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Abstract

The chemical and meteorological effects on the concentration variations of air pollutants (Os and its pre-
cursors) were evaluated based on ground observation data in coastal and inland regions, Busan during springs
and summers of 2005-2006. For the purpose of this study, study areas were classified into 5 categories: coastal
area (CA), industrial area (I1A), downtown area (DA), residential area (RA), and suburban area (SA). Two
sites of Dongsam (DS) and Yeonsan (YS) were selected for the comparison purpose between the coastal and
inland regions. Oz concentrations in CA and SA were observed to be highest during spring (e.g., 40 ppb),
whereas those in DA and RA were relatively low during summer (e.g., 22~24 ppb). It was found that O
concentrations in 1A were not significantly high although high VOCs (especially toluene of about 40 ppb)
and NOx (= 35 ppb) were observed. On the other hand, the concentration levels of Os and PMy, at the DS
site were significantly higher than those at the YS site, but NOx was slightly lower than that at the YS site.
This might be caused by the photochemical activity and meteorological conditions (¢.g., sea-land breeze and
atmospheric stagnance). When maximum O; (an index of photochemical activity) exceeds 100 ppb, the con-
tribution of secondary PMie ((PMio)sec) to total observed PM,o concentrations was estimated up to 32% and
17% at the DS and YS sites, respectively. In addition, the diurnal variations of (PMig)sec at the DS site were
similar to those of O; regardless of season, which suggests that they are mostly secondary PMyo produced
from photochemical reactions.
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Fig. 1. Study domain including the monitoring sites for
air pollutants (5-pollutant and VOC) and meteoro-
logical variables in Busan. Measurement locations
for 5 air pollutants are assigned as: A, B, C, and
D = coastal area (CA); E, F, and G = downtown
area (DA); H, I, J, and K = residential arca (RA);
L. M, and N = industrial area (IA); and O, P, and
Q = suburban area (SA). Legends, 5-pollutant (@),
meteorological variable (1), and VOC (a), in the
figure indicate the observation sites for air pollu-
tants and meteorological variables, M1-M10 and
V1-V5 indicate the meteorological and VOC mon-
itoring sites, respectively (Ml: Dongsam, M2:
Daeyeon, M3: Suyoung, M4: Haewundae, MS5:
Busan weather station, Mé6: Busanjin, M7:
Dongrae, MS8: Jangjeon, M9: Deokcheon, M10:
llgwang, V1: Daeyeon, V2: Danggam, V3:
Jangjeon, V4: Deokcheon, and V5: Jeonggwan).
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Table 1. A statistical summary of pollutant species (in ppb) and meteorological variables for five areas measured at
several monitoring sites in Busan during spring and summer of 2005-2006

Pollutant species

Meteorological variables

Aea Seson 0 N0, O NO, NO S0P BEN TOL  EB MPX }ri%/ T"%&OC W(“md :‘;’;ed Tem("%’?t“re
CA' Spring 40:17 20225 4005177 23514 77214 00200 19614 1236124 42:50 76890 30510 46832  28:07  153£l6
6410° 6388 6600 6388 6388 1895 1895 1895 1895 1895 638 1895 2544 254
Summer 3121 2822 3694181 (9512 92413 0407 17412 1435153 46252 85606 22:11 S0:45 24206 242405
945 7888 8184 7888 T8 2149 2137 2157 2136 2155 7888 2136 M6 3456
A Spring 3115 3624 423184 27:14 944l 03:07 21822 3776609 S8:T1 123+170 32612 3450  NMT NM.
ST ST S0 ST STOT 84S 184S 184S 184S 184S ST0T 1845
Summer 26417 35419 31173 26512 10810 03:04 17518 3982667 1285500 371276 28513 50:93  NM.  NM.
6835 6910 056 6010 6910 1857 2290 290 290 290 6910 229
DA Spring 2915 4132 SO8:245 31217 12419 NM. NM. NM.  NM.  NM. 27:08 3007 151422
SS49 S84 ST0 S4d  S4%d S4g4 W4 25
Sunmer 2517 40531 143768 2817 14419 NM. NM. NM.  NM.  NM. 20409 2406 239221
6956 6861 705 6861 6861 6861 56 3456
RA  Sping 3116 3526 4721281 27315 10+14 02105 21412 504155 36839 62670 28L1 30223 23406 155225
15 600 6600 6210 6210 185 1821 Is3 1838 180 6210 181 2544 254
Summer 2418 28+18 4205185 2012 84489 07415 18413 193£163 46162 82:82 27+14 4226 19805 249222
8668 8704 9408 %I04 R4 2% 181 M MM 2SS 2 M 3456
SA  Spring 3517 24418 3962175 19511 64490 01405 23820 1542132 31832 6368 33£13 5154 23408 151428
s34 5351 ST60 SISLOSBIOT AT M6 v ;S sS4 54
Summer 21422 23£17 3198 21[3 58263 11H12 21417 2624185 4584 8875 3Tl 62:54 17407 237423
6839 6439 0 649 6439 1666 1655 1655 1656 165 6439 1655 3456 3456

"CA: coastal area, 1A: industrial area, DA: dowatown area, RA: residential

Meant1g; "Number of data.

area, SA: suburban area;

"NM. = Not measured.
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Table 2. Characteristics of wind direction for five areas measured at several monitoring sites in Busan during spring

and summer of 2005-2006

CA 1A DA RA SA
Wind Frequency (%) Frequency (%) Frequency (%) Frequency (%) No. of days (%)
direction  Spring Summer  Spring Summer Spring Summer Spring Summer Spring Summer
N 308 (3.0) 326 (2.4) ! 183 (3.6) 208 (3.0) 244 (3.2) 310 (3.0) 2239 (8.8) 295 (8.5)
NNE 1091 (10.7) 1011 (7.3) 2755 (54.3)3799 (55.0) 612 (8.0) 995 (9.6) 143 (5.6) 717 (20.8)
NE 1048 (10.3) 1701 (12.3) 138 (2.7) 158 (2.3) 857 (11.2) 1176 (11.3) 60 (24) 94 (2.7)
ENE 1098 (10.8) 1876 (13.6) - 128 (2.5) 128 (1.9) 983 (12.9) 1412 (13.6) 78 (3.1) 92 (2.7)
E 576 (5.7) 1274 (9.2) - 99 (2.0) 104 (1.5) 482 (6.3) 696 (6.7) 102 4.0) 188 (54)
ESE 206 (2.0) 390 (2.8) - 50 (1.0) 86 (1.2) 262 (3.4) 469 (4.5) 152 (6.0) 290 (8.4)
SE 214 (2.1) 322 (2.3) 67 (1.3) 147 2.1) 170 (23) 322 (3.1) 183 (7.2) 204 (5.9)
SSE 348 (3.4) 469 (3.4) 227 (4.5) 489 (7.1) 238 (3.1) 344 (33) 125 (49) 160 (4.6)
S 498 (4.9) 976 (1.1) 392 (7.7y 517 (7.5) 413 (54) 538 (5.2) 147 (5.8) 131 (3.9)
SSwW 775 (7.6) 1062 (7.7) 128 (2.5) 180 (2.6) 622 (82) 812 (7.8) 239 (94) 200 (5.8)
SW 1155 (11.4) 1627 (11.8) - 76 (1.5) 87 (1.2) 775 (10.2) 893 (8.6) 246 (9.7) 220 (6.4)
WSW 1534 (15.1) 1415 (102) - 41 (0.8) 112 (1.6) 420 (5.5) 544 (5.2) 122 (4.8) 117 (3.4)
\ 408 (4.0) 392 (2.9) 84 (1.7) 192 (2.8) 385 (5.0) 498 (4.8) 107 4.2) 87 (24)
WNW 338 (3.3) 263 (1.9 217 (4.3) 265 (3.8) 555 (7.3) 599 (58) 185 (74) 155 (4.5)
NW 312 (3.1) 348 (2.5) 209 (4.0) 233 (3.4) 405 (5.3) 494 (4.8) 230 (9.0) 286 (8.3)
NNW 267 (2.6) 372 (2.7) 282 (5.6) 207 (3.0) 209 (2.7) 286 (2.7) 202 (7.9) 220 (6.4)
Sum 10176 (100) 13824 (100) 5076 (100) 6912 (100) 7632 (100) 10388 (100) 2544 (100) 3456 (100)

*
- = Not measured.
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Fig. 2. Correlation between O; and total VOC/NOx for four areas (CA, TA, RA, and SA) during spring and summer

of 2005-2006.
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Fig. 3. Diumnal variations of Oz (ppb), NO, (ppb), NO/NO, and PMys (ug m~) at DS and YS sites during (a) spring
and (b) summer of 2005-2006.
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Fig. 4. Frequency of wind direction at DS and YS sites during spring and summer of 2005-2006.
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Fig. 5. Diurnal variations of estimated secondary PMo concentrations at three different photochemical activities (e.g.,
60 < max O; < 80 ppb, 80 < max O3 < 100 ppb, and max O; > 100 ppb) at DS and YS sites during the
study period. Legends, (PMyo)sec, m, (PMio)sec, i, and (PMyo)sec, 1, denote the secondary PM)y concentrations
at the three photochemical activities.
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Fig. 6. Fractional contributions (%) of estimated primary (i.e., (PMio)») and secondary PM;, concentrations (i.e.,
(PMio)sec) to total observed PMyy concentrations at the three different photochemical activities (e.g., 60 < max
O3 < 80 ppb, 80 < max O3 < 100 ppb, and max O; > 100 ppb) at DS and YS sites during the study period.
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