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Air pollution Alert System Area Classification Feasibility and
Characteristic Evaluation in Busan

Park Seung-woo*, Jang Eun-hwa, Kang Nam-hee, Cho Yeong-dae and Kim Hyun-sil

Air Quality Monitoring and Assessment Team

Abstract

In this study, the feasibility and characteristics of the four regions (Eastern, Western, Southern, and
Central) established during the implementation of the air pollution alert system was evaluated (Ozone
in 2006, PM-10 in 2011, and PM-2.5 in 2015). The number of urban air monitoring stations, which
were 17 at the time of enforcement in 2006, increased by 9 to 28 as of 2022, and accordingly, it was
judged necessary to review the alert area for efficient operation of the alert system. Considering
various factors necessary for regional division, the currently operating alert area was reviewed, and
the conclusions are as follows. Fine particles (PM-2.5, PM-10) could be divided into 5 regions
(Eastern, Central-eastern, Central-western, Western, and Southern) by considering alert cases,
average concentration difference by station, cluster analysis, topography and administrative districts.
However, it is judged that it will not be unreasonable to set the Central-eastern and Central-western
regions as one region in consideration of the case of actual alert issuance concentration, and it will
be possible to set them as four regions (Eastern, Western, Southern, and Central) by adjusting the
regional districts of the region. Ozone could be divided into six regions (Eastern, Western,
Central-western, western, southern-eastern, and southern-western). The existing eastern and central
regions remain unchanged, and the two regions, such as the western region and the southern region,
are subdivided into four regions. The current regional division of fine particle and ozone are judged
to be relatively reasonable. Since the concentration distribution of ozone appears in a local or
wide-area form depending on the case, the area of influence of neighboring districts and counties
appears in a relatively narrower range than fine particle.
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Table 1. Alert division number of PM-10, PM-25 and O3
. . . . Gyeong | Gwang | Chung |Chung| Jeon | Jeon |Gyeong|Gyeong| | .
Region | Seoul |Busan | Daegu | Inchemn | Gaangu | Dagien | Ulsan | Sejong d won | buk | nam | buk | nam | bk | nem Jeju
Station
No 25 28 19 24 11 11 18 4 103 22 28 37 34 39 43 37 8
PM-2.5
PM-10 1 4 2 4 1 2 1 1 4 4 3 3 3 2 3 6 1
03 5 4 2 4 3 2 5 1 4 5 3 5 4 6 6 6 2
Table 2. Urban air quality monitoring station
Area District Site Year(order) Area District Site Year(order)
Eastern (E) | Gijang-gun Gijang (GJ) 1999 (8) Gangseo-gu Daejeo (D]) 1999 (9)
(2) Gijang-gun| Yongsu (YS2) 2004 (15) Gangseo-gu Myeongji (M]2) 2020 (26)
Dong-gu | Sujeong (SJ) 2011 (18) Western (W) Gangseo-gu Nocksan (NS) 2003 (14)
Jung-gu | Gwangbok (GB) 1985 (3) ©) Saha-gu Dangni (DN) 2019 (24)
Heeundeegu| Jaesong (JS) 2019 (21) Saha-gu Jangrim (JR) 2004 (16)
Haeundaegu| Jwa (J) 2005 (17) Sasang-gu Hakjang (HJ) 1979 (1)
Southern (S) | Nam-gu | Daeyeon (DY) 2003 (13) Sasang-gu Deokpo (DP) 2018 (20)
(10) Nam-gu | Yongho (YH) 2021 (28) Busanjin-gu Gaegeum (GG) 2019 (25)
Seo-gu Daeshin (DS) 2012 (19) Busanjin-gu Jeonpo (JP) 1980 (2)
Suyeong-gu Gwangan (GA) 2001 (11) Central (C) Dongnae-gu Myeongjang (MJ1) 2002 (12)
Yeongdo-gul Cheonghak (CH) 2019 (22) ) Geumjeong-gu | Bugok (BG) 2000 (10)
Yeongdo-gu| Taejong (TJ) 1996 (5) Geumjeong-gu | Hwaedong (HD) 2020 (27)
Buk-gu Deokcheon (DC) 1988 (4) Geumjeong-gu | Cheongryong (CR) 1997 (7)
Buk-gu Hwamyeong (HM) 2019 (23) Yeonjae-gu Yeonsan (YS1) 1996 (6)
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Fig. 1. Air pollution alert division

Table 3. Basic statistics by Gu-Gun in Busan®

Population Envirﬁlr:ment Arzea roa<zi foregt administrati Residentzial Commer%ial Industrizal Greenerzy

No. Station(road) km?*(%) km’ km' ve dong | 1000m 1000m’ 1000m’ 1000m’

2022.9 2022.9 2020 2020 2020 2020 2020 2020 2020 2020

Total 3,371,679 28(3) 770,07(100) 58.96 341.64 200 144,843 25,015 64,437 544,711
Jung-gu 42,267 1 2.83(0.4) 0.75 0.11 9 896 1,883 191 393
Seo-gu 107,514 1 13.96(1.8) 1.35 6.74 13 4,382 1,103 873 8,013
Dong-gu 89,213 1(1) 9.86(1.3) 1.49 2.73 12 2,522 2,495 1,722 3,091
Yeongdo-gu 110,813 2 14.20(1.8) 1.36 3.89 11 4813 798 1,812 7,603
Busanjin-gu 353,819 2 29.67(3.9) 3.14 9.62 20 11,070 4,841 - 13,755
Dongnae-gu 275,354 1(1) 16.63(2.2) 2.37 4.34 13 9,460 1,159 154 5,924
Nam-gu 263,401 2 26.82(3.5) 2.73 8.32 17 9,862 1,040 4,701 12,861
Buk-gu 282,072 2 39.37(5.1) 2.43 21.90 13 9,607 607 - 29,220
Haeundae-gu| 393,151 2 51.50(6.7) 4.02 27.57 18 12,186 3,188 615 38,161
Saha-gu 307,465 2 41.77(5.4) 3.90 13.32 16 10,454 649 9,630 21,325
Geumjeong-gu| 227,471 3 65.26(8.5) 392 40.68 16 9,866 714 1,046 53,554
Gangseo-gu 148,292 3 181.50(23.6) 13.72 40.86 8 20,036 4,425 28,317 131,406
Yeonjae-gu 205,804 1 12.10(1.6) 1.77 2.93 12 7,677 769 64 3,585
Suyeong-gu 176,074 1 10.21(1.3) 1.62 2.32 10 6,600 749 117 3,590
Sasang-gu 208,630 21) 36.10(4.7) 3.25 12.14 12 8,164 480 6,589 20,873
Gijang-gu 180,339 2 218.30(28.3) 11.15 144.16 5 17,249 1,114 8,606 191,356
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Table 4. PM-2.5 Watch(Alert) frequency by region
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Eastern Southern Western Central
GJ YS2| ] GAGBDSDY S] TJ JS CH YH|NS Dj DC H] JR DP DN HM Mj2|CY BG M1 YSI JP GG HD
2015 | 3 (0) 4(0) 5(0) 6 (0)
2016 | 3 (0) 4(0) 6 (0) 3(0)
2017 | 2 (0) 3(0) 3(0) 3(0)
2018 | 1 (0) 40 3(0) 2 (0)
2019 | 3 (0) 5 (0) 8 (0) 5(0)
2020 | 0 (0) 00 1 (0) 00
2021 | 4 (1) 4(1) 4(1) 3(1)
2022 | 1(0) 1(0) 3(0) 1 (0)
Total | 17 (1) 24 (1) 33 (1) 23 (1)
e 2. 3.0 41 2.9
Table 5. Ozone watch frequency by region
Eastern Southern Western Central
G YS2| ] GA GB DS DY SJ T] JS CH YH|NS D] DC H] JR DP DN HM MJ2(CY BG M1YS1 JP GG HD
2015 | 6 2 6 1
2016 |2 2 |1 1 11 1 2 2
2017 |1 2 |1 1 2 2.1 2 3.2 1
2018 |3 2|3 4 1 1 41 11
2019 |3 1 2 12 1 2 3 1
2020 | 3 1 1 2 1 111
2021 [1 2|1 1 1 1 1 2
2002 | 4 3 2 1 1 1 11 1
Total (23 147 17 1 3 3 1 3 1 3 1 8 2 9.0 0.0 1/13 54400
sum 37 40 26 32
s/ g 5.0 3.3 40
region
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Fig. 2. Elevation of Busan.
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Table 6. PM-2.5 Watch frequency by each site
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Table 7. PM-2.5 Watch day(2015/03/22

) by each site
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Table 9. PM-2.5 Watch day(2018/12/21-22) by each site

Date Central
Year M D H ¥ ¥s M1 HD BG R
e 1z 2 6| 3 2 W 43 S L AT 47 50 w0 40 56| 67 73 80 83 74 0 3 5 69
016 12 21 7| 33 2 3 43 x| 43 3 7 50 44 49 40 M 54 B T2 9 1 &1 28 35 43 ]
ME 12 2 8| 18 2 = 45 e 45 3 M 4 a8 42 0| 37 52| &1 6 84 58} 8 29 6 M [
2016 12 21 9| 35 17 ¥ 3 ki) 42 30 M 45 44 43 3B 40 52| 66 81 96 62 &7 26 34 42 74
2008 12 21 10| 40 25 3| 41 6 39 X 56 47 50 s 51| sz ee| 97 A 68 14 | 3 36 48 81
2018 12 21 11| 42 27 R 41 45 32 5 41 20 62 51 47 45 49 50 69 83 80 T 118 35 38 5 80
28 12 21 12 2| 1| a7 45 33 51 3 M 63 57 55 I sa) T2 TI| B 62 99 2] ar 52 75
2018 12 21 13| 30 21| M4 37 % A I/ W 23 53 46 44 B 2 55 T 72| e 78 85} 26 30 42 74
2018 12 21 14| 23 20| W 30 8 25 T | 3 3B 25 M 24 53 61 83 85 61 &0) 22 28 H 54
M8 12 21 15| 20 19| 25 25 23 19 47T 55 A 58 52 30 23 57| 77| 83| 86 63 74 24 kv 3B T3
208 12 21 16| 27 18| 6] kil 24 M4 B/ o482 M 55 57 27 27 22 66( 81 88 75 B3 73 23 M k- 78
ME 12 21 7| M 2 M 2 1™ 36 54 30 59 37 M 8| 25 66| 77| 73| TH 74 IC 27 29 5 73
2018 12 21 18 2T 19 20 27 24 2 M 5 2 58 26 18 o 2T 60| 88| 71| &7 B9 B2 23 M H 80
2016 12 21 19| 32 28 35 28 FIE=] 3 3 M 48 32 26 | 30 74| 88 s2| 108 101 81 o] 28 2 89
W8 12 21 W 12 W M 27 2 2 ¥ m 2 42 | 2 76| 91| s8] 114 99 7 30 2 El Ll
208 12 211 21| 41 38 0| 5 7 2% M 88 7 54 47 27 ® 2% 71| o4 s 7 78 8 40 5 % 81
2018 12 21 22| 3@ 3B N 38 3\ M a5 48 2 100 40 29 20 26 B3 95 85 920 100 B5) a8 34 45 86
2018 12 21 23| 3 23 &3 42 a0 28 % 3 M 4 52 M 3| 30 65| 81 79| 111 29 iz 29 7 ki 84
2016 12 21 24| 33 21| a7 B R 57 48 35 77 55 78] 70| 81 72 74} 27 5 # 72
2018 12 22 1 M O AH R 42 28 23 43 43 G0 37 29 M| 37 54( 67| 63| 80 70 76 26 34 » 68
2018 12 22 2| 30 17| 29 39 33 o2 3B/ 54 M 58 39 33 3| 40 57| 68| 60 80 T4 75 24 36 # 69
2016 12 22 3| 35 25 2 0 3 M 55 52 36 42 32 1 | 38 so| 68| s a2 84 & 30 40 *® 69
2016 12 22 4| 3B R 29 44 T ] 54 57 45 W 30 M| 35 56| 63 56 T3 67 74 34 43 ko 65
M8 12 22 5| 20 28 ) il 41 38 52 64 47 49 35 32 35 35 58 62| 83 T3 87, B4) 27 44 w ]
M8 12 22 6| 35 28 B # 3 45 I T W 45 35 4 97| a7 52| 66 5o 6§ 101 kil 32 4 '] 0
a8 12 22 7| 35 21 44 36 42 3 67 25 51 33 40 3 32 48 57) 54 &5 73 7 28 40 38 52
Table 10. PM-2.5 Watch day(2019/1/15) by each site

Central Contral

Year GG P ¥s M HD BG (R Ava.
2019 M 4 2 41 EFEEEES 38 39 M 3| 39 40 51 53 50 56 42 76 3 7] 49
2019 34 ) 31| 33 B M B 38 4 3 2 3 44 50 4357 52 6z | 2 33 M 51
2019 30/ 26 26 24 29 34 19 44 45 37 % 3 44 43 o’_ﬂ‘ 49 5 30 27 8 50
2019 33 41 ] 3N 3B 43 41 37 28 39 458 47 44 103 55 LE H 34 k-] 60
2019 S 34 s a2 M a0 @ 40 44 35 W 32 45 51 46 50 56 45 M 34 w 50
2019 a3 46 35 37 48 B0 46 53 48 39 A 42 a6 a8 & 4] 49 5 45 ] 52
2019 52| 57 81 50 83 82 63 a7 51 60 e8] 61| a0 79 51 43 &2 53 66
2019 & [ 63 60 68 78| 84| 61 w 65 | o7 73| 62 100 91| [es | & 68 8 m
2019 76 77 72| T8 76 88| 68 72, 70| 65| 78 95 111 108 a0 4 76 76 "
2019 a9 92 82| 76 sa| 98 72| 88 86| e8| 107| 79 118 a4l 102) 80 85 ] 95
2019 93 90 92 86 93 104) #1 a3 93i- 91| 110 97 133 100 a7 76 Ll .2 108
2019 o 36 89 87 97| 10| a7 89l 106 109| 99| 132 108] 90 78 93 L] 107
2019 9% 89 g8 g8 94 103| 85 7 83 101) 103 95 110 7] B0 T 92 85 98
2019 80 88 80, 80 87| HJ T T2 88 90| T4l %6 a0, 67 it} B4 8 85
2019 a4 L1} 56| 87 71| &8 56 74 73 67| 66 50| 76 74 B4 63 T 73 68
2019 80 60 54 59 66| &g W 8 60| 89| s m 82 sof | 82 ] 5 66
2019 4 [ 61 55 68| 68 &7 8 52 64| 74] 58 s 82 83 49 62 80 B8
2019 | s | 8l 54 55 69] 75| 54| 53 so 61 a8 sz | &7 53 ar 63 61 62
2019 52 4 K| 51 49 M 39 37 42 4 45 45 48 4T &7 50 45 43 45 H 44
2019 5 40 35 4148 J 3943 42 w0 a2 W8 a5 60 50 43 40 7 49

Table 11. PM-2.5 Watch day(2019/2/1-2) by each site

i

M D BG
21 k) 3 48 27 2 ]
2 1 38 53 53 35 45 44 47
2120 4% 54 63 4 55 52 54
2 1A | 54 61 52 51 58 59 57
21 = 66 63| 53 %9 72| ar &7 64 &7 63
2 12 72 T 83 71 67 74| 68 73 74 68 T 72
2 1M | 8 0 73 64 81 76| T2 98 i) 74 75 76
221 ™ 76 B ™ TE T3 69 86 T8l T8 ™ 75 el 80
2.2 2 8 80| o ™ 83 86| 73 91 88l 82 84 v ] 82
2 2 3 TBI 79 & 73 76 82 80| 87 80| &2 a5 76 80 7
2 2 4 61| 61 58 @ 51| 57 59 58 5T 55 5 Lix] 58 21] 57
21 2 2 5| 51 48 45 39 46 24 3T 35 M 3| 51 52 40 45 41 37| 42 3} 49 49 M4 5 50 9 44 45
2021 2 2 6| 42 46) 38 37 3 3630 35 33 37 32| 41| 39 34 42 35 | 34| 32 3/ 40 3T B 44 34 a 38
201 2 2 7| 3 3 » 36 370 33 33 3 40 3| 37 44 36 38 37 3 38 I I 40 I M 3 3% B 3
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gad PM-25 BEE QY OFUINY  ¥aol g

9x|ol wet o 71EES K8s
(Duncan’s LSR 782 ol83i9ick. Wrio] o & 2102 1 Zuks m130] Uehjolnt. S5 B

Table 12. PM-2.5 Watch day(2021/3/29-30) by each site

Date Eastern Central Eastorn

Year M D H|YS G GG JP ¥YS M) HD BG CR Avg.

021 3 29 6| 54 50) 48 49 48 53 52 62 56 55 50| 50 54 50 59 41 44 S0 45 44 50 47 58 60[ €5 64] 60) 52 53 56
2021 3 20 7| 81| 52 88 57 54 6059 69| 63 e4 57| e1) 67| 60| e9| 54 51 e1) 53 56| ee| 57| es| ee| 72 65 63 &7 80 63
2021 3 20 8| 83 61| 63 69 66 66 o7 76 66 73| 8| 76 73] 70| 73 67] %8 7o s2 =55 74| 50| 69| 75 76| 69 74 72 &8 67
2021 3 20 o 81 78 ™ 69 T 81 70| 86| 79| 7o| 69| 4| 79| 74| 78| 7o 68 75 56 5o o7 S0l 80| 7e| 84 83 74 T8 75 0
2021 3 20 10| 85 B4 T TE TS5 B3| 68 80| 83| 82 76| B3| 79| BO| BB 69 ?‘3' 78| 67| 65 80| 65| 82| 81| B2 B5 81 85 78 76
2 3 XN a9l 91 105, 110 86 108 73 94) 96| 122| 102| 126 92| 97| 105 81| 98 84 106 113 128 136 133' 102' 107) 89 100 a0 a9 13
a1 3 20 12| 91| 93] 119) 116 110 13787, 141| 156| 148] 121 138[ 112| 104] 110| 81| 96| 97| 99 124] 133 144] 140] 167| 145| 147| 129 92 126 136
2021 3 29 13| 119) 111] 115 124| 104 125 125 1500 156| 133] 107| 130 114 111| 126 100| 115' IZII 122’ 128 132| 154] 134| 135 171| 163] 151 15 127 143
2021 3 20 14| 140) 138) 136 143 124 128 148 179) 167 134| 118) 138) 123 119) 146/ 113 133: 132: ‘Id?: 138| 143) 174| 135 1B4| 1B3| 1BO{ 162 138 142 161
221 3 29 15| 152 146 | 153 124 145 124) 166| 196| 160| 125| 153| 133| 130 156| 128] 147 134] 143 145 150 169| 154] 179 188| 176] 155) | 149 149 162
2021 3 20 16| 164 160) 160 148 168) 137 169| 184] 179) 154 182| 143| 135| 15| 128] 148 143| 143 153 171| 188( 181) 176 171| 60| 149| | 162 162 167
2021 3 20 17| 152 148 17:!_ 1?2_ 157 170 146, 174| 186| 181| 156) 1B0| 162 151| 171| 123| 142 137 153| 160 173 184| 177| 178| 174] 170 141 150 168 152 168
2021 3 20 18| 144) 145 177 183| 159 177 145 182| 195 181| 153| 174| 164 154] 182{ 137 ISSI IIQI 153. 159 171] 181 175' 180' 182 162 140 145 172 155 167
2021 3 20 19| 131 179| 190 185 162 183| 138 174| 202| 185) 161 183| 166| 151| 183| 151| 163 147| 160 165| 181 180| 175 185 179| 166| 150 | 166 176 163 171
2021 3 20 20( 170 183( 184| 188 170 176_ 126_ 164| 182 183| 160 183| 157 156( 193| 155 IEB_ 152_ 173_ 176 174) 179| 176 175 168 165 140 177 170 168 170
2021 3 20 21| 173] 180 153_ 1?2_ 154 1868 120/ 161| 174| 158| 141| 155 153 136/ 177| 148] 163 152 154| 154 150 163| ‘ISCII ‘ISHI 162 158) 130 177 159 155 154
2021 3 29 22| 166| 161 165 160 130 147 117) 148| 160| 131) 115 148| 135| 128] 154 131| 144 144] 143 144] 144 146| 141) 143 140 140] 130] | 164 141 141 142
2021 3 29 23| 145( 143| 148) 138 112 126 106 136| 147| 126 99| 133 122| 118] 130) 117| 133 131| 127) 131| 134] 134 139| 132| 143 136] 114] | 144 126 128 = 132
2001 3 29 M| 116 123 134] 122) 112 118 98 1200 134| 113 88| 135 117 108( 124] 101| 114) 113| 123| 125 ‘IZOE 1“. 12?. 1300 128] 110 120 116 116 125
2 3 301 ar| 11 95. ssi 85 80 71l TGl 85| 115 B7| 78 Bﬂl B3 67 91 73| 82 549 102 74| 100 114] 112 84 B1 85 0
20 3 30 2 T2 68 73| 67| 4 B0 43J bﬂj tvi_ 55| 54 TO .‘.v(:ij S60 5T 54 50 58 65 51 56 53 97 mn 59 Bl 60
2021 3 30 3| 66| 66| 66 62 55 52 40 52 58 56 43| 50| 51 40) 66| 55 %8| 53] 55 55 47 S0 58 50 46 44 69 &6 54 55 53

Table 13. Variance analysis (Duncan’s LSR test) of PM-2.5 (value = conc., unit : pg/m?3)

division| division

by regan| | 2 3 4 5 6 7 8 9 10 | 11 12 13 | 14 | 15 | 16 17 | 18
13.1

Station

1]
YH
HM
GA

J

BG
HD

SJ
CR
DY
GB

G
CH
YS1
DS

JS
YS2
MJ1

JP
GG

DJ
DC
DN
MJ2
NS
DP

JR

HJ

Significant level | 1.000{1.000|0.092 |0.080 | 0.536 | 0.062 | 0.086|0.052{0.100|0.736 | 1.000 | 1.000 | 1.000 | 1.000| 1.000 | 1.000| 1.000 | 1.000

15.1

15.9
15.9
16.4|16.4
16.8116.8
16.8116.8
16.9

17.6
17.9117.9
18.0118.0] 18.0
18.1]18.1]18.1
18.3]18.3]18.3
18.4118.4] 18.4
18.5]18.5]18.5
18.8118.8
18.9

19.4
19.5
19.5

20.1

20.7

21.2

21.7

22.3

22.8

23.6

sl = === qlalalornlnaln|lonnlalulalalnln|=|n|n
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Flg. 3. Cluster analysis result of PM-2.5.

Fig. 4. Division by cluster analysis of PM-2.5
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ASA AR S B85 PM-2.59] HAHE &
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M diAESD)-5+ 985D0)-d=7 Fee
(CH), (4)3M 7+ =AFSNS)- AT FRISHMI2)-At
St FHSDN)-Alst FFSR)-AVIT Vs
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Table 14. O3 Watch frequency by each site

AlggolT A& ALE|QT). 0F 4HA] Y2 U]A|
WXI(PM-10, PM-2.5)e} FstA| A&&]|1 glon],
olNIHA| b 2] 20159 Th71@AE 47T 19704 (5
B4, SR A, ZEENA, ABE7A)H oLt
T F ARIR 5401 AldE]o] 2022\ #Af 28714
(BR270A, G174, S04, AE97IA)R
it 544 FEUY #AZ Yol ARKIEES
o]-gsto] 1AIRt Hats=7F 0.120 ppm o= L}
ERbe B 7495 ARPIs 2o]H Hsig B14
of YERQITE. 201558 2022 d7HK] A7t 57
W oddsial 20219 0.43]/9o=2 7 A9l
2018 2.28]/'d02 7P =/ Ut HAE 3§
o LPslae 55 (2.4~3.4) 3/d, ' (0.3~2.6
34, 3% (0.0~2.3) 3/4, A% (0.2~1.5) 3]/d0
2 FHEEA] TSI 7V =1 A RHEA
A 7Pg GE 0= APIEII. o] Zuk= oA A
3 PM-2.5 0|8 USIp0) JutE]Qlon, 3
A|o] T2 MEAAX ] ol B W u]&o] AT
Aoz e Zlo=s UpERTh

Cha-2 201578 AA| 03 Fo| 87 UhE| A 2

< wey weidz 1ustel 157 Al UERjoic

L K

E

=

Eastern Southern Central Western Times/

YS2 GJ | ] [ JS:GA'YHDY T] CH GB DS: SJ |GG JP ' YS MJ HD BG CRHM.DC.DP: D] Hl DN JR MjJ:NS |station
2015121710 4 0i2 0:1:0 0:1:0 1410 1 1.0 6 5] 16
2016|2311 3 3.0 0. 2:0 0.3 2 1.2 2 2.3 1 3] 17
201713112 1 112 1:0.0 1:1:1 3.3 2 11 2 0] 14
2018|1214 14 6 2 4 3:0:1 112 2 3.5 10 1:0 1 2| 22
2019|2312 3 2.0 0 2.1 1:1.0 1.4 2.0 2 0. 0:0 1] 13
200001:312:2 0 192:3:0:0:0(1 . 1:1:2 111 1:1:1:0:1:0 0| 1.0
202112:1(11:0:1:1:0:0{1.0:1:0({0:2:0:0 0:1({0:1:0:0:{0:0:0:0:0] 04
2022|5:%5}2:0:3:1:1:1:0:0:0:0f41:0:0:1:0:4:2(1:1:0:0:0:0:0:1:1| 15
Total|19:27(14: 2 2112 :10:11.4 4 6 22:6:9:8:0:14:18}2 11:1:8:4:1:10:1:12] 11.2
;;IE;? 24:3411.8:0.7:26:1.0:1.3:11.4:1.3.0.50.8:0.3|0.7:0.8:1.1:1.0:0.0. 1.8:12.3|0.7:1.4:0.2:1.0:0.5:0.3: 1.3:0.5:1.5| 14
2015/5/26 .>o,w2 pom > 0.10 pom 2015/8/11 .>o,12 pom > 0.10 pom 2016/8/14 .>0‘12 pom > 0.10 ppm 2019/8/2 .>0‘12 ppm > 0.10 ppn

YS YS
CR J CR J
BG BG
o] oCc MJ o] pC MJ

YS YS

J J
Jp GA N GA
HJ HJ

SJ pY SJ Y
pS pS

(GB] GB]
s R s R NS
J J

Vs s
CR CR
G
8G 8G
o pc W o pc M

YS DP YS

psS

GBJ ON GBJ
R NS R
J J

Fig. 5. Ozone watch event in

eastern area (continued).
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3 RS FYFPEE, BIF)oHe} dua
o10] 5] &) 7{5H5)0]4 0.1 ppm o] 0.2 Fo}xl=
7497} rioz s Uerdel.

S 9, 20159 o]F dRUOIAT Folu W

SN O | AP EA HY AR B U 4%

Al & 13812 Artglon], 6o Wy Al
£ Ueoic gREeie oig Alewrt T 3
7P pron, A4k 159 77l40lA 224 10704
2 Y47} Soldet. Folu weiajel 24T 49
T BAE L =T EEY S0l 2 38, YT
Hersot o 28], B 295 o1 1899 )
Aol WY PR Ao 29T BAEY
T OIS L £GT BUEY JE7 I L 4
T WS 37 YRE L 57 YRS Y7
eSOt 7} 18]2 Uergcy,

2015/8/1

. > 0.12 ppm

. > 0.12 ppm

>0.10 ppm 2015/8/14 >0.10 ppm 2016/8/8 . >0.42ppm > 0.10 ppm 2021/4/21 . >0.42ppm > 0.10 ppn
| I ¥sI L vsT
CR CR CR CR
GJ GJ aJ [eY)
BG BG BG M BG
DJ IoC MJ oJ DC MJ DJ pC MJ DJ IbC M
S
YS YS Ys DP Ys
J ) J 4
JP GA JP GA JP GA G JP GA
HJ HJ HJ H
SJ DY SJ DY SJ oY SJ oY
DS DS pS DS
(GBT (G8] (GB] MJ| DN (GB]
S JR S JR INS JR NS JR H
J J J J
2022/7/15 [ >o0.12p00m | >010pom 2017/6/18 [ >0.12pom > 0.10 ppm 2019/9/9 M >o012p0m  >010ppm 2022/9/29 [ >0.12pom > 0.10 ppn
CR CR CR CR
GJ G
M BG HD BG BG M BG HD
DJ IbC MJ oJ bC MJ oJ pC MJ DJ IbC MJ
S S
DP YS YS DP YS DP YS
J J ) J
G JP GA JP GA G___JP GA G JP GA
HJ HJ HJ HJ
SJ Y YH SJ by SJ oY SJ DY YH
DS DS pS DS
M| ON Ga] Ge] DN Ga] M| ON Ge]
IS JR CH S JR INS JR NS JR H
J J J J
Fig. 5. Ozone watch event in eastern area.
2015/5/7 W>o20om  >010ppm 2015/5/17 > 0.12p0m | >0.0 ppm 2019/8/26 > 0.12 pom > 0.10 pom 2015/8/9 > 012 pom | > 0.10 pon
Ys YS YS YS
CR
aJ
BG
DJ IbC M
Ys
4
JP GA
H
SJ oY
pS
(GB]
NS JR
2017/5/18 > 0.12 pom __ >0.10 pom 2017/6/4 M >o012p0m  >0.10ppm 2020/8/18 [ >0.12pom | >0.10 ppm 2021/9/9 W>o2pom  >0.10ppn
YsS Ys Ys YS
CR CR CR CR
GJ GJ GJ GJ
BG BG M BG M BG HD
DJ IbC MJ oJ bC MJ oJ pC M DJ IbC M
S S
YS YS DP YS DP YS
J J J J
JP GA JP GA G___JP GA JP GA
HJ HJ HJ HJ
SJ Y SJ py SJ oY SJ DY YH
DS DS pS DS
GBI <5 DN €| MJ| ON el
IS JR S JR INS JR NS JR
J J

Fig. 6. Ozone watch event in southern area (continued).
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Al mj, 20154 0]% Zx¥Ud
ARl & 103]9.00, 72170 W

2019/5/8 >0 2pom  >0.10 pom 2016/8/2
Ys

CR
GJ
BG
o] oc MJ
DP YS
J
Jp GA

HJ

pY
pS

2018/6/24 [ >0.12pom > 0.10 ppm

YS
CR
GJ
BG
DJ pC MJ
YS
J
J° GA
HJ
SJ Y
]
S JR

Fig. 6. Ozone watch event in southern area.

2019/6/20 [ >o0.12pom|  >010pom 2017/5/29 [ >012pom  >0.10pom 2018/7/13 > 0.12pom  >010pem 2018/7/14 [ >012pom | > 01
Y

g S Vs
o ] Cal | |_

GJ GJ GJ
BG BG BG BG
o] oC MJ DJ v} MJ DJ pC MJ
DP YS YS ¥S
J J J
G __JP GA JP GA N GA
HJ HJ HJ
SJ pY SJ pY SJ oY
pS ps pS

o | @ ) Ga]
IS JR NS JR S JR
J J J

2018/7/18 > 0.1200m  >010pom 2017/5/22 [ >012p0om |  >o0.10 pom  2018/6/6 [M>o2pom  >010pem 2022/7/20  [>012pom >o01

s s s
[eizl CcR CcR cR

GJ GJ GJ
BG HD.
o] oC MJ DJ v} M DJ pC MJ
YS YS YS
J 0 J
N GA JP GA N GA
HJ HJ HJ
SJ pY SJ pY SJ oY
pS ps pS

GB] [<E]| Ge]
IS JR NS JR S JR
J J &

Fig. 7. Ozone watch event in central area (continued).

2015/7/3 .>o.|2 ppm > 0.10 ppm 2016/5/31 .>o,12 ppm > 0.10 ppm
Y

YS
oA [ ]
GJ GJ

BG BG

DJ IDC MJ DJ pDC
YS
J J
JP GA JP GA
HJ HJ

SJ bY SJ Y

ps pS
(T =]
IS JR S JR
J J

Fig. 7. Ozone watch event in central area.
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Y4159 SIA0I 22971K] AR 4] BES 18, FRUS] JIHF §4elel FRUY
47} Solyth. Foluw weiAle BAAW FAT o S YFE 1sjolch
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B owY Al F 22900, 1Y9o] WHAW o) /PR IS T ARAGY PAT BAE o
AElg UEpoich Folu WAl 2HAL 5 ARIE YU 18], SRUcel /PR §aeie A
BHee] YT JIGeT G U 29T Y Heje] 87 HHE 1sjolck

2019/6/19 > o0.12pom  >0.10 pom 2017/9/10 Bl >o0.12pom  >0.10 ppm 2015/5/24 Ml >0.12pom  >0.10 ppm 2015/5/28 M >01200m  >0.10ppn
s e V5 Vs

CR CR CR CR
GJ GJ GJ GJ
BG BG BG BG

DP YS YS YS YS

pS pS s pS

. & @d s -@[’ r -ﬁd r -%[Iﬂ
J i J J

Fig. 8. Ozone watch event in western area.

2015/8/15 [ >012pom  >010ppm 2021/9/11 [ >012ppm > 0.10 pom
vs

Fig. 9. Ozone watch event in eastern and western area.

2020/8/19 . >0.42pom | > 0.10 ppm 2018/7/15 . > 012 pom | > 0.10 ppm 2022/8/23 . >0.42 ppm | > 0.10 pom
S ]

cRl Rl CR
M 8G 8G M BG HD

GJ

oJ oC MJ DJ pC MJ DJ pC
S S
DP YS YS OP YS

il J J
G __JP GA N GA G __JP GA
HJ HJ HJ

SJ pY SJ Py SJ PY YH

ON <1} (GB] Wi oN (Ge]
s R [oH s R S R A
) ) )

Fig. 10. Ozone watch event in eastern and central area.
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o WA, 2015 ole & U FHHEA9] 9] sf=ti+ &Hs, A+t tiAls 19]o]t.
W ARl & 38glon], 1120 WY obF WA, 20159 olF W % Aol Fof
AFEE UERUITH o) E gAY XA} 5 AP Ale § 18don, 1130 WP dE
=] =] = =] © 1=} =]
Dde] 3T BRET JRyco slery  AlRE ek Row weik SaAT ¢
5, 297 Y5, 7 YBE 18], FUY U ke B 29T Yobs, Avdsel 3
o 227 YFET GRUL] SOl AES AR =4F YL oixis 1jolch
18], FR@cle] Rably MEEa drgeel o WA 20159 0% £8 % ARele) xojw
2015/5/27 [ >012p00m | >010pom 2015/8/23 [ >012pom  >0.10pom 2015/6/10 > 0.12pom  >010pem 2017/6/19 > 0.12pom | > 0.1
YS YS YS |
CR CR CR
BG BG BG
DJ IoC MJ DJ IDC M oJ oC MJ
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iGB [GB GB
g 1ML - =g il il [ WS
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Fig. 11. Ozone watch event in eastern and western area.
2017/9/24 [l >0.1200m > 010 pom 2020/6/28 > 0.12 pom > 0.10 ppm 2021/8/1 M >om2pom  >0.10 ppm
Ys YS Ys
CR CR
GJ GJ
M BG M BG HD
DJ bC oJ bC MJ
DP Ys DP YS s
| J -
G___JP GA G GA
HJ HJ
SJ by SJ by YH
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; iy
Fig. 12. Ozone watch event in southern and central area.
2019/5/10 .>O.12 ppm > 0.10 ppm
Fig. 13. Ozone watch event in southern and western area.
2016/8/13 [ >0.12pom  >0.10ppm  2017/6/10 > 0.12pom  >0.40ppm 2017/7/22 [ >0.12 ppm > 0.10 ppm
YS Ys YS
CRl CRl CR
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Fig. 14. Ozone watch event in central and western area.
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2018/7/19 > 0.12pom > 0.10 pom 2019/5/4 W >o2pom | >o0.10ppm 2022/7/16 > 012 pom > 0.0 pom 2022/9/30 > 012 pom > 0.10 ppn

Vs Vs

Fig. 15. Ozone watch event in eastern,

2015/8/30 [l > 0.12 pom

southern and central area.

> 0.10 ppm
YS

Fig. 16. Ozone watch event in eastern, southern and western area.

2016/5/26 M>ow2pm  >010pom 2018/4/20  [>0.12p0m | >010pom  2019/5/23 B >0.1200m  >0.10 ppm
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Fig. 17. Ozone watch event in southern

, central and western area.

2019/5/24 . > 0.12 ppm >0.10 ppm 2021/6/8 . > 0.12 ppm > 0.10 ppm
| ]
CRI CRl
GJ GJ
BG M BG HD
DJ MJ oJ MJ

DP Ys

f
Jp GA

SJ pY
PS

HJ

S
YS

J
G GA

OP

HJ

ON
JR

MJ

| !
J

SJ Y
Ps

iGa] !
H
J

DN
JR

Fig. 18. Ozone watch event in eastern,

central and western area.
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2016/8/11
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Fig. 19. Ozone watch event in eastern, southern, central and western area.

Table 15. Variance analysis (Duncan’s LSR test) of Os; (value = conc., unit : ppm)

Station |division

72

6

7

10

11

12

GB

.046

YS1

.047

HJ

.047

.047

SJ

.048

.048

.048

DP

.049

.049

.049

MJ1

.049

.049

.049

JR

.049

.049

.049

JP

.050

.050

.050

HD

.050

.050

.050

DY

.050

.050

.050

DJ

.050

.050

.050

GA

.051

.051

.051

T]

.051

.051

.051

J

.051

.051

NS

.052

.052

.052

YH

.052

.052

JS

.053

.053

DN

.053

.053

MJ2

.054

DS

.054

GG

.054

HM

.055

CR

.055

CH

.055

GJ

.057

DC

.059

BG

.061

mOlS| ool S|lnln=|lnlnlnSlnalalsalslnl=0ln

YS2

.062

Significant level

1.000

.165

.060

.051

.065

.058

141

.072

.066

1.000

1.000

.387
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Fig. 20. Cluster analysis result of Ozone

Fig. 21. Division by cluster analysis of Ozone
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Table 16. Alert division of fine particle (PM-2.5, PM-10) with 5 regions
. No. of .
region slation Gu-Gun(site)
1 | Eastern 2 Gijang-gun|Gijang(GJ), Yongsu(YS2)]
9 Central- 5 Geumjeong-gu[Bugok(GB), Hwaedong(HD), Chengryong(CR)], Dongnae-gu[Myeongjang(MJ1)],
eastern Yeonjae-gu[Yeonsan(YS)]
Central- .
3 westerm. 4 Busanjin-gu[Jeonpo(JP), Gaegeum(GG)], Buk-gu[Deokcheon(DC), Hwamyoeng(HM)]

Gangseo-gu[Nocksan(NS), Daejeo(D]), Myeongji(MJ2)], Saha-gu[Dangni(DN), Jangrim(JR)],
Sasang-gu[Deokpo(DP), Hakjang(HJ)]

Dong-gulSujeong(SJ)], Seo-gu[Daseshin(DS)], Jung-gu[Gwangbok(GB)], Nam-gu [Daeyeon(DY),
5 |Southern| 10 Yongho(YH), Suyeong-gulGwangan(GA)], Yeongdo-gul(Cheonghak(CH), Taejong(TJ)],
Haeundae-gu [Jwa(]), Jaesong(JS)]

4 | Western 7

;-« r‘-“ﬁ -

Fig. 23. Resetted alert division of fine particle (PM-2.5, PM-10)

Table 17. Alert division of fine particle (PM-2.5, PM-10) with 4 regions

No. of
station

region Gu-Gun(site)

1 | Eastern 2 Gijang-gun|[Gijang(GJ), Yongsu(YS2)]

Geumjeong-gu|Bugok(GB), Hwaedong(HD), Chengryong(CR)], Dongnae-gu[Myeongjang(Mj1)],
2 | Central 9 Yeonjae-gu[Yeonsan(YS)], Busanjin-gu[Jeonpo(JP), Gaegeum(GG)], Buk-gu[Deokcheon(DC),
Hwamyoeng(HM)]

Gangseo-gu[Nocksan(NS), Daejeo(DJ), Myeongji(MJ2)], Saha-gu[Dangni(DN), Jangrim(JR)],
Sasang-gu[Deokpo(DP), Hakjang(HJ)]

Dong-gu[Sujeong(SJ)], Seo-gu[Daseshin(DS)], Jung-gulGwangbok(GB)], Nam-gu [Daeyeon(DY),
4 |Southern| 10 | Yongho(YH), Suyeong-gu[Gwangan(GA)], Yeongdo-gu[(Cheonghak(CH), Taejong(TJ)],
Haeundae-gu [Jwa(]), Jaesong(JS)]

3 | Western 7
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Table 18. PM-2.5 Watch(Alert) frequency by region
4 division Eastem o Sogthern | e Western | _ o Cenfral
GJ YS2| J {GAGB:DSDY SJ:T]: JS CH YH|NS DJ .DC H  JR DP DN HM M2|CY BGM1YSL JP. GG HD
2015 3 (0) 4 (0) 5 (0) 6 (0)
2016 3 (0) 4 (0) 6 (0) 3(0)
2017 2 (0) 3(0) 3(0) 3(0)
2018 1 (0) 4 (0) 3 (0) 2 (0)
2019 3(0) 5(0) 8 (0) 5(0)
2020 0 (0) 0 (0) 1(0) 0 (0)
2021 4 (1) 4 (1) 4 (1) 3 (1
2022 1 (0) 1 (0) 3 (0) 1(0)
Total 17 (1) 25 (1) 33 (1) 23 (1)
times/yr/ | 4 3.1 4.1 2.9
region T
5 division Easf(em B Soqthern o Western anha}—egsteyn Cephal—westem
G] YS2| ] GAGBDSDY: S] TJ:JS CH YH|NS DJ HJ:JR :DP:DN:MJ2|CY : BG M]1YSL:H[] JP  DC ' GG:HM
2015 3(0) 4 (0) 6 (0) 6 (0) 6 (0)
2016 3(0) 4 (0) 6 (0) 4 (0) 4 (0)
2017 2 (0) 3 (0) 3 (0) 3 (0) 3 (0)
2018 1 (0) 4 (0) 3 (0) 2 (0) 2 (0)
2019 3 (0) 5 (0) 9 (0) 5 (0) 5 (0)
2020 0 (0) 0 (0) 1(0) 0 (0) 0 (0)
2021 4 (1) 4 (1) 4 (1) 3(1 3(1)
2022 1(0) 1(0) 2 (0) 1(0) 1(0)
Total 17 (1) 25 (1) 34 (1) 24 (1) 24 (1)
tmes/yr/ |y ) 3.1 43 3.0 3.0
region
Table 19. Alert regional division of Ozone
region gtg’;ic?ri Gu-Gun(site)

1 | Eastern 2

Gijang-gun[Gijang(GJ), Yongsu(YS2)]

2 | Central 7

Geumjeong-gu[Bugok(GB), Hwaedong(HD), Chengryong(CR)], Dongnae-gu[Myeongjang(MJ1)],
Yeonjae-gu[Yeonsan(YS)], Busanjin-gu[Jeonpo(JP), Gaegeum(GG)]

3 Central- 9
western

Buk-gu[Deokcheon(DC), Hwamyoeng(HM)]

4 | Western 7

Gangseo-gu[Nocksan(NS), Daejeo(D]), Myeongji(MJ2)], Saha-gu[Dangni(DN), Jangrim(JR)],
Sasang-gu[Deokpo(DP), Hakjang(HJ)]

Southern
-eastern

Nam-gu[Daeyeon(DY), Yongho(YH), Suyeong-gu [Gwangan(GA)], Yeongdo-gu [(Cheonghak(CH),
Taejong(TJ)], Haeundae-gu [Jwa(J), Jaesong(JS)]

Southern
-western

Dong-gu[Sujeong(SJ)], Seo-gu[Daseshin(DS)], Jung-gulGwangbok(GB)]
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Fig. 24. Resetted alert division of Ozone

Table 20. Ozone watch frequency by region

4 Eastern Southern Western Central
division | G] 'YS2| ] GA GB DS DY SJ TJ JS CH YH|NS Dj DC: HJ ' JR DP DN HM Mj2|CY BG MJ1:YS1

2015 |6 2 4 6 1

2016 |2 211 2 1 2 11 1 2 2

2017 |1 2 |1 1 21 2 3.2 1

2018 |3 2 (3 4 1 1 1 4 1 1

2019 |3 1 2 1 2 1 1 2 2 3

2020 | 3 1 1 11 1

2021 |1 21 1 1 1 1

2022 |4 3 2 1 1 11 3 1

Total |23 147 17 1 3 3 1 1 3 1/4 2 8 2 9 0 0 0 1/137 5 4 4 0.0
sum 37 40 26 32
t‘f;egsg;/ 46 5.0 33 40

l

6 Eastern Southern-eastern Southern Western Central- Central

o -western western
division | vy | 'GADY Tj JS CH'YH ] | GB DS |NS DJ HJ JR DP DN M2 CY BG MJ1'YS1 JP | GG HD
2015 |7 2 4 1 1 6 1

2016 |2 2|1 3 112 2 1 2 2

2017 |1 2 |1 1.2 1 1 2 3.2 1

2018 |3 23 4 1 1 3 1 1 4 1 11

2019 |3 1 2 2 1 2 2 3 1

2020 | 3 1 1 2 1 11 1

2021 |1 211 1 1 1 1 2

2022 |4 3 1 1 1 11 1 3 1

Total |23 147 143 5 1 3 1|2 4 5[3 2390 0 112 0[13:7 5 4 4 0 0
sum 37 34 11 18 12 32
times/yr/| 4 g 43 1.4 23 15 40
region
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