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Concentration Characteristics and Meteorological Farmation Mechanism of
Nocturnal Surface Ozone in Busan Coastal Area

Jwa-Haeng Park

Department of Environmental Engineering
Graduate School of Industry
Pukyong National University

Abstract

The object of this study is to investigate the distribution
characteristics of nocturnal ozone concentration and analyse the
meteorological mechanism about the formation of high nocturnal ozone
concentration in Busan coastal area. To achieve this object, it has
been utilized that the data monitored by 16 air quality monitoring sites
in Busan during July, 2002 - June, 2004. the local measurements of
meteorological parameters and weather maps on the occasion days has
been also examined to result in a conclusion.

In a daily maximum ozone concentration, the highest occurrent
frequency site was Gwangbokdong as 44.9% at night time(0100-0500LST)
time(0100-0500LST) and the lowest was Gamjeondong as 16.2%.

In the frequency distribution about the daily maximum nocturnal
ozone day, Gwangandong showed the most frequent site of the high

level concentration range more than 30ppb as 47.2% and Gamjeondong



showed the lowest as 21.4%. The meteorological parameters like low
daily maximum temperature, low daily diurnal range, high relative
humidity, high cloud amount, low sunshine and low radiation were
closely related to the occasion day in which nocturnal ozone
concentration went up over 60ppb in above the seven sites at the
same time.

On April 30th in 2004, the high level nocturnal ozone concentration
was caused by entrainment of ozone from the upper layer of
Atmospheric boundary layer where ozone is abundant to the surface

area in which an unstable cold low pressure is prevalent.
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Table 2-1. General information about Busan, 2000.

. . *
Gas emission

(Locatiorﬁ {Xreza) Population (ton yr b)
lat.,Ion. km % of
Nunber total NO; HC
3,662,88
35.06N, 129.02E 759 4 7.9 76,993 13,286

(Source: Korea National Statistical Office, ' Ministry of Environment)

Table 2-2. Meteorological conditions for Busan, 1993-2000.

Daily mean Annual total Daily mean wind

. speed
temperature(C) precipitation(mm) (m s )
15.1+0.59 1,517+499 3.8%0.13
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Hg 2-1. Location of sixteen regjonal air quality monitoring sites in Busan, 2004

Table 23, Information of sixieen regjaral air quality monitoring sites in Busan, 2004

Site Location ™

Gwangbok Gwangbok-dong office, Gwangbok-dong, Jung-gu 202.978, 177.869

Janglim Saha women'’s wellbeing office, Janglim-dong, Saha-gu 197.305, 176.098

Gamjon Gamjon 1-dong office, Gamjon 1-dong, Saha-gu 198.340, 183.905
Nakdong river basin environmental office,

Dukchon Dukchon 1-dong, Buk-gu 201.310, 192.110

Yonsan Yonje elementary school, Yonsan 5-dong, Yonje-gu 207.342, 187.288

Daeyon Busan technical high school, Daeyon 1-dong, Nam-gu 207903 ,181.179

Jaesong Jaesong 1-dong office, Jaesong 1-dong, Haeundae-gu 211.237, 187.534

Jonpo Gyeongnam technical high school, Jonpo-dong, Busanjin-gu 206.051, 183.779

Dongsam Korea maritime university, Dongsam-dong, Yongdo-gu 208.641, 175289

Gijang Gijang elementary school, Gijang-eup, Gijang-gun 219.322, 194453

: Gangseogu community health center

Daejeo Dagjeo 2-dong, Gangseo-gu 196.272, 186576

Bugok Bugok 2-dong office, Bugok 2-dong, Geumjeong-gu 208.576, 192.252
Busan institute of health and environment office

Gwangan Gwangan 1-dong, Suyong-gu 209.841, 183.905

Bokchon Dongnae-gu office, Bokchon-dong, Dongnae-gu 207.809, 189.569

Noksan Samsung electronic-corporation, 186531, 177650

Songjeong-dong Gangseo-gu

Yongsuri Jeonggwan-myon office, Jeonggwan-myon, Gijang-gun 216.280, 202.825

_10_



A 3 4 2N

31. of7t AFE LETHAY EA

Fig1le 2002 795E 20044 69714 2497 9 Hx e&%Er 24
AZte] Mg ANHEE ALY YERd Folth 137] AH 2F 335t wks
o] 7} &ag AJzEQl 1200LSTH-E] 1800LSTALolo 7} £ YA ES UE
Wtk F7H1200LST~1800LST)ol 71 £ AL vehd A QL dAFToE
732%01Q3, Theo R ZAFo] 727%0lRom, HHFo| 689%lUt 7+

LS FAES YE X FEF49I%) UL, 5ol FAEH} AXFo=
Ezlo] 595%2 JEIT T8 ofzto 2 M A 0100LSTHE] 0500LSTA)ZF of
o 718 & YAES YE Fe] 7 B A S vehd 35S
(352%)°o1A o H, ko] AEF(27.5%)°1Ach £ 7} & Y ES YEkA
T F2ho] dAE L TS el ZHF (162%)01U2 taol HAT
(16.5%), EA1E(17.2%)°] AT}

OJAY Z £ AFEE dF H1TE YANIRE] Aol d=2A Yeue
gl ol 3t Aoto] BFsHA e A AFFH SAAA Zdde A
o2 AgEY VRIFEE LEEAY ALY 713 2 ANFHA FFF o

& EAS o 2ok " HEsor & Aoz wddATh

=
pad
flo

ol
s

..11_



o _ . _
_ :g kwang-bok
R 14
3 12
§ 10
g ¢ :
= 6 . .
i | 1
g N HDD I‘lﬂ Hﬂﬂnnn.l‘l.
1 2 3 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24
LsT
20 - — — :
= }g i Jang-lim
® 14
§12 -
S 10 |
g o [
N
: {00
2 L AAD e =0 loaoofli
1 2 3 4 5 6 7 8 9 1011 1213141516 17 18 19 20 21 22 23 24
LsT f
55 _ , ; i} o ;
_ 20 Gam-jeon
k)
3 15
[ =
]
g 10 ;
@ i
E E
5 + Al
, \flnna_. P a RN NN IR =W |
1t 2 3 4 5 6 7 8 9 10111213 14 t516 17 1819 20 2122 23 24
LsT
‘ 20 — o
[ = 12 Duk~-cheon
£ 14
g 12
§ 10
g 8 T :
T 8 I - .
2 iAo nanll Moa e o]
1 2 3 4 5 6 7 8 9 10111213 14151617 18 19 202122 23 24
LsST
Fig. 3-1. Occurence frequencies of the daily maximum hourly ozone conc.

in Busan. July. 2002 - June. 2004.

_12__



i 20
N 12 Yeun-san
& 14
> 12
% 10
§ 8
c &
L i LI I
5 N N H’—I .—.l—l rln .m0
1 2 3 4 5 6 7 8 9 1011121314151617 18 19 20 21 22 23 24
LST
o - _ R
s |
18 F Dae-yeun
£ 14
3 12 |
5 10
N
£ 6
NN
g i . . i T
— o« w0 ~
20
18 Jae-son
18 | 2 °
® 14
3 12
§ 10 |
& 2 :
: ﬂﬂﬂﬂﬂn.—.
- o [0 ~
— —
18 |
__1e | Jeon-po
&£ 14 [
z 12
§ 10 [
& ]
= (L 1
(2) I NE N ) N ,m,m.H ey 1
- Ll w ~ o -~ - o
- o o
LSsT
Fig. 3-1 . Occurence frequencies of the daily maximum hourly ozone conc.

in Busan. July. 2002, - June. 2004.

_13_




S~
18
16 Dong-sam
£ 14
5 12
§ 10
& 6 H
e v
2 ﬂﬂﬂﬂnnm nnﬂﬂ Ulnnnan
- i © ~ e b b e = 2 & &
LST
20 =
~ Ig | Gi-jang
® 14
3 12
g 10
§ o
g o L
w
4 ] -
20
_ :2 Dae-jeo
& 14
o 12
§ 10 |
& 6
2 ﬂ”ﬂﬂnﬁ . —.oll
- © o ~ 3 & &
20
_ :g B Bu-gok
£ 14
T 12
g 10
g ¢ 0 ':
[ B i :
' lnnll0e H
0 b I 5 0 6 I 5 IO O 2 P . .—.n.n e 1
- Ll w ~ o b 2
Fig. 3-1 . Occurence frequencies of the daily maximum hourly ozone conc.

in Busan. July. 2002. - June. 2004.

_14_



20 — — —
18
16 Kwang-an
R 14
o 12
§ 10
4 8
w 6 I
i il
S H Hl’].—. nﬂ ,‘,,‘nu—nmnﬁnﬂ
- © v ~ =) et 2 e = 2 S &
LST

Fig. 3-1 . Occurence frequencies of the daily maximum hourly ozone conc.
in Busan. July. 2002. - June. 2004.

_15_



Fig. 32& Rax9 2003d 798E 20043 69712)9] ©F7HO100LST~
0500LST) L EFEE AFEE vhro] ALTE YUz 2AF Rolch ¥
Ao} AT L EFFES A F3hel 2B5ppb, okze] ¢ 15ppbA =l Ao

delA Qomz, B ATAME uiE ©%e el 20ppbulvhe] A1

20ppbu|gte] Wiz & ZHAFo| 607%2 7HA TSk BetEo] 294%E A+

O

$e BAES ek Mnd 1FEQ 30ppboldE vERd Fe BAF
| 472%2 7b £& BAES YT B8 E0] 214%2 71 BA e
Yot &, gtz Bt Ho] of7te] nEE & wrulivsl A Hql
ZA3F A¥AEY & Ao Yeyd a8y g 117 AYEY] SN
7b Sl M §do g BEE FolAlw AFE UehAE ¥%7] wiEel st
ARG FAAHGE TR EEEAS utEA7) 7= oE AT
AARAZ)TF(WHO) B37]%9) 60ppbolde) &L BEo] 1.8%(423])

o3

2 7P B3, ool BE(14%, 48%), 7178(1.0%, 363), AE(1.0%, 358), A

X(1.0%, 333]) o2 JEINT

_16_



0-19.9ppb  ®20.0-29.9p0b  B©30.0-39.90pb |
 040.0-49.9ppb  0150.0-59.9ppb W 60.0ppb~

100%
80%"

60%:

Frequency

40%

20%

0%: -

Fig. 3-2. Frequency distribution of nocturnal ozone maximum day in Busan
during O0100LST~0500LST of July, 2002.~June, 2004. here, A:
Gwangbok, B: Janglim, C: Gamjeon, D: Dukchon, E: Yonsan, F:
Daeyon, G: Jaesong, H: Jonpo, I: Dongsam, J: Gijang, K: Daejeo L:
Bugok, M: Gwangan

Table 3-1. Nunrber of simultaneous noctumal ozore meximum day for July, 202~

June, 2004

Term 1pt. 2pt. 3pt. 4pt. S5pt. 7pt. 8pt. 9pt. total

The last half of 2002 13 2 - - - 1 - - 16
The first half of 2003 9 3 2 1 2 1 - 1 19

The last half of 2003 1 - - - - - 1
The first half of 2004 7 5 - 3 2 1 1 1 20
total (730day) 29 11 2 4 4 3 1 2 56
percentage(%) 40 15 03 05 05 04 01 03 77
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Table 3-1& F4HA9 137F A H 9] A|7PE & ¥ AHEE |83t 60ppb
ol o}7t EE QFEo| FA R ANHFE FANE Aot
2002 7YEE] 20049 697hA] 2d7H730Y) 60ppbold LEE okt £ F &
Ao 17) AFT BAd do] 29U (4.0%)E 71 B HEE AAJY. 2Ya

270 A Ao A wAE Fo] 1192 1.5%0|03, 370 AH 2Y(0.3%), 471 AH 4

A

A(05%), 570 AH 4905%), 771 A 3Y8(04%), 870 AW 14(01%), I

=l

A 29(0.3%)01 Atk MARZAZ|FWHO)S A7|E 60ppb o]/de] Rzt

I

g 9 FAo] wide] 5692 AA 7309F 7.7%E AA YL 77 ]3]
FAHANH FAG ok TEESE Aol yethe Ze R4 Aol o0&
o Bl oA FF o] Soizt o AAHEZ old tF A}
Hol ¥ Ao AlgdETh
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32 okt REE QEH s4asoel BAX

2002 79%E 20043 62747 7 A ool M Aol 60ppbolg okzh
TEE 9=Fo] uraAlgt o] 2002 d 1049 19€, 2003d 39 274, 20033 5¢¥ 25
Q], 20043 49 309, 20043 5¢ 199, 2004 6¥ 7UE F 6Yolt}. Table

3-23E] Table 3-7& zF wAlYe] 3YHARE 19F 71A] 4Uzte] 71437l A

B\

3% Fdase WSS 2AF Aol

Table 3-2. Characteristic of meteorological parameters of 4days from
-2days to +1lday at October 19. 2002.

Parameters -2days -lday  the day  +lday
Maximum temp.(C) 25.2 221 18.2 17.3
Minimum temp.(C) 16.1 17.1 16.6 13.8
Diurnal range(C) 9.1 5 1.6 3.5
Relative humidity(%) 62.6 848 87.8 855
Mean wind speed(m/s) 22 22 6.3 6.7
Mean cloud amount(1/10) 0 9.1 9.8 10
Duration of sunshine(hr) 7.4 0 0 0
Radiation on surface(MJ/m? 138 4.4 2.3 34

20023 109 199 A uFE &Y 3Y 1)L 3T Adun 3.
9T stAstda wE thegdx® 09TsAsIReH, HA7Le Ao v 0.
5C374stn 23 28T 3AstEet. duzts T &YYo 16T=E A
o Hl3) 34ColV B3 gL 35CTE 19TCASsEE £ Auisse
A9 873%% MR 3.0% ERoH, 5L 63m/sE AEHT 41m/s F
Jetgon], £l A4S 98(1-10)2 Adrch 07(1-10) Zrtatgon, xAZT

o SR YAFS AGRE 2940 Bk WA Fadch
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Table 3-3. Characteristic of meteorological parameters of 4days from
-2days to +lday at March 27. 2003.

Parameters -2days -1day  the day  +lday
Maximum temp.(C) 17.7 183 175 151
Minimum temp.(C) 8.8 8.3 6.5 43
Diurnal range(C) 8.9 10.0 11.0 10.8
Relative humidity(%) 54.7 46.6 527 45.6
Mean wind speed(m/s) 24 41 47 3.9
Mean cloud amount(1/10) 2.0 1.8 42 4.6
Duration of sunshine(hr) 8.6 9.5 6.1 81
Radiation on surface(MJ/ m?) 9.2 1.3 8.0 14.1

2003 3¢ 2799 AS nFxE &Y TY Huv|eL FF AdERo 0.
8T d7Astya w2 TS 24TaA3IA o, HA7LL e Hs L
8C3Asln edx 22C A3t daxe IEE LYol 110TE
Agd ¥l 1.0C AP hSFe 108CTE 02T 3HAstdet =3 g
59 A$ 527%% ARG 61% EI}OH, F
0.6m/s Z7}stglon, 2o A$ 4201-1002 AR 24(1-10) F7HHAL
B, YZAZHE 61hrE AGRT} 34hr ZAUT FHIAZS Agng 7}
et

2003 59 2599 A 1Fx FY IY Hur|L FF HEERH 2
9C sHAslET HlE OSd2 09T AFdden, HA7|LS Ad v
1.6C378tn gede 151 CE W3y gt duxe 1%e 2&8do] 2
7CE Agd vl 1.3C B3 e 36TE 09C Asart = dds
To AL H1%E HEHT 155% ERoH, FTHE 46m/sE HAGEHUT
28m/s Z7}3t9on, $Fo AL 10.0(1-10)08 2dART 6.8(1-10), MR
e 04(1-10) Z7hstgon), QxAIZFe 0AZH  FHAAEE HAdro

47M]/m* Z 7} ct.
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Table 3-4. Characteristic of meteorological parameters of 4days
from -2days to +lday at May 25. 2003.

Parameters -2days -lday  the day  +lday
Maximum temp.(C) 24.0 20.7 17.8 18.7
Minimum temp.(C) 14.8 16.7 15.1 15.1
Diurnal range(T) 9.2 4.0 2.7 3.6
Relative humidity(%) 66.5 78.6 94.1 872
Mean wind speed(m/s) 13 1.8 4.6 3.9
Mean cloud amount(1/10) 3.2 9.6 10.0 7.3
Duration of sunshine(hr) 8.7 0.0 0.0 0.1
Radiation on surface(MJ/m’) 14.3 13.5 18.2 194

Table 3-5. Characteristic of meteorological parameters of 4days
from -2days to +lday at April 30. 2004.

Parameters -2days -1day the day  +1day
Maximum temp.(C) 20.0 208 193 19.7
Minimum temp.(C) 58 12.3 13.6 12.2
Diurnal range(T) 142 85 5.7 7.5
Realative humidity(%) 54.9 50.1 72.5 60.4
Mean wind speed(m/s) 45 49 3.3 41
Mean cloud amount(1/10) 0.3 1.5 9.4 8.0
Duration of sunshine(hr) 113 109 0.6 8.1
Radiation on surface(MJ/m?) 258 25.2 11.5 222

20043 49 30¥9 A% nex oFY FY Hure F ARG 1L
5C 338t vl g2 04T Asadon, AL A Hs)
13CAssR g 14T st duaes 1Fe &L 57C=
Adol vE] 28C ol thedS 108TE 18T AsdAct =& Auis
To] AL 725%% AGHUT 224% Egron, ELHLS 34m/sE ARG
16m/s ZAdQon, 3o AL 94(1-10)2 AgHT 7.9(1-10) F7stHL

W, YEAZHE 06hr2 AEHT A FAIT FHYAFE Adno 7o
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20043 59 1999 A% IFE 2FY 9Y HuU|2L FF MdHY 2
6T d7stdr vl ggde 02T Fsstgon, HA7|ee g w3

1CASsln tede 08C 37459t duxts 1%E eEYo] 57CE

Ao wE] 37C Polfa thgdS 108TE 10T A+ =3 Auls
29 AL 661%E ARG 63% E}ow, FHL 50m/sE HERG
0.6m/s Z715t9o0, $%F9 A$ 7511002 AHT} 3.1(1-10) /st L
o, dZAIZHE 05hr2 HAGRT} 8%hr AL FHYASRE AdHT #Aax
gt

Table 3-6. Characteristic of meteorological parameters of 4days from
-2days to +lday at May 19. 2004.

Parameters -2days -1day the day +lday
Maximum temp.(C) 20.5 21.6 19.0 19.2
Minimum temp.(C) 144 13.5 14.6 13.8
Diurnal range(TC) 6.1 8.1 44 54
Relative humidity(%) 68.4 59.8 66.1 814
Mean wind speed(m/s) 5.6 44 5.0 41
Mean cloud amount(1/10) 7.6 44 75 7.6
Duration of sunshine(hr) 7.7 9.4 05 1.2
Radiation on surface(MJ/m’) 21.1 24.4 59 12.2

Table 3-7. Characteristic of meteorological parameters of 4days
from -2days to +1day at June 7. 2004.

Parameters -2days -1day  the day  +lday
Maximum temp.(C) 26.2 27.8 207 2.8
Minimum temp.(C) 171 18.0 15.0 15.5
Diurnal range(C) 9.1 9.8 5.7 7.3
Relative humidity(%) 43.0 449 75.0 72.9
Mean wind speed(m/s) 14 33 24 21
Mean cloud amount(1/10) 24 5.6 10.0 9.1
Duration of sunshine(hr) 12.8 81 0.0 1.9
Radiation on surface(M]/m?) 26.2 226 2.8 14.2
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Table 3-8. Comparative index of meteorological parameters in the

occasion days

Min, diurmal  relative wind . . L
Max. Tem Tem humidity 1 doudiness sunshine radiation

theday —9——79 @ 1 a4 1 A 4 A 4 A 4 A4 1 A
day day day day day day day day day day day day day day day day
5192002 > > > > > < < > < < < < - - > <

327.2003. > > > > < > < > < > < < > < < <
5252003. > < > - > < < > < > < > - < < <
430204, > < < > > < < > > < < > > < > <
5192004. > < < > > < < < < > < < > < > <

67204 > < > < > < < > > > < > > < > <

7 a4

¥ ‘<’ increse, >’ : decrese, - : changeless

Table 3-8 67] ALY AF ] 71F24E9 WagEE HERd Aot &
oks] Bw 60ppbold ot nEk L&Dl Uehly] Hele dAlzE 47|17t
FEF A FIEgel o3 FFHU 2T U] FIHY 1T
o ofzte) A s} vEhdeh T okt DEE oEo] WAHI] ARE A
gRt v Huex, Az we dux, ddssd F7L ¥ 2 &
& NS deERlE BAY HIZF WEs Akl dFe] yEhEE dE
T A

_23_



33. 1F % 2 FE dg ApA7(2004. 4.30.)

Fig. 3-32 2004 49 289%.E 5¥ 1¢Y7HAY 2L&EFE

lo
iIies
123
o
il
L
Al
£

Aolth 49 30¥9] AMulo] FHT ¥ FEE e RS & 5 Aok
0500LSTA o] #E% 64ppb, WEF 66ppb, B<¢HE 63ppb, HAHE 65ppb, B3
% 62ppb, 1A 62ppb, I % 63ppb 181 AEFL 65ppbE UEE 5
AR S 87 AHNA BT AJY 0500LSTH| 45 i FEE ded Aol
o} ozt AT & U4 293N 1949 e ¥ A HuFE, ¥ A
bl AAFEE Jehlle A3 dwss Jepdth gix2 1500LST7 ol
HisxE Yelda 1800LSTolF F43] Fx7} WolAurt vgd 0900LST
HE A dEdtr] AlFRT 1800LSTol & 0& F% ZAa9de AFa w7
7t2%9] NOZF NOZ 9| 243} #go) A F3te] #3518 whgos H4d &
& AR dEoz HEE 4+ ot
53], ozt 3% & Hd ohE A wls) HlwF uitiel "e "ol
93, WA, #3F A3 %9 0100~0500LSTo] 45 22 Peakr} e A &
A U R g AAgME dF 23 Peakr} 0100~0500LSTol| vhelstch
T FAFS AETFT &8 AT gFoE Alndd. F,
HAko S, =AU EAldte B AEER ] & g olFske Hg

71%E 7HA e

re
rO
A2
2,
ofk
oX
i
rr
o)
ol
)
X
o
1
[

1&°] i 7t

7hE AGAA e e&o] £ 3 FHEX S V- 5 ATHA, 2002).

_.24_



80 [[= Kwangbok —a—Jeonpo —m Kwangan —e—-Noksan

Q3 Conc.(ppb)
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(b)
Fig. 3-3. Diurnal variation of surface ozone concentration for 4days(April

28~May 1, 2004) in Busan (a) is about Gwangbok, Junpo,
Gwangan and Noksan, (b) is about Dukchon, Daejeo, Bugok and

Jaesong
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Fig. 34. Surface weather maps for 0300 UTC 28 on (a)

(B0OUTC 29 on (b) 1800UTC 29 on () 1800UTC

0 on (d) in Apil 004 & BIOUIC 1 on (©) in May 2004
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Fig. 34. Surface weather maps for 0800 UTC 28 on (a)
0300UTC 29 on (b) 1800UTC 29 on (c) 1800UTC

3 on (d) in Aprl 2004 & BOUTC 1 on (§) in Miy 204
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Fig. 3-4. Surface weather maps for 0300 UTC 28 on (a)

(B00UTC 29 on (b) 1800UTC 29 on (c) 1800UTC
2 on (d) in Apil 204 & BOUKC T on () in May 2004
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Fig. 3-5. 500hPa weather maps for 1200 UTC 29 April

2004 on (a) and 0000 UTC 30 April 2004 on (b)
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Fig., 3-6. 300hPa weather maps for 1200 UTC 29 April
2004 on (a) and 0000 UTC 30 April 2004 on (b)
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Table 3-9. The precipitation and doudiness for 29-30 April 2004.

Month day Time(LST) Precipitation Cloudiness

4 29 1300 0

4 29 1400 0 0
4 29 1500 0

4 29 1600 0

4 29 1700 0 5
4 29 1800 0

4 29 1900 0

4 29 2000 0 2
4 29 2100 0

4 29 2200 0

4 29 2300 0 5
4 29 2400 0

4 30 0100 0

4 30 0200 0 8
4 30 0300 0

4 30 0400 0

4 30 0500 0 8
4 30 0600 0

4 30 0700 0

4 30 0800 0 10
4 30 0900 0

4 30 1000 0

4 30 1100 0 10
4 30 1200 0
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Fig. 3-7. Diurnal variation of Meteorological parameters,
in Busan on 29-30 April 2004.
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Fig 37 Diurnal variation of Meteorological parameters
in Busan on 29-30 April 2004.
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Fig. 3-8. Diurnal variation of NO, concentration for 4days(April 28~May 1,
2004)) in Busan. (a) is about Gwangbok, Jonpo, Gwangan and
Noksan, (b) is about Dukchon, Daejeo, Bugok and Jaesong
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