 |371,245| 0
Mipo | 2002 | 74,546 | 14,194 {172,338 1,428,224 |54,677 | 449,214 |1,605,609|2,329,218,193 | 29,286 | 183,119 0
2003 | 12,417 | 68427 | 0 0 82,024 37,751 |3,599,040|2,236,012,904 | 34260 | 167,676 | 0
Oy 2002 | 2,091 [417,867 | 73971 0 0 234,928 582,322 | 813,298,220 | 231,733 | 152,705 | 666,469
2003 | 1,108 | 80,503 | 0 0 0 255531 636,791 | 887,738,790 | 213,099 | 157,412 | 662,083
Other | 2002 1486 | 28059 | 0 0 0 | 2,450 | 26928 | 53,824941 | 1433 [27,793 | 0
2003 | 205 | 5,695 0 0 0 0 39277 | 50,912,278 | 2,689 | 690 182
Total | 2002 82,397 |536,067 |379,575 | 1,428,024 | 54,677 | 766,985 |2,340,058 | 3,296,071,602 | 285,742 | 710,272 | 666.469
2003 | 13,730 |240,418| 0 0 82,024 | 373,135 4,612,695 | 3,324,795,620 | 283,384 | 697,023 | 662,265

Table 4. Total amount converted all fuels

into solid coal in Ulsan during the period of 2000-2003(unit: ton)

Vear| 1G0° | Diesel ol 40% | 3.0% 1.5%(,: 05% | o03% | NG | LG ool | o {tgtr?)l
o | 148315 | 1,029,249 (759,150 (2,856,448 109,354 | 1,533,970 | 4,680,116 | 5,141,872 | 685,781 | 951,765 666,469 [18,562,487
0.8% | 55% | 41% | 154% | 06% | 83% | 252% | 277% | 37% | 51% | 36% | 100%
2003 | 26714 | 461,602 164.048 | 746270 |9.225.390 | 5.186.681 | 680.122 | 934,010 | 662,265 |18,085.104
0.1% | 2.6% 09% | 4.1% | 510% | 287% | 38% | 52% | 37% | 100%
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Table 5. Rate and amount of SO, reduction to fuels converted 1% & 0.5% B-C (a) and coals (b) into 0.3% B-C in

2003 in Ulsan

Classification Fuel 0% B-C 055 Amount converted into 0.3% B-C
. 0 . 0

Amount of B-C (kf) 82,024 373,135 455,159

Amount of SO, production (ton) 1,558 3,545 2,594

Amount of SO, reduction (ton)

2,509

Rate of SO, reduction to total fuels (%)

Classification Fuel

Coal (Soft +Solid)

Amount converted into 0.3% B-C

Amount of coals and 0.3% B-C

1,359,288 (ton)

798,138 (ki)

Amount of SO, production (ton)

7,748

4,549

Amount of SO, reduction (ton)

3199

Rate of SO, reduction to total fuels (%)

Table 6. Rate and amount of SO, reduction the emission
standard of SO, at a petroleum facility in Ulsan

in 2003
. Amount of unt of
Eg"nm SOy, emigs(i)on Sézm r(')educt?on Rante?iu(z:{ic?l?z
(ton/year) (ton/year) (%)
300 ppm ('03) 8.41 - -
180 ppm ('05) 8.39 0.02 0.23
150 ppm (strict) 8.23 0.17 2.03
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Table 7. Amount of SO, emission estimated by some business fields in Ulsan in 2003. Left panel shows Business fields
having control facilities for SO, reduction through the auto-environmental management agreement system

Business fields having SO, emission Business fields not having SO, emission

control facilities for SO, reduction (ton/yr) control facilities for SO, reduction (ton/yr)
Al | 4,991 Bl 1,130
A2 4,568 B2 821
A3 855 B3 635
A4 617 B4 497
A3 161 BS 384
A6 112 B6 327
A7 58 B7 291
A8 50 B8 246
A9 6 B9 86
Al10 4 B10 43
All 0.2 B11 34
Al2 0.2 B12 23
Al3 0.1 B13 20
Total 11,422.5 Total 4,537
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