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The Exceedance Patterns of O; Air Quality Standards
from 31 Monitoring Stations in Seoul
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Abstract: In this work, we investigated the ozone data sets that exceeded ambient air quality standards from 31 air
quality monitoring stations dispersed across the Seoul metropolitan city during the period covering 1990 and 2000. To
specifically describe spatial dependency of high level O; occurrence, we grouped our data into four different geographical
sectors (NE, SE, SW, and NW). When the results were examinated at 24-h scale, we confirmed that the duration for
ozone exceedance is much longer in SW than the other three sectors. When we compared the exceedance data in terms
of occurrence frequency, the month of maximum frequency differed slightly among different sectors. Examination of long-
term exceedance trend indicated that its frequency increased continuously from all sectors over the past years, although
slightly opposite patterns existed in their absolute values. Most importantly, its peak occurrence frequency seemed to
center in very recent years such as 1998 (NE sector) and 2000 (all pattern sectors except NE). Consequently, we were
able to describe the existence of certain patterns of ozone exceedance data sets in terms of both temporal and spatial
scales.
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Table 1. The site code information of 31 air quality monitoring stations located withihn the city boundary of Seoul. The
exceedance data for each station were compared among four different sectors divided on the basis of their geographical
locations.”

- Initiation of measurement

Station Staﬁ(z))n Site Name Sit_e ) Land-lsl)se
Code No. abbreviation type 0,
(1) Stations at NE sector
Al 4 Guui GuU R PT90”
A2 7 Seongsu SS C PT90
A3 8 Banghak BH R 1 Jan 92
A4 15 Beon-Dong BD R 1 Jan 98
A5 17 Sanggye SG R 1 Jan 98
A6 19 Myeonmok MM R PT90
A7 20 Sinseol SS2 R PT90
AgY 26 Ssangmun SM R PT90
(2) Stations at SE sector
B1 6 Banpo BP R PTS0
B2 9 Bangi BI G PT90
B3 12 Cheonho CH C 1 Jan 98
B4 24 Daechi DC R PT90
B5 25 Jamsil JS R PT90
B6 31 Yangjae Y] R PT90
(3) Stations at SW sector
Cl 1 Guro GR I PT90
c2 2 Hwaguk HG R 1 Jan 92
C3 5 Gung-Dong GD I 1 Jan 92
Cc4 13 Sadang SD R 1 Jan 98
(65} 14 Siheung SH R 1 Jan 98
C6 16 Sinjeong SI R 1 Jan 98
Cc7 23 Mullae ML I 1 Jan 92
C8 30 Oryu OR R PT90
c9 28 Gwanak Mt. GA R PT90
(4) Stations at NW sector
D1 3 Namgajwa NG R PT90
D2 10 Hannam HN R PT90
D3 11 Ehwa EH R 1 Jan 98
D4 18 Gwangwhamun GH C -
D5 21 Bulgwang BG R PT90
D6 22 Mapo MP R PT90
D7 27 City Hall CH R PT90
D8 29 Gireum GE R PT90

“For information concerning geographical locations of those four sectors, refer to Fg. 1;

OThe simple numerical numbers designated for each station are original code used by Seoul city;

“The capital letters of G, R, C, and I used for land-use type denote grassland, residential, commercial, and industrial,
respectively;

“For station A8, measurement data are available only up to the end of the year 1997.
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Fig. 1. A map of geographical location of air quality
monitoring  stations. All of these stations were eventually
grouped into: (1) NE: Al~AS8; (2) SE: Bl~B6; (3) SW:
C1~C9; (4) NW: D1-D8.

#n o =2

HANFol A

AA FHZA72 19909ERE 2000374 BE
ZAYEANN BEH oE WV 23 APEE
Yolry] 95k 71 71220 HITHHOE, Table 2
o AAE nle} o] A7t V&2 FEARE
L3tk s ol QEY At &R B2
29 i3 EAx Frtsignt). M AR 4t
A vl ok WA JE ZAH-E o 7)
Fx)9] Z3}F wNIEE $MHoz BAs) HYT
A A7 B A BE7IEA] 100ppbE
7 WhdslA 239 AP A3(N=230, 1151 +
13.9ppb)e2 YERdth 1 HE olo] B2(N=208,
115.1 £+ 14.8ppb), CI(N =107, 119.8+24.7ppb)°| wh
gk Wz Adgle]l T 7lEY] HETESE =
I BE A QoA A& Faese Z7|E B
s 2 Az, C1(119.8 £ 24.7ppb, N=107) D7
(119.6 = 11.5ppb, N=12014 7H¢ & 2355E
Yepdtl, 23559 A D8(102.5 = 2.1)°2
el 235 Hd 9 A YFFEE 7
okl AAHo= AT Aol A Yot
AAZ qFRY AHelA wlnA FUdsiA 110ppb
2 A3lthe 2AE=E 7158

AZE Ve 2Ipsrwe] WAIRTES Hughe
A7|ep B HEFE 71E0R Hwsl Hglth 8
AZE ZTEAE el AW At go] 94, oF,
AYor FEIAT tE oF Akl =335
7t AFHOR Fhle A B & 4 Utk &
Aol 7F BE 2ALE B X2 CIN=3,
743 £ 13.6ppb)elA ey}, 2H3T} 33]e] IR
ATk A3 QF(N=103, 69.9 + 7.8ppb)t A4
(N=38, 69.9 £ 9.0ppb) AlZHdle]l ThE Ao wsj
7V Be 2A34E Holg Ao Yehith %
FeEE 249 C1(743 £ 13.6ppb, N=3), 259
A1(77.8 £ 95.8ppb, N=95), A9 A]7HH<l C1(78.7
£ 180ppb, N=7) AHAX 7FF A ettt

BERoNe 229 23434 A4S dad] 333
W 2IEE vlaske e g, o]
u] ANEE uil 2ol (A-EAIE) 4 BHOE I
Ao eELEAYY] e Tetetaat st
(3 7 dgdE SElgle 4 B39 M2 o
2rhe A AIE, HlaE $AT 29A vl
2 Y3k olE 8l Fig. 2014 A A771%
A TR WAFIS 4 AY VEoR F
ATk K7 7189 2AAEE o83 4t A
Ziztel| st 23bs=rt Exfske Aol =
ale] A)zbE Hage Al ¥, ol EdE o
A e AN ol ARE UA 2GEEe
=719} ZHAAe] YANEE F4l0 2 uws) Bt
o 2 A3 FAele FEE 2ozt @A W
Ebsttt.

A zIEEY 27l tiF ARE vREE,
238 90| Zub] Xsxrt FAFH Ul ukEl, 90
o) bl AEoE 23bsR] A7|7F 724
Ao| geldn}. oo ¥, 3 Az g 7
FAS vas] HY, e AFEFE WA T
7Vehe S AT 4 ek 53] o9 e AN
< EZ(NE, SE) AYeA FeeRle Ao EH
qct. 2FExe] 7t #Aidke A4S A
Aot 8 2HEAY FEATH o] ti7]E &
g7b o)Folzl TFHE o= Ak WYse Zlo=
welrh wha Zypswe] wANIErt #Es] ket
E AL 9Fo| ogt QgEA ulE et &
ojtA] % A FAAY] HWtAl SAE wdst
= AR 72Ed F glg Fojth

o 12 i ol

¢

FiLy



2F9| #WIE Aniutl tist o 687

Table 2. A statistical summary of the exceedance data for Os measured from all stations during the study period. Results are

compared between two different criteria of 1 and 8-hr.

05 (1 hour) O; (8 hour)
Station code Station abbr. MEAN=SD(N) MEANZ SD(N)
M A N
(1) Stations at NE sector
Al GU 111.9+10.8 (159) 71.0 (1) 77.8 £95.8 (95) 66.7£10.5 (9)
A2 SS 112.8£11.4 (179) 69.9 +8.1 (68) 68.4+5.5 (8)
A3 BH 115.1+£13.9 (230) 63.0 (1) 69.9 £7.8 (103) 69.6+:9.0 (38)
Ad BD 113.1£12.1 (50) 67.0 £6.2 (19) 64.0+2.6 (3)
AS SG 114.6£12.3 (40) 65.8 £4.0 (17) 654+54 (7)
A6 MM 1143£79 (9) 66.5 £1.9 (6) 64.0 (1)
A7 SS2 107.0£4.2 (2) 61 (1) 713165 (3)
A8 SM 1163£12.7 (45) 70.79 (1)
(2) Stations at SE sector
Bl BP 116.6120.3 (108) 65.0 (1) 68.311£7.4 (55) 67.1+8.9 (10)
B2 BI 115.1+14.8 (208) 62.0 (1) 704 8.7 (88) 64.813.6 (10)
B3 CH 1143£11.7 (46) 67.0 £69 (17)
B4 DC 1169£11.9 (14) 67.7 £40 (D) 69.5+7.8 (2)
B5 JS 117.51£22.5 (41) 741 £11.7 (11) 61.0 (1)
B6 YJ 69.5 £64 (4)
(3) Stations at SW sector
C1 GR 119.8£24.7 (107) 7431136 (3) 727 £16.3 (43) 78.7£18.0 (7)
C2 HG 114.5+£14.0 (58) 71.0 (1) 68.4 £7.8 (34) 66.0+3.2 (4)
C3 GD 115.9%13.6 (61) 69.9 £9.0 (32) 612104 (5)
Cc4 SD 109.2+9.2 (33) 66.7 £5.0 (14) 71.2+9.0 (6)
C5 SH 104.7£3.4 (10) 65.7 £4.5(7)
c6 SJ 108.618.0 (42) 65.5 £5.1 (20) 64.2+2.9 (6)
C7 ML 111.3+11.2 (12) 74.6 £6.6 (5) 63.5£35 (2)
C8 OR 1159£93 (7) 694 +55 (5) 63.0 (1)
c9 GAS 106.0£2.9 (8) 643 £23 (3) 73.6+13.2 (5)
(4) Stations at NW sector
D1 NGJ 114.1£12.0 (60) 69.3 £8.8 (43)
D2 HN 109.8%8.8 (77) 68+7.1 (2) 67.5 £5.5 (35) 7231+14.0 3)
D3 EH 110.0+8.8 (46) 71.0 (1) 65.7 £5.2 (26) 62.8+24 (4)
D4 GHM - 67.6 £6.2 (8) 68.5+5.0 (2)
D5 BG 1104£9.7 (19 644 £1.5(5)
D6 MP 112.0£5.9 (10) 71 £99 () 63.0 (1)
D7 CH 119.6£11.5 (12)
D8 GE 1025£2.1 (2)

*For 8-hr basis, the data were measured at three intervals of moming (M: 0AM~8AM), afternoon (A: 8AM~16PM), and night

(N: 16PM~0AM).
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Fig. 2(3). Time-series plot of O; exceedance data sets. Daily mean
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Fig. 3. Comparison of diumal variation in Os exceedance data sets using hourly exceedance data collected for each of four
sectors in Seoul. Frequency plot is given as bar chart, while concentration is shown as line chart.
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