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ABSTRACT

Tropospheric ozone data in Korea for 1998-2002 were analyzed to assess the impact on vegetation.
SUMO06(sum of hourly concentrations at or above 0.06 ppm) and AOT40(accumulated exposure over a
threshold of 40 ppb), widely used as ozone indices in the U.S. and Europe, were calculated based on
hourly ozone concentration in 612 areas during 1998-2002 in Korea. SUMO06 of the highest 30 areas
were 5-12 ppm/hr which were almost the same levels of the U.§. average, and a crop loss of 5% would
be expected. Ozone pollution in Seoul during 1998-2002 had decreased compared to that for 1990-97
except in the Northern area; however, ozone pollution in Kyunggi during 1998-2002 had been
increased twice compare to the previous 5 years. Korea was divided into four regions: Seoul
Metropolitan area, Jungbu, Honam, and Youngnam. Ozone pollution in the Seoul Metropolitan area
was much higher during 1998-2000 than the other areas, but ozone pollution during 2001-2002 was
almost the same in all four regions. Chunnam-Kwangyang and Kyungbuk-Gumi, famous industrial
complexes in southern Korea, were significant ozone pollution areas. However, other industrial
complexes, such as Incheon, Ulsan, and Kyunggi-Sihwa, were not polluted compared to their
neighbors. Comparing all ozone indices, SUM06(yr), SUM06(3mon), AOT40(yr), AOT40(3mon),
number of hours exceeding 100 ppb, 95 percentile, 99 percentile, and maximum concentration, it was
determined reasonable to use SUMO06(3mon), AOT40(3mon) and number of hours exceeding 100 ppb
for evaluation of the chronic impact of ozone on vegetation.

Key words : ozone, vegetation, SUM06, AOT40

LM 2 T 5710 gl A 0 Syt 2714

5 43 =4 93E Y% cHYun and Laurence,
]

A /R =249

Aoz AHA UUHUSEPA, 1996). 71E-S E3] o]
Aslekael 3 S0l R @FEL g Alsly
2 7} superoxide(O, -+ FEEARE A8, F3A)

Corresponding Author : Sung-Chul Yun(scyun@sunmoon.ac.kr)



Yun and Kim : Troposhperic ozone pollutions in Korea during 1998~2002... 39

B2 A= % FeREe] A% VB R HFY
A2 eppe, 387t Fdi0d FAEE 5
dMe A HEZ TAHIY(Heath and Taylor,
1997).

2 Z2A0] »EEE 2EFP) 2 AE B3Nk
Al (dose-response relationship)S A|UZE =314,
2E SHvtogn A4 3] 90| siesitt viw
9 FolMs HERE oF I3 FHE 93 oF
=E ARE AW} FuolX £ & =5
ARE wigog RS A, v, H71SFHHLee
et al., 1998; Finnan et al, 1996, Lefohn et al,
1992). 0F =22 oo kF3H AIES I3 2
EF(ppmhn 22 XAEHY, 7FAE F7] S 79
TR o= TR ofidellx Tt AlRbE=t
(threshold)®} IFE 71218 & A7} ol #
AT 60ppb oVde] =EFFHSUMO06)S] FoZ, &
HollA= 40ppb ©1de] =EFH(AOT40)9] §o=E 2
ARTE 3 9F FL o] o]} 7|&EX](secondary
ozone standardy’} AAHNEH], WY FH glonv}
AARTE 3 0F 29 AR F8H3 gt}
(Legge et al., 1995). H|ZolX QFof )3 52hE
TE SUMO06E JBI3Pd, 23.4 ppme-hroll Al 10%<]
a5 AV FEHHogett ef al.,, 1995).

2 8l Axe 28 tigt AEAe] U vk
& ARERA, 759), A5 A7), a2Ea AEA
g©AaEs 53 £F T AEA UF 23 ERE o}
et 45 2%, §5, ¥ 5 373 83080 53832
2 283l st R HE3t olsiE FgslEH &
AR oM =2 o] ot Wtk AR
AEZ E e F3E I TFEA HHL
A3 g8l FgETE 2RSS oM 2E 2
TS Wke N gi71d RS Bjh ake] A 3
e olFaxBl=d Utk &, 0F 299 AAE
Al &S F== A1ZHF 100ppb, 3AI7F A& Ht
80ppb °1d IE=(Heo and Kim, 2002) 7|FEXL}
= 88 we A4 et $2Es 40~60ppb T
o2 AL FuAF A} gt =S o] E ulEes

Z8 ANE ARG A oF AF, W=g 21
2 HE oF Y 75 5§ Iuid oidle] A2
= FAXRGe] S R} ik

B A7E 199835E 2002971A19] 2]} M
o] ARTF F HlolHE AARITE 93 2F AHK

2 Fkele] BAe RN, 7t oF AR dxd,
A Folot 0F o oS Golraat Pt H
Z 593 Aol o RS £5d 5 2 A BY
o8 2o e Ay A9y vwEki, 1990-97
de] = F HREAE T, 19999 Hlawska
A ok =3 1A VA, HAEK, 9% A=
T 718 AREFH ANE JYES ARES BE
Hlwale] QF QHS AMRI/A] AFe AFEA
S} d7]8] 0F LES AR AlZlA 3
7¥staial A7-8 ST

IL A5 % gy

B ol AR ARFE 2F FEe ti7)eg A
Sl 2438 199837 20028744 -yt
g} Ae] AE AT} Table 1S 3F =3 167) A,
oA 289 B2 AR ¢ ol F 9FH L
6, 7, 84RH 2E7}F FAEe oEXRE Mg B
o] 7hsdt Aolnt. tid AL 128~154 AHO.
Z it g@5kon, ol5 T 113~128 o] AH
o], 59zt & 722 329 A AH F 61wl A
A7} A0 ARSI

ol 612 A Aol tiEl 114 8,760x17e] o.&
TEE 7} AR BT HHESE 9 &
AREE 1) IAEE 60ppb oVte] 0F x| &
(SUMO6), 2) 9]
FHAOT40yS ARSI, ©152 47 vixat /9
oA HF 7ERE oA, 2489 Fafol} st 7}
A et SRl 0F REFOE AMEHE AR
So|th(Legge et al, 1995; Musselman et al.,
1994; Lee et al, 1988; Lefohn er al., 1988). ©|&
T AxEE 1d HAE 8760412k SUMO6(yr),
AOT40(yr)9t AEEA 6, 7, 88(F 2208413,
SUMO06(3mon), AOT40(3mon)) F+ 7RRIo 2 z}2 &
AEte] F 1A ARE B ATl AFESIdT 3],
olERteEE Aol FPEE = 7] FY F L
E E48 283 el 4 glena BgHom A}
HE & AEE FoM 1d F AIRFE 100ppb
7} ¥ & AIZE F@# of 100ppb), AZF 95 2 99
HAE, A7t A3 FE(max) F°] =AU £
Ao ARE e AXES 7RIS o, 2ol 9¥He
F F AT E T £ 7t 8,760 AZFE

<
o fo
N




40 Korean Journal of Agricultural and Forest Meteorology, Vol. 6, No. 1

2F FE F 2 40ppb o1} FELIH], tFE9
A d0ppbi= 137 AR T 5 A9 10%
oA

3318} 9hgRl REL wAA (local)e] oRd A HH
(regional)?] WHA7HA] 2.@o] Foi=Eg, PP
o 16/ A, =8 SR} FELEA FEsks Aol
Fejeltt. wzba, B Apare euet A9
LE ARE ) AEE AR 3 =4, 2) B
3 F3e I} TR, 3) 323 AFE I}
S, 4) 7B, B3t &4, Bt Bo] ¥ o
A5 Ml AHeE TA o] AGERY 2E 2
d A%, dxE Fo] & Humslgth 53, 7
FHZol =0t vi7] 2. g $=7} 44 =
de Mg, 7371, 3l Bet ohe} S At
PFE THRATE. ©lF F XS 47 T AL
O ARG =7t des] w3k, g dRT
Fd FEAL oA Ve % AT AN
Jeuz o B JTASe] BN dFE F

Aol AR WRo|t}h. H2 RN 1] £
FEd t712g0l B3 HEIE E5THS X33

o o U=

3 AR Ao} rdo s HYE Aow Heldh
oLz =

3.1. 1670 8H A, =F Seo= §t ML 2&

A5 2 FHo] TH] =] ARE A,
o8 ZA-e 53d7F F 612 AMolYen, ol A
A 7220 73 Y F < 85% ©JtK(Table 1). L
F=U) S Q8 S4o] TAT F IEE A
Hell HAE MNEG7} Hasit) £3) J8d 2o
Fda AA i F 60-70%T AXER FFE
3 A S5 I5AE et aEd &
3], d= 167) Al = ST E29 20004 A
AXAE vlgkoZ 3 Al Q1 B-¥7) digs] &
AR Ul (Table 1), o) &4) A= 9F =
A £33} ATEES TR FuRHo] sk

v

Table 1. Ozone monitoring and analyzing sites for calculating the indices during 1998-2002.

Province 1998 1999 2000 2001 2002 total % of site’> % of population’
Seoul 27727 29/31 26/29 24127 26/26 132/140 18.28 2143
Pusan 9/9 8/11 9/11 9/9 9/9 44/49 6.09 7.95
Daegu 4/5 5/8 6/7 5/6 517 25/33 3.46 5.38
Incheon 8/8 10/10 10/10 8/10 10/10 46/48 6.37 5.36
Kwangju 3/4 3/6 5/6 3/4 4/4 18/24 2.49 2.94
Daejeon 3/3 3/3 3/3 3/3 3/3 15/15 2.08 297
Ulsan 51 2/10 9/11 1012 7/10 33/50 457 2.20
Kyunggi 18/24 23/27 24/31 26/29 26129 117/140 16.20 19.44
Kangwon 4/4 4/4 3/4 2/3 4/4 17/19 2.35 323
Chungbuk 3/4 3/4 1/4 3/4 3/4 13/20 1.80 3.18
Chungnam 2/3 2/4 3/4 3/3 3/3 13/17 1.80 4.00
Chonbuk 6/6 6/6 6/7 5/6 4/6 27/31 3.74 4.10
Chonnam 6/7 7/8 7/8 6/8 4/8 30/39 4.16 434
Kyungbuk 9/9 9/10 8/9 9/9 9/10 44/47 6.09 591
Kyungnam 6/8 7/10 7/10 7/8 8/8 35/44 485 6.46
Jeju 0/0 02 12 in 111 3/6 042 1.11
Total 113/128 121/154  128/156 124/142 126/142  612/722

1. The numbers are analyzing sites/monitored sites in each province and year.
2. The percent of monitored site in each province among the total 612 monitored sites for five years.
3. The percent of population in each province based on the sensus in 2000.
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Table 2. The ozone indices for vegetation protection and statistical indices during 1998-2002 (Five year average)

Province SUM?6 AOT: ‘210 SUM0O6 AOT40 #of 95 ‘ 99 . maximum % 9f %. of
(yr) (yr) (3mon)*  (3mon)* 100ppb® percentile percentile conc.’ missing’  mis3®
Seoul 2.314 9432 1.549 5.145 9.33 45.59 67.86 124.0 9.30 2.57
Pusan 1.828 12.456 0.777 3.760 3.68 50.00 66.56 109.0 7.59 2.53
Daegu 2.000 9.901 0.934 4.164 344 47.96 65.58 104.7 2.83 9.84
Incheon 1.741 8.718 0.992 4.144 4.87 45.33 63.27 114.7 9.10 1.97
Kwangju 0.796 7.460 0.384 2.674 0.33 45.33 60.04 89.8 8.54 1.49
Daejeon 2.503 13.971 1.113 5.084 2.47 52.67 69.51 102.8 6.61 0.90
Ulsan 1.278 7.020 0.527 2.225 2.48 43.72 60.19 105.6 15.12 5.40
Kyunggi 2.765 11.500 1.847 6.127 10.86 48.81 7047 127.6 10.19 4.80
Kangwon 2.190 11.591 1.217 4.957 5.18 50.35 66.78 103.9 7.05 1.17
Chungbuk 2.230 13.226 0.899 4.350 2.31 51.46 67.22 98.7 7.11 2.09
Chungnam 2.680 16.680 1.389 6.488 6.46 54.69 69.96 116.9 8.59 2.13
Chonbuk 1.135 9.805 0.516 3.327 0.37 48.41 62.05 89.0 9.47 3.54
Chonnam 2.296 14.056 1.109 4.707 7.10 51.67 66.99 124.6 8.85 3.40
Kyungbuk 3.087 13.902 1.109 4.597 434 51.14 67.25 102.2 6.36 1.86
Kyungnam 2.758 15.755 1.486 5.927 2.69 53.23 70.65 107.1 9.19 5.21
Jeju 0.563 11.155 0.167 2477 0.67 49.67 60.00 86.7 9.68 0.54

1. SUMO6(yr) is an accumulative concentrations grater than 0.06 ppm (ppm-hr) for one year (8,760-hr conc.)

2. AOT40(yr) is an accumulative concentrations grater than 0.04 ppm (ppm-hr) for one year (8,760-hr conc.)

3. SUMO06(3mon) is an accumulative concentrations grater than 0.06 ppm (ppm-hr) for June, July and August (2,208-hr conc.)
4. AOT40(3mon) is an accumulative concentrations grater than 0.04 ppm (ppm-hr) for June, July and August (2,208-hr conc.)
5. # of 100ppb is the number of hour concentration exceeding 100ppb for one year.

6. Percent of missing is the percent of hourly missing data for one year.

7. % of mis3 is the percent of hourly missing data during June, July and August in each year.
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Table 4. Correlation coefficients of the two ozone indices for vegetation protection and other indices during 1998-2002.

SUMO6(yr)l AQT 4O(yr)2 (53211\:)[3)(2 éggﬁ;l 1 0%;;& 95 percentile 99 percentile mzzg?;m
SUMO6 (yn)! 1.0000 0.8535 0.7579 0.7689 0.6638 0.7191 0.8101 0.4947
AOT40 (yr)? - 1.0000 0.6446 0.7483 0.4874 0.9202 0.8295 0.3430
SUMO6 (3mon)° - - 1.0000 0.9490 0.7823 0.6296 0.8351 0.6449
AOT40 (3mon)* - - - 1.0000 0.6688 0.7392 0.8682 0.5575
# of 100ppb° - - - - 1.0000 0.4354 0.6823 0.7357
95 percentile - - - - - 1.0000 0.8579 0.2931
99 percentile - - - - - - 1.0000 0.5558
maximum conc.® - - - - - - - 1.0000

1. SUMO6(yr) is an accumulative concentrations grater than 0.06 ppm (ppm-hr) for one year (8,760-hr conc.).

2. AOQT40(yr) is an accumulative concentrations grater than 0.04 ppm (ppm-hr) for one year (8,760-hr conc.).

3. SUM06(3mon) is an accumulative concentrations grater than 0.06 ppm (ppmhr) for June, July and August (2,208-hr conc.).
4. AOT40(3mon) is an accumulative concentrations grater than 0.04 ppm (ppm-hr) for June, July and August (2,208-hr conc.).
5. # of 100ppb is the number of hour concentration exceeding 100ppb for one year.
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