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Summary

This study has been performed to clarify the characteristics of temporal
and spatial distribution of surface ozone concentration over Jeju Island
considerated as one of the cleanest areas in Korea with low emissions of
air pollutants.

Ozone data are monitored at four sites in Jeju Island. These monitoring
sites are located at two urban area(referred to Ido and Donhong), coastal
area(Gosan site) and forest site(Chuna site). Ozone data has been
routinely collected at these sites for the late four years. The
measurements are reported in hourly intervals which make them
applicable for diurnal as well as seasonal studies. Meteorological
parameters have been measured routinely at near these sites.

All stations show the bimodal characteristic of the seasonal cycle with
the peaks on spring and autumn and a significant summer minimum.
However, the patterns of diurnal variations at rural station, i.e., Gosan
and Chuna sites are considerably different to those at urban stations such
as Ido and Donghong sites.

Compared with the wvariation pattern of monthly mean ozone
concentration, that of AQOs is very similar and AQOs values are exceeded
30 ppb at urban stations. This may be that urban stations are more
influenced by local photochemical reactions rather than rural stations.

Interpretation of frequency distributions of hourly average ozone
concentrations are made to clarify the effects of transport on the ozone
concentration variation. Variation of ozone concentration over Jeju Island
appeared to be determined by the influence of air mass transport from
out side rather than local emissions. These effects are apparently shown

on the non ozone season.
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In order to assess the potential role of meteorology in ozone formation,
the meteorological parameters are monitored together with ozone
concentration at all stations. The relationships of meteorological
parameters to the corresponding ozone concentration are found to be
insignificant in Jeju Island. However, at Gosan and Donghong stations,
when the sea breeze with moderately strong wind speed of 4~8 m/s is
blowing toward the station, the ozone concentration is highly increased.

The result of back trajectory analyses used by HYSPLIT4 shows that
air quality of ozone over Jeju Island is determined by the influence of
continental air mass which originated from China and Mongolia or oceanic

air mass from the Pacific.
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Agstele ARt A9 709 A ARHAAW HE 30d ool HFA F
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o] BEFUNA AAHY ©F FEE AZeh HRAY F Y= FALL AY
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2 Q8 gRAIAY eEe St Ade] delAs Atk 4 oF
e EY As] BANS vhed WA we AE) eFe ¥R/ kow

o fFd £ AAH] FEe ¥2d, REF ?}H](mlxmg ratio

molecules of Os/molecules of air; 10 ppb = 2.5x10" molecules cm - , 298 K, 3
A 7lEA)EA A ppb FEoll, ATdAdA Hi EHIE BY we
10,000 ppb (10 ppm) ool vt Aoz WAst= Qo (7] A
Al eEe oF 10014 15 % A=)l drdAolA 2 ¥ =u(Fishman =, 1990),
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LES SFI TV A FHEeRE FYE R (Uccellini 5, 1985; Shapiro%}

Keyser,1990). E¥tFoA= BH AAFo] Ak A7 AF5:H &9 dFHA

Fredol tEhtslel Aastda @ 4 ok
ool d 9F EFeas Bl HAusk wul, ALl vl 5 AR o

Aow FAP aYm HnTAd YFA-HFE oF FYrE 3~

A tH(Gidel®t Shapiro, 1980; Mahlman %, 1980; Crutzen, 1995). A Z=HolA &
9F AL oF 5x10" molecules cm s AEZ g gomz A=A
AR & of 01% B=7F giRdeR fFEHETHL & F AHCrutzen,
1995). o=t =& w7ty Fol s dFd &9 d¥dE F=] 10 ppb &
A FEo 2 7]ofstA A rk(Altshuller, 1986).

AEEE A 2 Aolvh. iAol A <]

% 200 hPa A% 7 A QAT RO hEta gk ol 293 B3

gFAdA Faaz As vEhtE AFEHA 2F AAS 14x10M molecules
em st AEY ol AEA-UFH Wi wE oF %S A xE A

tH(Seinfeld2} Pandis, 1998).

FShA B, 8EE A9l el o8] eES AA R FIAYE dFHEY
T8 HYEF oF, 357, NOx 28131 VOCs 59 24 (availability)oll =
FE e vAYy gt & ¢ k. olE EW, dRbtel A dl Y 7E Al S (marine

boundary layer)¥} #ro] o} W 3o fX|sto] Q= Tt A7y =
ok A HeA QFo] FgstH oz AoH JriE HWulgh HFPH FAE
A=dl(Ayers &, 1992), NOx F%7} ofF W2 A Jo A= F3}stol] ofs|A 2
9] & I3 (net destruction)”} o]FoIA L Ythe Holth QP HA & F7]
S Al Cape Grim (41°S)oll A &2 At HEe2 o&5H A 2 ALH Hu

£ BgE FHE JHAyers 5, 1997). & o] HAE Hola ALH I
15 YERd = oldgt JEie Subgtel wabgte] of g 9w 3 (remote area)ell

i



A= yeElya o (Oltmans®t Levy II, 1994; Ayers %, 1997; Logan, 1999).
ot A YA oR FHE AR ASFAHAAE 2F FE QoA o
53 #il(broad summer maximum) @S Holi ot o]# g FHL g o F
A Hurlh EAlete Ae 259 Fshetd A #Ho] gl (Lefohn 7,
1992; Derwent®} Davis, 1994; Logan, 1985) ©o|# 7

A VOCsé¢ NOx7F #3Hd wbgEol ofafjr AW E=gF oz dh o] A3
5o By g Fo YReHA ode o& TS Hh=t}(Logan, 1989; Scheel
5, 1997).

v

i

HAE EAS B 4 9t d = £, Hohenpeissenberg(48°N)ol A 2213 ot e]

F dHFAE (Rl A 500 hPa)oll A =2 &

X
i
rE
offl
2L
rl
il
f
ra
2
ol
e
ofy

|
1%

th o]# 3 oJEH HI (summer maximum) FAE X E ZH A oF A

TEAY wWlER e e£o] Ao A Aarr £Hstth. 500 hPa

ol Ao Az A= AA & il(seasonal maximum)?ZF YEFLUE Al 7] 100 hPaol
A 492 a8l 300 hPa A=A E 19292 934 A e, o3 &
e Agd &Y 1 FH(E ML) ASHLZEE A 88 o0& 559

A FAE Az ZAolE EdE fR"E 2FEY dFH V5T Y=
(tropospheric column density)& E W (Fishman %, 1992), && XA F Q3%
gulE zt= F 7HA BEAS B o Ut 9A4, duARCd A L= FEEE &
bt SR mol A R 28 AR vow wdubyh Fojol Aol grrth 144
AE grs Zeolv. ada BY ¢ SvEE 54 Ad Hes 5 5

o], % WF-(hemisphere)®] F 9 =04 wiyd FHo LE7|FHEE7} s}
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g Zrte] AAsts AoE Az ok T Ao AL B oF

o Baietd ol dojAmw ALH AW A9AA oF ATEA &

oz Qd BaTeld BE oF FHo| ofFolAs ®rk: FFol AVHm
o}

Brice, 1986; Liu &, 1987). ©] 42 @ity S9=olA @io
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=

EAto R Qe 2EQl A ZARE Fishman 5(1992)& @Rk
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Sukrol Aa dFdoA oFo AlE WEe 3 EHJor HHo 0F %
7F A AR Tk e = 7 ded olE “‘BH 9FE FHil(spring
ozone maximum)’2 F 23 Qlt} o]# 3t FAlo] YEitE dld didiA A

ko olgid  dAAe T]dskeE T8 i
(stratosphere/troposphere exchange), ¥ %3} (photochemistry)¢] F&%& 211
A

Baltic 1¢t9] Arkona A A4 1956 oA 1983W &< FAHE o2& AR
5 B, ZHS BE-95FH Havl EHEA YEAA, HaHS 54 =9
st ltH(Feister®t Warmbt, 1984, 1987). X a2~ I8 2] Montsourisel A4

oE AAY ABAAME HEubgolA ofF st oW tir]olA yEue
e AHEA F7)(cycle) 5 wH2 Hart F9sA vEyal AtH(Volzet
Kley, 1988). o]¢}+= tjxzx o= olgdg ol HH- Moncaliereid A 2] 2o.& =4
255 2 Montsouris®h= §% FEolAE v AT BH Hie UERYA

geka, o3y FYHLS FEH-oFdH HuE HEIoH(Anfossi 5, 1991).
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Janach(1989)= Arkona®} Montsourisoll A ¢ Al AE S Hlwslo] @ F2o] U A<l
o A Aol yEbar, Wske2 #H2d
Aok F7kek Bloletar sk vh Qlth. Staehelin 5(1994)2 =9 29| Arosa®l A
tol oleb fAbg £AS dote] e ZAES AATh

X Y48 Observatoire de Haute Provenceol 4] Lidare} & £d|E o] &3}

m

27} (hemispherical increase)”}

2|
N
4,
O
I
>
il
il
0,
o
ol

5E Tdolle o Addd va 4Fd 2 IF AHEY WRETE Sk
2] 2] ¢l th(Danielsen, 1968; Chung® Dunn, 1985; Koto %, 1990). &
I FHE o Ao vdEvE wE oF FHare v g B o

A3 @Al o AFdAH diid e F oF FY=E di &

pou)
o
fr

A s % #Ed Aem 9EAYIE FtHOltmanset Levy, 1992).
Bermudacll A =3 & d5E 714 T3 S dFd
AmelA FASHA sHdets E7Ieh Aol dva BiH7|E= A (Moody
1995). 18y w3 Hus &3 AdFede] syl ofFrt 4 1 ZofA

= Aed Ve ol =29 HAHer FAHUEA oprjH= Ao A
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Table 1. Description of air quality monitoring site and measured period

in Jeju
. Sampling®
. ™ . Elevation . . measured
Site . coordinates Height section .
coordinates (m) () period
x:156.0 126° 31'50"E Commercial 2000.01
Ido . 50 9
v:50.9 33° 30'00"N area ~2003.11
x:121.95 126° 10'00"E Coastal 2000.01
Gosan o 72 9
yv:i27.75  33° 17°00"N area ~2003.11
x:160.0  126° 34’00"E Residential  2002.03
Donghong R 40
y:235 33° 15'00"N area ~2003.11
x:1495 126° 27'31"E Forest 2003.01
Chuna o 700 3.5
v:39.0 33° 23'30"N area ~2003.11
1) Elevation above mean sea level
2) Sampling height above ground level
2. CHARRIE MBI} Ma| gl &4
21. L& T A=
B oAl AgE AR 4 AN AF ZHH 0F FE AR o]E
B3 $EE, Wotege ot 5% Ft B AR 1N BT FEARE
FRsgon, nie ARt TPRFATAORRY 1A B B ARE
SRl ALsA. 4712 B FEAR Ae WSS 5% o AT
g ggom sgud, & R PGS 1N F 5% 54 Aast 93 o4
A AFola, & FAH 42 oFF 18AIRt o SHE AgolH 8 SAHEL
4 F SAATo] 54041 7H3EB1L QD 7§ 558A17F, 28Ul A 50441 7H) el gl 7
+8 A4sgh
AAE T A85E 7HA L H TEE 8 @S V|EeR o] A7 HLf
ARF, YT L A FAFS ANSFAEE, T AN PES Tet 2ok
- AZF H = 5E SAHAREL T + b SAHAAESF
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Table 2. Statistical summary of 1-hr and 8-hr average ozone concentration

measured from Jan., 2000 to Nov., 2003 in Jeju (unit : ppb)

percentile
Item Site Year Max Min AVG. STD.
9% 75 50 25
Ido 2000 49 36 27 18 8 1 27 13
2000 52 39 31 21 100 0 31 14
2002 47 36 29 20 74 0 28 1
2003 54 41 32 23 8 0 32 14
Gosan 2000 66 54 45 37 94 2 45 I3
1-hr 2001 63 49 40 34 91 5 41 13
average
2002 65 51 41 27 102 0 4 15
2003 44 35 30 24 74 0 29 10
Donghon
2002 59 41 31 19 93 0 31 16
g

2008 TO3< gz Hb =0 p4 0 35 16
Chuna 20086 JESD NATHANAL BRIVERDGY LIGT. 0 35 14
Ido 2000 47 35 26 20 69 1 28 11

2000 50 39 31 23 8 3 31 11
2002 44 35 29 23 62 0 29 9
2003 52 40 32 25 72 2 32 12
Gosan 2000 65 54 45 37 8 6 45 13
8-hr 2001 62 49 41 34 8 8 41 13
average
2002 65 51 42 28 93 7 41 15
2003 43 35 30 24 70 2 29 9
Donghon
2002 57 41 32 22 8 1 32 14
g

2003 61 46 36 27 &7 3 36 15

Chuna 2003 58 44 37 28 93 4 36 13
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Table 3. The summary of seasonal ozone concentration for the period from

Jan., 2000 to Nov., 2003 in Jeju (unit : ppb)

Site Ido Gosan Donghong Chuna
Year 2000 2001 2002 2003 2000 2001 2002 2003 2002 2003 2003

mean 34 379 31.8 373 552 050.7 482 315 322 451 334

max 36 &80 64 69 94 75 &84 53 71 92 78
spring
min 1 2 0 6 20 20 0 0 0 0 0

std. 143 139 112 118 95 95 105 76 139 16 141

mean 23 271 241 30 355 364 347 243 236 289 349
max 71 100 74 78 8 91 102 53 93 94 93
summer

min 1 0 3 0 2 5) 4 0 1 0 3

std. 138 144 125 163 1565 159 169 106 148 157 16.8

mean 27 328 304 292 432 466, 423 299 386 354 372
max 8 9% 70 8 91 8 92 74 92 & 97
fall
min 1 3 0 1 15 16 11 0 0 2 2

std. 11.8 12 111 147 106 108 156 11.7 163 158 142

mean 246 246 271 291 424 366 358 29.7 264 306 351
max 62 49 67 51 81 53 82 472 54 65 875
winter

min 1 2 0 5 13 2 0 0 1 0 2.7

std. 97 98 88 86 94 47 135 64 97 11.7 104
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Fig. 2. Monthly variation of 1-hr average ozone concentration from Jan.,
2000 to Nov., 2003 in Jeju.
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Fig. 4. Diurnal variation of ozone concentration according to each season,

from Jan., 2000 to Nov., 2003 in Jeju.
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Fig. 6. Frequency of 1-hr average ozone concentration from Jan., 2000
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Table 4. Number of samples exceeded the 1-hr average ozone

concentration of 60 ppb from Jan., 2000 to Nov., 2003 in Jeju

No. of samples exceeded 60 ppb

. No. of ratio
Site Year

samples spring summer fall winter total (%)

2000 8491 66 22 9 1 98 1.2

Ido 2001 8529 89 32 33 0 154 1.8

2002 8729 9 15 10 2 36 0.4

2003 7973 52 72 60 0 184 2.3

total 33722 216 141 112 3 472 14

2000 7980 648 107 122 116 993 124
Gosan 2001 5003 0 156 257 0 413 8.3
2002 8302 311 145 304 92 852 10.3
2003 6585 0 0 20 0 20 0.3
total 27870 959 408 703 208 @ 2352 8.2
Donghong 2002 7237 34 61 255 0 350 4.8
2003 7970 324 93 138 3 420 7.0
total 15207 358 154 393 3 770 6.0
Chuna 2003 7638 50 192 111 16 369 4.8
total 7638 50 192 111 16 369 4.8
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Table 5. Number of days exceeded the 8-hr average ozone concentration of

60 ppb from Jan., 2000 to Nov., 2003 in Jeju

Total No. of days exceeded 60 ppb ratio
Site Year measured Total %)
day spring summer fall  winter
2000 351 5 1 0 0 6 1.7
Ido 2001 355 10 2 1 0 13 3.7
2002 363 1 1 0 0 2 0.6
2003 331 2 3 5 0 10 3.0
total 1400 18 7 6 0 31 2.2
2000 331 44 10 11 9 4 224
Gosan 2001 211 0 13 22 0 35 166
2002 343 25 11 22 7 65 19.0
2003 267 0 0 3 0 3 1.1
total 1152 69 34 58 16 177 154
Donghong 2002 300 2 6 24 0 32 10.7
2003 334 29 11 10 0 50 15.0
total 634 31 17 34 0 8 129
Chuna 2003 312 3 13 11 1 28 9.0
total 312 3 13 11 1 28 9.0
AFELe] B SA4e B aike] Feol dA A Aol gk 841%F "t
SEFEZL 60 ppbE HE AEELS 154%=2 M =A dERRa, 1 ol
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