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Summary

This study was carried out to assess the air quality over Jeju Island
considered as the one of the cleanest sites in Korea. For this purpose, the
measurement data of four major gaseous air pollutants and meteorological
parameters were collected at four air quality monitoring stations located in
Jeju Island. In this study, the four monitoring stations were also classified
into two geographical groups, such as urban and rural areas.

It can be found that, except Os, the concentration of the gaseous pollutants
at Idodong and Donghongdong stations located in urban area were higher
than those at Gosan and Chuna stations in the rural area. However the
concentration levels of SO, NO; and CO were extremely low throughout Jeju
Island, compared with the other larger cities in Korea.

There were only two gaseous air pollutants, that is, O3 and NO., exceeded
the air quality standards of Jeju Island. At all stations in Jeju Island, the NO;
exceeded the standard only at Idodong station in urban area.

When the concentration of ozone exceeded the air quality standard over
Jeju Island, the other gaseous pollutants were also increased together, and the
meteorological parameters such as temperature, solar radiation and diurnal
range of temperature were higher, but humidity was lowered. However there
were little relationship between concentrations of pollutants and meteorological
parameters in Jeju Island.

In this study, two ozone indices were also estimated. In urban area
AOT40(Accumulated exposure Over a Threshold of 40ppb) and SUMO6(SUM
of hourly concentration at or above 0.06ppm) appeared to be ranged from 1.64

to 859 ppm - hr and from 0.13 to 12 ppm - hr, respectively. In rural areas



AOT40 was 5.3~11.09 ppm - hr and SUMO06 was 59~14.4 ppm - hr. The level
of these ozone indices in Jeju Island were not low, comparing with those of
Seoul area in Korea.

Although the level of Os concentration was significantly high over the
entire area of Jeju Island, it can be found that, based on the value of mean

relative standard deviation, the air quality was cleanly maintained.

_vi_
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g il% NO7F NOx= st = & 7] wjitoltt,

webs O30 A& RO F=9k ¥AZE Ak ROz &b, A9k
OH, HOzel oJste] AAFHT. 2d% 7] FolA O3 % dFS +
BFde] &=, NOY/NO H|, WA ©@3leae] ik, 7|8 dHs=9 CO %

O 5 AAdste 298 Tolth



Hrdol M el Fatetntgat ASdolA AdE O Aol el ) 3
spebd Adnkgel osto]l thr] FollA AART. Fstekgol oF 0z &
<o 9% 77 % Hy,O, OH, HO; & #°] wkgo] #ofgir.

NO + O3 = NO2 + O2

O3 + HO; + hv — 20, + OH

O3 + OH — HO; + O

O3 + HO2 — OH + 202
BEFE ofgbolli= NO2ok whg-3to] Ozo] AEHM, ojojA <dojup= wEZo] 2]&}o]
HNO;7F 34 # o},

ayEz oEY AAde o A= wEg dAE, & T, TH

’ ’

s 1EEA 2 AY &4AA ol LA #dE o] At (Vukovich, 1995).
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2.2.4. CO

7] & CO9 #& FFEole AAdHd 2 A9H wZFe] BF 7]ofsta 2l
ok ZsaE w7 2 Bk el ofsk wiE Zksde] COZF EATS B Y
A ok CO7F ul7l19 Add wF AEolghw AR 19490 LA =,
19723 ol o= CO9 A<l wiEel digh A= A9 fldth 1972 o] & 4
FH ATl HA AAHoz wEFH COE dHoz nmEse ARt F
Wolyegl dHo2x 10 vl B g g

A4 A dl7] COel 77% ol o] wgel] olgt Aoz L&A U=d], o wg
S FA4, ddl AW FelA FF F71E] B Qi o= 3o dHA g
th g7l & WS OH guZolu; Aba A9l wk&sle] CH; #uzds A
ok o71M AdE CHs gttZe] t& weS Haste A4+ COE A st
BEoh OH @dZ3 O 94+ %719 CHy 432 do7)=d Fasit) uebA
g7l & CO9 Fo wEdozZA= Y] Foi UEEes AARGE o] U
oA CO7F AAEE AU S & & rh

slde] W7l F COo° F
o] d7|Z25EH 58 88 COE 74T & e o Hgoy s

N HAZ WAL F3) CO F& 1@ Frol DA% 4F Fut 10~
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ok vl A9 A BEgel skl AlAEE CO %S o 500x10° ton/year?d
2 FAHY, A A7 A9 SAdM wEEHE S AT AR B
o] COAlASE S g =ZtHGodish, 1991). ©] <Jo] hHFA =D A=A 9]
shsl k3o o& ul7] FelME AARL
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Table 1. Air Quality Standard in Korea

Seoul Kyonggi  Daejeon Jeju Incheon Korea
Pollutant
('97.12) ("01.8) ('97.12) ("99.1) (00.11) ('01.D

0.01/yr 0.015/yr 0.02/yr 0.01/yr 0.015/yr 0.02/yr
0.04/day  0.04/day 0.06/day 0.04/day  0.04/day  0.05/day
0.12/hr 0.12/hr 0.13/hr 0.1/hr 0.12/hr 0.15/hr

SO
ppm

CO 9/8-hr 7/8hr 9/8hr 5/8hr 7/8hr 9/8hr
ppm 25/hr 15/hr 25/hr 13/hr 20/hr 25/hr

0.04/yr 0.04/yr 0.05/yr 0.027/yr 0.04/yr 0.05/yr

I;IS;H 0.07/day 0.075/day 0.08/day 0.04/day 0.07/day  0.08/day
0.14/hr 0.14/hr 0.15/hr 0.1/hr 0.140/hr 0.15/hr

TSP - B 90/yr 150/yr ) )

pg/m’ 230/day  300/day

PM10 60/yr 70/yr 50/yr 60/yr 60/yr 70/yr

pg/m' 120/day  140/day = 100/day — 120/day = 120/day  150/day

03 0.06/8hr  0.06/8hr  0.06/8hr  0.06/8hr  0.06/8hr  0.06/8hr
ppm 0.1/hr 0.1/hr 0.1/hr 0.1/hr 0.1/hr 0.1/hr

Pb

e/ 1/3month  0.5/year 1/3month 0.5/3month 0.5/3month  0.5/yr

2.4 AMU=SE 2|F 2ER|E(ADTAOI SUM0G)



o] @3 wjioletx ®Bil H vk 9 vk(Showmann, 1991)

olgdt ol = AsA 7] F F VEA £ AHE AANIAY EE
WHOSF & A4 717elAx 2 7]&S vhdstal ok 9] Aol tha
dds mEsted WHOOIA = 76~100 ppb (I-hr H+) Z18]3 50~60 ppb
(8-hr #H)o AHS Fi dor A5 HFTE 9sfA 1-hr HF 2= 100 ppb
Sl 24-hr F3t o2 33 ppbE AlAEtaL Aot w=el M= =7 S 2= 120 ppb
N E g ss)2 A5t 9l o} Californiadl A+ 90 ppb= 73tste] A A st

Atk EUAA = Q074 R s E 93] WHOS A%S mel 55 ppb(8-hr H)S

EEEE)

<

.31

Qo o3k A= vl eF] wx, Vg 2P AEe] F g W

A g sz wel deA s ¢ AR B A FRe @ik AR
AEE wEol oF whES Ao e, AsistA g FA4% Wste] wE
el A A FEdd o s YEtdtH(EAE T, 1999). 12 A N A Ee] AS7)3¢
Ao AAA B vud g Fre oF wFo o m AEAE, 2
A, 37188 Ad, A& THFHA, FEFEA FY vt dedna B
3 H(Denise L, 2003; Lefohn, 1997; USEPA, 1996). W2+ &% &
M @71 mERTE AeE LEAA BV mEgEd Aol dAlel 8 9 st
U= Bau% th(Lefohn, 1997; Spektor 5, 1990). Zr#]a ¢lo] I FA4S &
T e vl g2 sholAx: Fed e oA, v F3Ede R oF

2

to

A7 AP ZHA Fdo A FAde AX FAHE ttdA F5E vhAgd A
Ey&z s ol HEHE ARE Y sr|E stth(Health®t Taylor, 1997)
HZT oEH L oZFFoR HH oz LUty HFHANA A=



& 2
Lo % v A QA A ElE dofetelw vzt Al AE e ddE] W
Tl A FE aelEojof gt} 58] @ FEC] FU|TF wEFd wE AE vy
¢l Fal= ol YA BA AAT] TS| wfzo] o] wE
Brret=d ol L EH AHE ARET AHAHI =
Ax Fasjorstny Be H&H Afto] 28 A A (EAEH T, 1999).
wepa @ F=o] gl wE A= Ak AAE Hrbete HERA v
A& SUM06S ol &3t el AOT40S o &3akar 3t
AOT40 A3+ UN-ECE (The United Nations Economic Commission for
Europe)oll Al A A E A2 Al F3Fs BAS79 #1750l tH(Skarby
9} Karlsson, 1996; Fuhrer, 2000). AOT40 53t AlZtdlol] 5% kA 40ppb
& 2Hete 2F vRdY FF =E@gS dvletedl, A=Y ATl wet 3
Ne T 670 Fbedl AAtE Tk wrell giai A= 7hd kg A 719 44
RE 99714 670Y ARE 9 AOT40S 10000 ppb - hrz A3kl 9ok el
A ERE] BE sFEC] 5% Hadte FAE AEe] AFT|ZRI ML G~T
3000 ppb - h= AAste] 1 o] el FEeold A4 sow wdela
QITHWHO, 1996; Beck =, 1998). 12]x 74A149l ms)7h Jehtbs 24 9
of gt 7+ 71 OJ-’EXHVapor pressure deficit, VDP)7} 1.5 kPa°]’d¥d df
A4 59 %oF 500 ppb - hr =& VDP<15 kPa¥d w 59 =<t 200 ppb - hro& &
A8t At (Donev &, 2002).
vl SUM06€ AOT40s Hlwd H4 o= NCLAN/USEPA(The Nation

ax

Crop Loss Assessment Network/US Environmental Protection Agency)el A A
ek Agolth A ES 10%0]7d HAaAE F 24hr-SUM069] ++& 15-25
ppm - hr2 32tstar i (Chameides %, 1999). Lefohn®} Lioy(1994)<}t
Musselman 5(1994)2 m]=rel A 10% F=°] A E 3MY 52 SUM06 3t
< 264ppm - hr& AA g B} Aok, 7 F Hogsett 5(1995)°] NCLAN A& & Ht
goz FA% A3 SUMO06¢] 23.4ppm - hr ©]/4d wf AA A& 53 a4t

_16_



Fuhrer, 2000), solAlol Al =, 42 3 F=AFY F F4E2 #o]7)
ook, 28 ar 2000 el T, 48, o] BAYLEFo] 29 13007 ES A
Abgk Wb EUC YEbES &3 2608 Eof =33t th(USDA, 2000). 18] 2
Lol wigh Aol A2 HEu o Asivs A4 Z37F Ath(Aunal 5, 2000).
agal o] ARE AMEshe oA 2AE EE A vl =2 AOT40=
Helole EBFeta s A" 28y sue A7 235 v (De Santis,
1999, 2000; Ashmore®} Fuhrer, 2000; Fumagalli &, 2001).

A RE FofAlotoll A 191 A1 o] Tt el mek O30 <lste] AFd &
A w AL AT g% ostd Aol oo vk (Pakpong 5, 2002).
18]35 Aunal 5(2000)°] 93t 202009 = F=e] AOT405w°] 30ppm - hr7}
Hol, A% 5& AT BAaVE dojd Aol FEsv| = vk aga dE

AME= FAE FFol ostol tFd LE0]

fr

=

N 2% A=A S7HGoRA A%

Al &l A A4t ey vk BaE vk (Akimoto s, 1994). w
g sEuEE St Aol g Ao mA eFol oF dart 9
T gl AAoRE o]5 AOT40¥ SUM06 AZE< ol&ste] dAe 7|4
Fzoll td Azl W dFHE=E Aol dete] & ok Ao
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Fig. 1. The location of air quality monitoring site in Jeju.
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Ha s AeSALe A4S yErd Aol adeA B AFE Sl Al
FA ol ARl A i, FEFel MAEA $ET FAHAC] A 12

% 2ol fAE e, AFA A AAF e

i)
K
K
=
o
g"
o2
b
fr
E)

Table 2. The location of ambient air quality monitoring station

Site
. . . Sampling .
Station Location elevation e Classification
. height
(asml’)
126° 31" 50" E .
Ido 33° 30" 00" N o0 m 9 m Commercial area
126° 34" 00" E . .
Donghong 33° 157 00" N 40 m 9m Residential area
126° 10" 00" E
Gosan 33° 177 00 N 72 m 4 m Coastal area
Chuna 1267 277 31 " E 700 m 35 m Forest area

33°20" 30”N

* Site elevation above mean sea level.
x*% Height of sampling point above ground level.
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S74717k2 2000 1€5H 20039 11€74A9leH SAHEELS SO, NOy,

CO, Osolth. ti71d Aol AHgd 54 7171 2 544 el= Table 33 2tk

Table 3. Instruments used in the monitoring stations

Pollutants  Station Instruments Method of measurement
Ido API/100A
SO Donghong  Dongan/DA-1300 Pulse U.V. Fluorescence
2 Method.
Chuna
TEI/43C
Gosan
Ido API/200A
Donghon D /DA-2300

NO, . & O Chemiluminescent Method.
Chuna

TEl/42C

Gosan

Ido API/400A

co Donghong  Dongan/DA-3300 Non-dispersive Infrared

Chuna Analysis.

TEI/48C

Gosan

Ido API/300A

Donghon, Dongan/DA-4300

O3 shons 8 Chemiluminescent Method.

Chuna

TEI/49C

Gosan

o= I LA A tirld AmE 20009 145 2003 119744

FHsAOH, F252 20029 3¥5H 20039 1149, ol F2 2003d 1€

nﬁe
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H 20039 11€ 71#4] A=RE 4

< U5 &l YEh

Table 4. Number of available date in Jeju area

. Standard Total
Station ] . (O] SO, NO2 CO
Time period
Efficient Time 34,080 33,743 32,275 33,668 33,232
Missing,% 1.0 5.3 1.2 2.5
Ido Efficient Day 1420 1401 1,341 1,397 1,381
Missing,% 1.3 5.6 1.6 2.7
Efficient Month 47 47 47 47 47
Missing,% 0 0 0 0
Efficient Time 34,080 28,856 28,690 21,757 28,763
Missing,% 15.3 15.8 18.6 156
Efficient Day 1420 1,135 1,121 1,070 1,120
Gosan o
Missing,% 20.1 21.1 24.6 21.1
Efficient Month 47 42 43 41 42
Missing,% 10.6 85 12.8 10.6
Efficient Time 15,360 15,284 15,244 15,103 15,230
Missing,% 0.5 0.8 1.7 0.8
Dong Efficient Day 628 623 621 615 620
hong Missing,% 0.8 1.1 2.1 1.3
Efficient Month 21 21 21 21 21
Missing,% 0 0 0 0
Efficient Time 7,776 7,639 7,635 6,213 5,311
Missing, 2% 1.8 1.8 20.1 31.7
Efficient Day 324 317 316 257 218
Chuna o
Missing,% 2.2 25 20.7 32.7
Efficient Month 11 11 11 3 8
Missing, % 0 0 21.3 27.3
Foll A A 7kl A=A 71E(15%)0l 2k X A= AR AU
g, 24 MESAS setalr] @ Azl Ad BHAAE ole@ 7E
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Table 5. The mean values of meteorological parameters in Jeju areas

Rainfall . Wind Max.
amount Temp. AT Speed H. Solar Rad.
(mm) o o (m/s) ) (W/m®)
Ido
2000 1189.4 15.7 6.1 3.4 66.2 -
2001 1388.6 16.1 6.0 3.2 65.0 564.6
2002 1876.1 15.7 5.6 2.0 67.8 554.3
2003 2083.7 16.8 6.2 19 73.1 587.7
Donghong
2000 1368.5 172 6.4 3.0 67.2 -
2001 1782.1 174 6.4 3.3 66.4 -
2002 2049.2 17.3 6.5 1.8 67.8 -
2003 2329.9 184 6.4 1.7 69.8 -
Gosan
2000 1013.6 152 5.6 72 2.7 -
2001 11137 156 59 7.3 71.8 651.9
2002 1236.8 15.3 5.8 19 73.8 649.4
2003 1553.2 164 5.6 19 77.3 603.3
Chuna

2003 27184 11.8 8.6 2.0 78.0 642.0

* . diurnal range of temperature.
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Table 7. Comparison of air pollutant concentrations between with and without

the precipitation phenomena in Jeju area

Concentration (ppb) Ratio of

Pollutant Station Year L,
Rain days Non-rain days mean concentration

SO» Ido 2002 3.23 4.35 3.96 1.35
2003 2.22 2.716 2.54 1.25

Donghong 2002 2.09 2.56 2.37 1.23
2003 2.13 2.41 2.30 1.13

Gosan 2002 1.06 1.36 1.26 1.29

2003 1.24 1.79 1.60 1.45

NO; Ido 2002 17.25 21.14 19.79 1.23
2003 11.17 14.36 13.03 1.29

Donghong 2002 6.87 7.49 7.24 1.09
2003 4.33 7.29 6.78 1.68

Gosan 2002 3.86 3.87 3.87 1.00

2003 4.18 4.87 4.61 1.17

O3 Ido 2002 33.20 36.74 35.51 1.11
2003 36.81 41.84 39.71 1.14

Donghong 2002 37.89 44.31 40.20 1.17
2003 37.65 48.34 44.08 1.28

Gosan 2002 41.61 48.59 46.23 1.17

2003 28.78 33.96 32.09 1.18

CO Ido 2002 6.72 7.21 7.04 1.07
2003 6.30 5.83 5.99 0.93

Donghong 2002 431 411 4.19 0.95
2003 6.03 4.89 4.67 0.81

Gosan 2002 4.19 4.24 4.22 1.01

2003 4.40 4.48 4.46 1.02

# : [Non-rain dayl/[Rain day]
4.1.3. 43t

AFrze] A9 t7lF Os SOz NO2o| dWstE dopr7] 9]8te] o=,

AL, FEE, Hotes A9l 2000d 3€5-E 20039 11€7bA ¢ SAHAE
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Fig. 8. Diurnal variation of SO concentration in Jeju area(unit : ppb).

_39_

12 13 14 15 16 17 18 19 20 21 22 23 24




013 o]

o]
=

7] o
Uﬂ\_oﬂ 74]9%94 EH7];]
o F=7

o

A A &

=
.

F o A&
= O_ O T

S n r B

i < & o ynon
10 Oﬁ I 0 =

wﬁ X Hel =3 oy GD o w#m HoTow
T Mo_l < = =T <0 X o M ho°
—_— N _NA \Wro ,‘% _ O._L EL A_O 0 ,._A.uﬂo —
% Mo N = N = = A B % A X A3
O T o on <y o X = D

o ) o= o ol T T m
WoE S HNE %ﬂw@l 5 0 RN
wxﬂfrﬁe %%E% 7A§§Sww u.oﬁawa mﬂﬂﬂﬁ%ﬂ
5 — 0 T 9 =

W = T o TR - wrf Me I _f :i hm o AT I = o5 NE
o Mo < S of T 0 o m 9 = o 9 i A
T . - LR T W o X B w w mqugﬂg
— ~ C..* o O —_ 0 ‘.;1_ 0 O.A _,AE il —_—

X N N & ™ o _ e " A : _ e A T o

NN Ao M E ooy O X ~ Gy T

F DI o <T NI N Ak SN
o @%q% ) — % An T 5 M X e}
VG~ 7 o el B o g T T oW E F 2 4
% o N o — " = o}/ = iy X < 5 ) _

— Ho -~ ol ®Y Jo© = A 75! n =l L TE = el £3
PTREREEE . - cTE 1T i3
L3 Mﬂ % A Wo F U g o o n_w%_ o - 5 g - oy A Yo
‘w ot N EO ‘% ‘Z’ﬁ ,)AI ox 0 ‘mﬂu E_.ﬁ ZT._ 0 g in E_.ﬁ C..*
o F S o = o X B 2 Jo AF B W Y % o °

- ) > I y Wl 2 o &roo
mﬂzogﬁa. anﬂ%%ﬂ? @E@ A T
o Hn NEoRR T ™ o i - &y o = > Ho B = NE X XA il \-
_XL _ T E yA‘._ M,A BH ~ X on ) =~y T AT _ ,ml Al

C o T S gL N S ) ~ - T T c
B o w — Njo o ol 1 e = X = S " E e il
XN [ o % o W Ton n =2 T R N =
SELERES p 229 2 ESz T

%ﬁ@ﬂ.@ﬂ ﬂwuoa.gawu ev@h Wﬂ%@ﬂﬂ
%zf.z% + 9 o ATDAL %Ax moﬂﬂou1
= o 8 W= ™ N T T 4 N R~ i o <

= B M o= < % - = 8% — T w0 0 W
{- T O~ Y oy = B

A NF T N % ol o F W o X
. AR = o= p _ o~ oy © el | ] o X
B T Ta T 2 YR ) s ™ A =
X g m P o W T T o O N0 J oy 2

Ao = Hr o)l V{ = g = X< o He Ry 15 2o O

< W T T ™ g N o= = N o T X T om P s X

A + o N TN oo ™ < 2 o X <

ﬂoaoavﬂa O.JE T o o0

Gl Z oo <~ = S W H

7ﬂ LwFar.m Mﬁp%%ar.
ﬂ@.EMBAT}mM

< 0| i o N
b K § i

2 o

- 40 -



ldo NO»(003~03.11)

C
°
©
1=
(0]
o
c
o
o

5,

0

35

Donghong NO,(023~0311)

30
c
s 25 —e—Spring
8 20 --B-- Summer
o —aA— Fall
o 15
5
o 10

5

0

35

Gosan NO,(003~03.11)

30
c
-E 25 =—¢—="5PTIng
©
*E 20 --B-- Summer
s 10 e \\/ inter
O

D s s e e kxS S T T o e

35

30 Chuna NO,(031~03.11)

—&— Spring

N
a

--l-- Summer
—aA— Fall

N
o

e \\/ inte

Concentration

—_

o o O O»m

1 2 3 4 5 6 7 8 9 1011121314 151617 18 19 20 21 22 23 24
Time, Hr

Fig. 9. Diurnal variation of NO concentration in Jeju area(unit : ppb).

_41_



P

1

N2

ok

et ol

=
[¢)

o

tol 194173l A= Hax7F debuA SH 039 ¢

S

114] ©]

7] W Zolt}

Beld wk

=1
=
=
=
=
=

o]

=
=

il =] o
H 2] peak

L
-

0

o5 o] gL

=
5

=]

RLN

=
-

B

S

il TFA]

3

3t

S

A431) O3

s

&l o= oA Oz0] o] AH

<]

=
=

oJ
-
J=v(Fig. 6

EAA]

A4 A NOt 2.2 9

5

NO; Z7FA1719) COxE &7}

a7l e}

o] 701'
o

3

X

=

=
|5

Hl
, 1993).

vy
7

2

of 3l

. CO

(%
¥

el
T

—

o]

|

el
N

AT HelA CO¢

A A

2

X

]

S
<l

ol

o)
NR
i

M
Ho

_42_



8
Ido CO(003~03.11)
C
o
©
<
(o)
(&)
C
3
2 —<&——Spring
---B---Summer
1 —h—Fall
0 e \\/ inte 1
8 -
Donghong CO(023~03.11) —®—Spring
7 ---B--Summer
6 —a&——Fall
s m——\\/ inter
T 5
<
s 4
5
9 3
2
1
0
8
Gosan CO(003~03.11)
7 =3 pring
6 c-rE-: Summer
S g [ 2 |
T S Winter
<
o 4 r
(&)
5
g 3
2 L
1
0 S S S S S S
8
7 L Chuna CO(03.1~03.11)
6
5
= 5 r
o
c 4 F
(o)
(&)
S3 (oo e oo oo o o o o o oo o DD
o
2 F R .m--H- ..
1 L -~... e - . N R B R
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time, Hr

Fig. 10. Diurnal variation of CO concentration in Jeju area(unit : x10 ppm).

_43_



4.2 CHAIE B2}

N

ﬁ
N
Np

ﬁo
B

{2 ti71d e SAolMek o] 1-hr

R

kel A

St NOZA A 718471 %S Estbshs Ao e

7} O3

N

Table 8l

e

o

ol BH AFAA 7]
Tt 17%°]H, 40 ppbol’de] FXZolA= Hit 32% HAE=ZE LERRLT

=

1

3

3

W

ofe el wlal 20

gl

Z

Jo] e ew Zzorlel BRIl A4 ey

S

ppb ©]

A

1=

oM FANETE A A e 1)

o

HH

JEE

¥

.50

jgase]

[e;

g/]

A

& =A4 )

e
A

N

94

o AFk TE

ol
S

ojZx B AFA

AFAS w7 = 03

F
T 78% FEOIAT EAAY

a1l A

3

i

20~60 ppb A}e] ol A

E%7F 20 ppbell A1 60ppb Akolel 7k

3o 2% ¢ WZ7F 40~60% HEQ]

Al A E R A2A ol 10 ppb ©

A

|

°
N

0~80 ppb (Fynlason-pittse} pitts, 1986)

- 44 -



Table 8. The occurrence frequency of 1-hr average ozone concentration in
Jeju area during 2000.1 to 2003.11

Frequency (%)

Ratio of
Year Station  missing
[0}
data(®)  n_99  20~40  40~60 60~80 =80
Ido 334 9856 5519 1510 111 0.05
2000
Gosan 915 426 3041 5288 1201 044
Ido 2,64 2098 5413 2309 165 015
2001
Gosan  31.83 6.38 046 4501 777 039
Ido 0.35 283 6174 1502 04l 0.00
2002 Donghong  1.46 9560 4596 2352 453 030
Gosan 523 8.28 3576 4570 968 058
Ido 0.38 1760 5194 2823 213 0
Donghong  0.72 17174530 © 3028 646 079
2003
Gosan 1922 1373 7637 9.89 0 0
Chuna 544 1588 5012 2932 424 044
Total 779 1692 5070 2796 413 029
2 4+ 9

9 0
23ES AxdE et 283 Fig. 11os H 4d Fote) 71874 %3
A+E ¢z Yepdllth Fig. 10014 sietzbel fxstdA 25k AlFm A9
71 dE dzse aake]e] 03 3 54& B9, 20023704 29 ul7] 87
ES FAGY 2 g 453 =drh 20039l =3 W]
3 S vEbth 2E 3 s 700me] AFHE A Gl 1A Mol FolA x3)
=

= o ® gobEdrh. mAIA Rl AFA] o] kgl
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Table 9. Comparison of air pollutant concentration and meteorology
parameters between excess day and normal day base on 8-hr

average air quality standard of Korea

Concentration meteorology parameters
Con- ;
Station Season 'n O3 SO; NO, CO AT Max Wind pp Rag.
dition Temp. Speed

&M%mMM®m<m(@)m@<%<wﬁ>

Normal 444 39 228 73 6.7 178 23 654 660.3
Ido Spring
Excess 643 38 212 65 73 186 28 633 662.3

Normal 351 25 146 6.1 58 276 20 762 6694
Summer
Excess 67.9 '35 151 83 70 273 24 584 8368

Normal 39.7 33 160 60 58 21.0 23 682 5473

Fall
Excess 679 30 184 63 65 239 1.8 704 6922
Normal 329 48 205 69 54 97 3.0 634 369.1
Winter
Excess
Dong Normal 487 2.1 78 44 66 193 1.7 664 -
Spring
hong Excess 69.3 2.1 90 46 80 221 1.8 56.8 -
Normal 33.7 24 53 38 55 280 1.7 807 -
Summer
Excess 674 2.3 50 47 75 269 1.7 654 -
Pall Normal 469 24 77 50 70 234 19 652 -
a
Excess 676 23 84 48 176 264 19 641 -
Normal 36.7 23 68 47 70 125 19 623 -
Winter

Excess - - - - - - - - -
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Table 9. Continued

Concentration meteorology parameters
Con- :
Station Season | 0O; SO, NO, CO AT Max  Wind R.H. Rad
dition Temp. Speed

o 1) 2
8-hr 24-hr 24-hr8-hr (°C) ©C)  (m/s) (%) (W/m")

Normal 451 1.3 45 47 64 170 36 741 7206
Gosan Spring
Excess 65.1 15 48 43 67 184 18 734 9074

Normal 388 1.1 38 51 53 264 3.0 852 7289
Summer

Excess 689 14 54 66 6.1 255 34 790 9110

Normal 46.2 14 43 40 6.0 21.2 37 698 6454

Excess 678 19 47 53 6.4 237 44 688 796.8

Normal 35.8 20 42 41 54 96 53 662 4196
Winter

Excess 677 66 73 74 70 125 1.8 595 6644

Normal 39.7 20 21 3.3 95 183 24 732 6628

Excess 682 35 26 26 51 182 44 827 -

Normal 432 20 21 22 81 252 21 799 5679

Fall

Chuna Spring

Summer
Excess 706 27 31 31 118 241 21 667 7357
Normal 466 1.7 21 - 10.1 19.0 1.7 - 721.8
Fall
Excess 688 27 23 - 129 216 1.3 - 804.5
Normal 403 24 19 7.1 - - - - -
Winter

Excess 615 44 19 44 - - - - -

. NO,
Table 10> d¥ NO; %7} A& A 7+ 23 A4S AdE=E

[\
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Table 10. Number of excess days and Frequency of 24-hr NO: standard in
Jeju_area(2000~2003.11)

Ido Gosan Donghong Chuna
WO s 62 :
L peneys 389 8
W2 ey 6 167 8 8
D ey 560 8 8 :
1o eneys a5 8 8 :

Table 11. Air pollutants and meteorological parameters for excess—-day and

normal-dav_of NO»

Concentration meteorology parameters
Season 0" NO, 05 SO, €O ar Max Wind pyopag
dition Temp. Speed

24-hr 8-hr 24-hr 8-hr  (°C) or) gy (%) (W/m®%)

S Normal 228 444 39 73 6.7 178 2.3 65.4  660.3
pring
Excess 448 433 66 87 75 191 1.8 58.8 7157

Normal 146 351 25 6.1 58 276 2.0 76.2  665.3
Summer
Excess 451 390 32 66 6.2 250 15 65.7  756.2

Normal 160 397 33 6.0 5.8 210 2.3 682 5473

Fall
Excess - - - - - - - - -

Normal 205 329 48 69 54 9.7 3.0 63.4  369.1
Winter
Excess 439 320 95 119 75 126 2.0 615 365.6
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Table 12. Mean relative standard deviations for Os concentrations in Jeju
area(2002.3~2003.11)

Ido Gosan Donghong Chuna

Year Season
mean Ors mean Ors mean Ors mean Ors

2002 Spring 31.83 030 4820 013 3220 0.38 - -

Summer 2432 034 3719 024 2380 043 - -

Fall 3040 029 4193 013 3856 0.30 - -

Winter 2778 024 2622 020 3382 031 3539 017

2003 Spring 3727 025 3152 014 4511 025 33.08 0.24

Summer 3003 037 2418 019 2892 026 3482 0.27

Fall 2919 038 3004 021 3540 030 3704 025

T
Jz
HI
fols
il
4o

g 9 EAF(A0T40, SUMO6)
AANAE 2F AEF AOT40, SUM063 2ol 43 dAFE o4 4
AR Yehl= Axse] 7P 443 oF AxE ¥ glod, kA A%

womt A4e g F

fr
fo 4
N
Jm
o,
tlo
=5
e
p‘L
N
=2
rir
ot
i)
N
o
O
it
i
ql
£

W= (Table 8)¢F 22 71E9 EAUMI A A&A7I= Zeo] urdA st
(Musselman 5, 1994).

Table 130+ A9EHE AEdH & AF#s At depillth o714
AOT407 SUMO06 wixd 4olA 9€9 Afoje vt AJZEQI 09A]F-H 154 71A] 9]

t}
Table 1394 H o] Z=AAHQ] o=y T3S B 352 &F A
kol olmEo] mHEte] 2~4u) AL =
percentile 557} o]E%Eo] HlE 10~20 ppb AE =& A #H#Ho] Z&S &

P
T 3l

AgAjel waelsh AoteFelAsl A¢ge wabelolA 20039 A9l
W OEEE AFUAS FATE G 5 9

AFA G SUM06 A2 =AI X Ao AE 0.31~12 ppm « hr HY o)z, A
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=

LA 2 59~144 ppm - hr Heldd], et A&A A ruwE 0.05~7.1
ppm - hr o H]& A =& FF & g AquHEA A, 1999). 283 T Y
27y 99 FEAYG gk SUM06 AF#ke] 15~25 ppm - hr & Hi% n}
= (Vincent Cheung®t Wang, 2001), A9 Z@LX]Hl uikElel Hole &

A e oo wEA e £EYS & 5 Ark

jales
o

A FA G 4DH5E 9L7tA] 2 E9] AAA 7o) ArE AOT40 A F7<
B A Ao AE 1.64~859 ppm - hr ¢ WYoli HAA oA 530~
11.09 ppm - hre] H9E Holx Ut} o= =AS A3 HA&A G 10~20

ppm - hr, A7|A9& 5~15 ppm * hr 53 vugd o 23 <& FFL& oy
Aow Fody. DAY dE Oki dolA Eayd 10~30 ppm * hroll H] sk
32 FEYS & Atk (Pakpong 5, 2002).

OlE 2FE AFE EF uFL FHXNEA AFHIDE uFkE 2FE9 3
o

Table 159 A7 2&% % B X E percentile® 43 A3E BW FHZ 44
7Fe] 95 percentile %7} AFAlAA 57 ppbE ¥XA &=d HF FEFAAE
64 ppbE WAL Ak 2l HLAAGNAE 65 ppbE HolAML Utk 99
percentile®] YAME Z=A XA A FAI= 60pphE H o FFFAA=
75 ppbE EA ZIsta Aok 2Eal ALAA G gkl Hope el A= 70
ppbE Z2HdtE Aoz vehva 9tk
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Table 13. Various ozone indices, yearly average, and percentiles in Jeju area

. Percentile

Site  Year Indices(ppm - hr) Max. ave. concentration(ppb)
AOT40  sumos  (PPP) (bl g 99
2000 3.07 1.57 71 31.2 55 62
2001 443 2.59 76 35.43 57 66
tdo 2002 1.64 0.31 64 30.09 49 56
2003 4.57 2.60 70 34.24 57 65
2000 11.09 14.41 87 46.26 69 78
Go 2001 5.30 591 30 40.02 65 71
san 2002 9.86 12.74 92 43.70 71 8
2003 0.32 0.00 51 26.49 43 47
Dong 2002 5.40 6.73 92 33.30 64 75
hong 2003 3.59 11.79 92 37.95 70 34
Chuna 2003 5.87 6.96 97 36.00 68 84

4.2.3 7174022 T A

Table 145 ZF Aol thsir] 2dE4 Fxol 7|AQARY] AAAAS &
A A3E el AFAFoNA 7 R 2 EAA G 9 A o] mF
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Table 14. Correlation coefficient between concentration of pollutant and

meteorological parameter
Site O3 SO, NO: CO Temp. W.S Hum. Rad.
Ido 03 1

SO, 0.038 1

NO; 0.066 0.529 1

CO 0172 0245 0.305 1

Temp. 0.094 -0.337 -0.141 0.020 1

W.S 0037 0164 -0.019 -0.010 -0.292 1

Hum. -0217 -0446 -0.363 -0.084 0359 -0.321 1

Rad. 0323 -0.031 0081 0012 0453 -0.151 -0.256 1
Dong Os 1
hong SO, 0.031 1

NO; 0.240 0.033 1

Cco 0173 0170, 0.072 1

Temp. -0.074 0.044 -0.179 -0.265 1

W.Ss -0.012 0171 0211 0255 -0.128 1

Hum. -0459 -0.238 -0.321 -0.172 0443 -0.279 1
Gosan O3 1

SO, 0.146 1

NO:; 0174 0.343 1

CO 0310 0332 0261 1

Temp. 0.278 -0.219 0.127 0.223 1

W.S 0.064 0.039 -0.252 -0.053 -0.160 1

Hum. -0.117 -0288 0.039 0.119 0471 -0.230 1

Rad. 0398 -0.022 0.030 019 0471 -0.148 -0.088 1
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Summary

This study was carried out to assess the air quality over Jeju Island
considered as the one of the cleanest sites in Korea. For this purpose, the
measurement data of four major gaseous air pollutants and meteorological
parameters were collected at four air quality monitoring stations located in
Jeju Island. In this study, the four monitoring stations were also classified
into two geographical groups, such as urban and rural areas.

It can be found that, except Os, the concentration of the gaseous pollutants
at Idodong and Donghongdong stations located in urban area were higher
than those at Gosan and Chuna stations in the rural area. However the
concentration levels of SO, NO; and CO were extremely low throughout Jeju
Island, compared with the other larger cities in Korea.

There were only two gaseous air pollutants, that is, O3 and NO., exceeded
the air quality standards of Jeju Island. At all stations in Jeju Island, the NO;
exceeded the standard only at Idodong station in urban area.

When the concentration of ozone exceeded the air quality standard over
Jeju Island, the other gaseous pollutants were also increased together, and the
meteorological parameters such as temperature, solar radiation and diurnal
range of temperature were higher, but humidity was lowered. However there
were little relationship between concentrations of pollutants and meteorological
parameters in Jeju Island.

In this study, two ozone indices were also estimated. In urban area
AOT40(Accumulated exposure Over a Threshold of 40ppb) and SUMO6(SUM
of hourly concentration at or above 0.06ppm) appeared to be ranged from 1.64

to 859 ppm - hr and from 0.13 to 12 ppm - hr, respectively. In rural areas



AOT40 was 5.3~11.09 ppm - hr and SUMO06 was 59~14.4 ppm - hr. The level
of these ozone indices in Jeju Island were not low, comparing with those of
Seoul area in Korea.

Although the level of Os concentration was significantly high over the
entire area of Jeju Island, it can be found that, based on the value of mean

relative standard deviation, the air quality was cleanly maintained.
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om A& olFou=d FosfioF gtk NOx F4 2> diiEo] NO.E NO=
HSAAAM 3184 FF2S FAHe] ol Folxiv. By 83 7|sS o] 838
SAY 23ES 24, NOE NOZ AZAZL F d= EWAZA A (surface
converters):= PAN} 72 T2 AtslA A4 e E slsta 5 NOZ H3HA]7)

=
A HER SAH WaE T2 22 & F vk YRR EAAYAAE =4

—_

NO ®iZo]l #7] witel NOst NO7F & w4 A2 (NOy) oA 71 -4
A2 Y HolBR PANC|Y thE A ArstEe] wairh Ao er 2 A
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o of gt}
1912121 mj=e] A &o] S-Alstw o] wf
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Att.
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_LL;oo
74sko] ¢
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ow o] NOx #ZogA% oy
NOx7} th& NOy Fo= A%y dod 5435 A
th. NOyell g NOx<]
A
A
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2 5 9l

= Z=Al A
7} 13 A Gl A o e
T8 ,

Zr(characteristic time)< 4~20 A|7tolgtxl FAH H

H & 24 NOx7F 2710l frdd Fol 37 FolA dolues s43h4 3#4g5 wkyd
] Aol a2 NOx wj& =2]al NOx7} v& NO

287l wEel] Z=AIAYelA NOy s+
=4 Hol ¢td Hd

A= 1 ppb olste]
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HE ALAGelA o] 761 NOx
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ERHEE]
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g Qe
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7F "ojHd walA NOx7F #7] ZAFSY (organic nitrates, X% 22 PAN)o]
7] A (FE HNOy) &2 9] 3}8t4] Hd3ho] Frhste zlow osjd
o 7w A= JFY ¥ NOx/NOy H|E Holt, agla 127 E&
sto]l jAIgE oW Sto A= PAN/NOy BI7F Hdl S Hlth dAl= PANS o|#
At el A 7Hd F5-8 NOy shshsoltt,

HNOs& X33ste] 7142 NOx9| Bt difF#d AFAGES 1~4d, J=28 4
2+ (particulate nitrate)™ 3~9¥ A X9 W olt} ol vy #F2 7|y
FHoR Q] AAXAsES wEd o3 F8 JFS EHHom A qf
Eeprluve A 52 A9 R o3 &

NO¢| 4™ 7] oA AR AbstE Ay O3 ROz, HO: 539 #3tst
kol oJgtel NO= HEgozmA o]FojxH, o] NOx= #3138 wEow
AdE OH #trze] v whgetH vt wes AAd dAiow dads 34
o] FastA Hrh

NO; + OH + M — HNO; + M
7] M2 Np B Q9 2o AuA &4 et

EZE et A Gl A= NO7F sl d ke RESato] A s AT o=A o
71 Sl AAH = g

2NO, + NaCl — NaNO; + NOCI

3NOz + 2NaCl + HoO — 2NaNO3; + 2HCI + NO

7] FelA el AFAIZEE NO9H NO27F 2~59, N:0O7F 20~100d o2 54
¥ 12 9 tH(Urone, 1986).

NO= 72 B FAdA Qe mj=dol osir BEH= T8
7] ZIA o] AR COL92F H200 B3l 2 &7k ofF sty 2 A7 N,09 X1

AFAZS B4 AUA Frol mwd 2] dRe] Y o] & &4

i
1

EH7IAE LA A

NHz= th7lel A a3 714 71Alel™, di7lgol A Nosk NO th5 o =2 7}
S AL EeIth NHd 583 MEdozgs TEA], T4 ES
ammonification, E%olA NH; B 59 A2 g g4 55

Ry o] (NHi ) dtiFelA diiFd ololzExe Fad TRt NHe



Eoly B 22 x| A4 F5FH7] wEd A iyl AlFAIZEe] 10

T2 o #e Aoz 4#A vt NHse 54 2 A4 I4L& NHz9

Fo A AGA . AR t17] F NHs9F NHy 9 I8 1 (9o AEAo|

a3 gdokdo]l & Aoltk NHzo di7] FEE U] Wwsirr Asta, gE
2

ol 4 NHz &¢Hle] ® 9= 01~10 ppb A=< AL

rl

3

2F(03)& Ak AR AR o]Fo|A glem], Ao wkgAo] Fi VA=
A AR Aol iR 7] FellA AdHez AdHE, AdHew YA
g e 09 FEE W= 10~20 ppb A=) Aom FEA Qv

oF 90%+= A% 10~50 kmAteolell 1= S "o
Adov (vt BE&E, 1995), YA 10%E A7 AZHOZRE 10 kmol)
= Abge EF7IY e ASss T A4 e vE e
ol wAEe] o= d3l& FA ¥ rh(Tilton, 1989).

FE B qdFol FAE H st @kt NOZE Bl Eel

=
N
I
2
__)‘4_:1
@)
w

o

Lo
Hu
e
2
x2

3 REEY Q0TS 907 AFAY F dE EAE A Pt}
NFd 038 A F3lehmtgoz PAH SATUES] A FEHo|H,
Fd 2EFEY WEade ASAdAMY F, diFAN AR Fahst w0

Soll o A, ¥ Ao ZFHY F9 sol AHETNA =, 1992)

B o] EA stol A dubHo @ 030 A FaxibsEe Fajele] o)
A AR T A ok 2R AN 2 EAR oy dd A el NOzo
Aol o AAPRY Oyserl B =2 497 vedsd o di7]sd
ghol vt EAEEA AbstE o] b7 1(RODE ABAAZIH 035 2EAI71A
g il% NO7F NOx= st = & 7] wjitoltt,

webs O30 A& RO F=9k ¥AZE Ak ROz &b, A9k
OH, HOzel oJste] AAFHT. 2d% 7] FolA O3 % dFS +
BFde] &=, NOY/NO H|, WA ©@3leae] ik, 7|8 dHs=9 CO %

O 5 AAdste 298 Tolth



Hrdol M el Fatetntgat ASdolA AdE O Aol el ) 3
spebd Adnkgel osto]l thr] FollA AART. Fstekgol oF 0z &
<o 9% 77 % Hy,O, OH, HO; & #°] wkgo] #ofgir.

NO + O3 = NO2 + O2

O3 + HO; + hv — 20, + OH

O3 + OH — HO; + O

O3 + HO2 — OH + 202
BEFE ofgbolli= NO2ok whg-3to] Ozo] AEHM, ojojA <dojup= wEZo] 2]&}o]
HNO;7F 34 # o},

ayEz oEY AAde o A= wEg dAE, & T, TH

’ ’

s 1EEA 2 AY &4AA ol LA #dE o] At (Vukovich, 1995).

=2
rir
Z
S
2
©
=

2.2.4. CO

7] & CO9 #& FFEole AAdHd 2 A9H wZFe] BF 7]ofsta 2l
ok ZsaE w7 2 Bk el ofsk wiE Zksde] COZF EATS B Y
A ok CO7F ul7l19 Add wF AEolghw AR 19490 LA =,
19723 ol o= CO9 A<l wiEel digh A= A9 fldth 1972 o] & 4
FH ATl HA AAHoz wEFH COE dHoz nmEse ARt F
Wolyegl dHo2x 10 vl B g g

A4 A dl7] COel 77% ol o] wgel] olgt Aoz L&A U=d], o wg
S FA4, ddl AW FelA FF F71E] B Qi o= 3o dHA g
th g7l & WS OH guZolu; Aba A9l wk&sle] CH; #uzds A
ok o71M AdE CHs gttZe] t& weS Haste A4+ COE A st
BEoh OH @dZ3 O 94+ %719 CHy 432 do7)=d Fasit) uebA
g7l & CO9 Fo wEdozZA= Y] Foi UEEes AARGE o] U
oA CO7F AAEE AU S & & rh

slde] W7l F COo° F
o] d7|Z25EH 58 88 COE 74T & e o Hgoy s

N HAZ WAL F3) CO F& 1@ Frol DA% 4F Fut 10~
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40 W o4 © =ZA el olE algacst tHE AEEH WAde] mHS
CO ol AA=Z 7ojgtia B gtk o] COZF AAR u7j2 wEHh

COE E% utelgolo] @5l 9s) CO= Astg oz th7] FollA AAR
ok vl A9 A BEgel skl AlAEE CO %S o 500x10° ton/year?d
2 FAHY, A A7 A9 SAdM wEEHE S AT AR B
o] COAlASE S g =ZtHGodish, 1991). ©] <Jo] hHFA =D A=A 9]
shsl k3o o& ul7] FelME AARL
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Table 1. Air Quality Standard in Korea

Seoul Kyonggi  Daejeon Jeju Incheon Korea
Pollutant
('97.12) ("01.8) ('97.12) ("99.1) (00.11) ('01.D

0.01/yr 0.015/yr 0.02/yr 0.01/yr 0.015/yr 0.02/yr
0.04/day  0.04/day 0.06/day 0.04/day  0.04/day  0.05/day
0.12/hr 0.12/hr 0.13/hr 0.1/hr 0.12/hr 0.15/hr

SO
ppm

CO 9/8-hr 7/8hr 9/8hr 5/8hr 7/8hr 9/8hr
ppm 25/hr 15/hr 25/hr 13/hr 20/hr 25/hr

0.04/yr 0.04/yr 0.05/yr 0.027/yr 0.04/yr 0.05/yr

I;IS;H 0.07/day 0.075/day 0.08/day 0.04/day 0.07/day  0.08/day
0.14/hr 0.14/hr 0.15/hr 0.1/hr 0.140/hr 0.15/hr

TSP - B 90/yr 150/yr ) )

pg/m’ 230/day  300/day

PM10 60/yr 70/yr 50/yr 60/yr 60/yr 70/yr

pg/m' 120/day  140/day = 100/day — 120/day = 120/day  150/day

03 0.06/8hr  0.06/8hr  0.06/8hr  0.06/8hr  0.06/8hr  0.06/8hr
ppm 0.1/hr 0.1/hr 0.1/hr 0.1/hr 0.1/hr 0.1/hr

Pb

e/ 1/3month  0.5/year 1/3month 0.5/3month 0.5/3month  0.5/yr

2.4 AMU=SE 2|F 2ER|E(ADTAOI SUM0G)



o] @3 wjioletx ®Bil H vk 9 vk(Showmann, 1991)

olgdt ol = AsA 7] F F VEA £ AHE AANIAY EE
WHOSF & A4 717elAx 2 7]&S vhdstal ok 9] Aol tha
dds mEsted WHOOIA = 76~100 ppb (I-hr H+) Z18]3 50~60 ppb
(8-hr #H)o AHS Fi dor A5 HFTE 9sfA 1-hr HF 2= 100 ppb
Sl 24-hr F3t o2 33 ppbE AlAEtaL Aot w=el M= =7 S 2= 120 ppb
N E g ss)2 A5t 9l o} Californiadl A+ 90 ppb= 73tste] A A st

Atk EUAA = Q074 R s E 93] WHOS A%S mel 55 ppb(8-hr H)S

EEEE)

<

.31

Qo o3k A= vl eF] wx, Vg 2P AEe] F g W

A g sz wel deA s ¢ AR B A FRe @ik AR
AEE wEol oF whES Ao e, AsistA g FA4% Wste] wE
el A A FEdd o s YEtdtH(EAE T, 1999). 12 A N A Ee] AS7)3¢
Ao AAA B vud g Fre oF wFo o m AEAE, 2
A, 37188 Ad, A& THFHA, FEFEA FY vt dedna B
3 H(Denise L, 2003; Lefohn, 1997; USEPA, 1996). W2+ &% &
M @71 mERTE AeE LEAA BV mEgEd Aol dAlel 8 9 st
U= Bau% th(Lefohn, 1997; Spektor 5, 1990). Zr#]a ¢lo] I FA4S &
T e vl g2 sholAx: Fed e oA, v F3Ede R oF

2

to

A7 AP ZHA Fdo A FAde AX FAHE ttdA F5E vhAgd A
Ey&z s ol HEHE ARE Y sr|E stth(Health®t Taylor, 1997)
HZT oEH L oZFFoR HH oz LUty HFHANA A=



& 2
Lo % v A QA A ElE dofetelw vzt Al AE e ddE] W
Tl A FE aelEojof gt} 58] @ FEC] FU|TF wEFd wE AE vy
¢l Fal= ol YA BA AAT] TS| wfzo] o] wE
Brret=d ol L EH AHE ARET AHAHI =
Ax Fasjorstny Be H&H Afto] 28 A A (EAEH T, 1999).
wepa @ F=o] gl wE A= Ak AAE Hrbete HERA v
A& SUM06S ol &3t el AOT40S o &3akar 3t
AOT40 A3+ UN-ECE (The United Nations Economic Commission for
Europe)oll Al A A E A2 Al F3Fs BAS79 #1750l tH(Skarby
9} Karlsson, 1996; Fuhrer, 2000). AOT40 53t AlZtdlol] 5% kA 40ppb
& 2Hete 2F vRdY FF =E@gS dvletedl, A=Y ATl wet 3
Ne T 670 Fbedl AAtE Tk wrell giai A= 7hd kg A 719 44
RE 99714 670Y ARE 9 AOT40S 10000 ppb - hrz A3kl 9ok el
A ERE] BE sFEC] 5% Hadte FAE AEe] AFT|ZRI ML G~T
3000 ppb - h= AAste] 1 o] el FEeold A4 sow wdela
QITHWHO, 1996; Beck =, 1998). 12]x 74A149l ms)7h Jehtbs 24 9
of gt 7+ 71 OJ-’EXHVapor pressure deficit, VDP)7} 1.5 kPa°]’d¥d df
A4 59 %oF 500 ppb - hr =& VDP<15 kPa¥d w 59 =<t 200 ppb - hro& &
A8t At (Donev &, 2002).
vl SUM06€ AOT40s Hlwd H4 o= NCLAN/USEPA(The Nation

ax

Crop Loss Assessment Network/US Environmental Protection Agency)el A A
ek Agolth A ES 10%0]7d HAaAE F 24hr-SUM069] ++& 15-25
ppm - hr2 32tstar i (Chameides %, 1999). Lefohn®} Lioy(1994)<}t
Musselman 5(1994)2 m]=rel A 10% F=°] A E 3MY 52 SUM06 3t
< 264ppm - hr& AA g B} Aok, 7 F Hogsett 5(1995)°] NCLAN A& & Ht
goz FA% A3 SUMO06¢] 23.4ppm - hr ©]/4d wf AA A& 53 a4t

_16_



Fuhrer, 2000), solAlol Al =, 42 3 F=AFY F F4E2 #o]7)
ook, 28 ar 2000 el T, 48, o] BAYLEFo] 29 13007 ES A
Abgk Wb EUC YEbES &3 2608 Eof =33t th(USDA, 2000). 18] 2
Lol wigh Aol A2 HEu o Asivs A4 Z37F Ath(Aunal 5, 2000).
agal o] ARE AMEshe oA 2AE EE A vl =2 AOT40=
Helole EBFeta s A" 28y sue A7 235 v (De Santis,
1999, 2000; Ashmore®} Fuhrer, 2000; Fumagalli &, 2001).

A RE FofAlotoll A 191 A1 o] Tt el mek O30 <lste] AFd &
A w AL AT g% ostd Aol oo vk (Pakpong 5, 2002).
18]35 Aunal 5(2000)°] 93t 202009 = F=e] AOT405w°] 30ppm - hr7}
Hol, A% 5& AT BAaVE dojd Aol FEsv| = vk aga dE

AME= FAE FFol ostol tFd LE0]

fr

=

N 2% A=A S7HGoRA A%

Al &l A A4t ey vk BaE vk (Akimoto s, 1994). w
g sEuEE St Aol g Ao mA eFol oF dart 9
T gl AAoRE o]5 AOT40¥ SUM06 AZE< ol&ste] dAe 7|4
Fzoll td Azl W dFHE=E Aol dete] & ok Ao
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Fig. 1. The location of air quality monitoring site in Jeju.
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Ha s AeSALe A4S yErd Aol adeA B AFE Sl Al
FA ol ARl A i, FEFel MAEA $ET FAHAC] A 12

% 2ol fAE e, AFA A AAF e

i)
K
K
=
o
g"
o2
b
fr
E)

Table 2. The location of ambient air quality monitoring station

Site
. . . Sampling .
Station Location elevation e Classification
. height
(asml’)
126° 31" 50" E .
Ido 33° 30" 00" N o0 m 9 m Commercial area
126° 34" 00" E . .
Donghong 33° 157 00" N 40 m 9m Residential area
126° 10" 00" E
Gosan 33° 177 00 N 72 m 4 m Coastal area
Chuna 1267 277 31 " E 700 m 35 m Forest area

33°20" 30”N

* Site elevation above mean sea level.
x*% Height of sampling point above ground level.
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S74717k2 2000 1€5H 20039 11€74A9leH SAHEELS SO, NOy,

CO, Osolth. ti71d Aol AHgd 54 7171 2 544 el= Table 33 2tk

Table 3. Instruments used in the monitoring stations

Pollutants  Station Instruments Method of measurement
Ido API/100A
SO Donghong  Dongan/DA-1300 Pulse U.V. Fluorescence
2 Method.
Chuna
TEI/43C
Gosan
Ido API/200A
Donghon D /DA-2300

NO, . & O Chemiluminescent Method.
Chuna

TEl/42C

Gosan

Ido API/400A

co Donghong  Dongan/DA-3300 Non-dispersive Infrared

Chuna Analysis.

TEI/48C

Gosan

Ido API/300A

Donghon, Dongan/DA-4300

O3 shons 8 Chemiluminescent Method.

Chuna

TEI/49C

Gosan

o= I LA A tirld AmE 20009 145 2003 119744

FHsAOH, F252 20029 3¥5H 20039 1149, ol F2 2003d 1€

nﬁe
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H 20039 11€ 71#4] A=RE 4

< U5 &l YEh

Table 4. Number of available date in Jeju area

. Standard Total
Station ] . (O] SO, NO2 CO
Time period
Efficient Time 34,080 33,743 32,275 33,668 33,232
Missing,% 1.0 5.3 1.2 2.5
Ido Efficient Day 1420 1401 1,341 1,397 1,381
Missing,% 1.3 5.6 1.6 2.7
Efficient Month 47 47 47 47 47
Missing,% 0 0 0 0
Efficient Time 34,080 28,856 28,690 21,757 28,763
Missing,% 15.3 15.8 18.6 156
Efficient Day 1420 1,135 1,121 1,070 1,120
Gosan o
Missing,% 20.1 21.1 24.6 21.1
Efficient Month 47 42 43 41 42
Missing,% 10.6 85 12.8 10.6
Efficient Time 15,360 15,284 15,244 15,103 15,230
Missing,% 0.5 0.8 1.7 0.8
Dong Efficient Day 628 623 621 615 620
hong Missing,% 0.8 1.1 2.1 1.3
Efficient Month 21 21 21 21 21
Missing,% 0 0 0 0
Efficient Time 7,776 7,639 7,635 6,213 5,311
Missing, 2% 1.8 1.8 20.1 31.7
Efficient Day 324 317 316 257 218
Chuna o
Missing,% 2.2 25 20.7 32.7
Efficient Month 11 11 11 3 8
Missing, % 0 0 21.3 27.3
Foll A A 7kl A=A 71E(15%)0l 2k X A= AR AU
g, 24 MESAS setalr] @ Azl Ad BHAAE ole@ 7E
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Table 5. The mean values of meteorological parameters in Jeju areas

Rainfall . Wind Max.
amount Temp. AT Speed H. Solar Rad.
(mm) o o (m/s) ) (W/m®)
Ido
2000 1189.4 15.7 6.1 3.4 66.2 -
2001 1388.6 16.1 6.0 3.2 65.0 564.6
2002 1876.1 15.7 5.6 2.0 67.8 554.3
2003 2083.7 16.8 6.2 19 73.1 587.7
Donghong
2000 1368.5 172 6.4 3.0 67.2 -
2001 1782.1 174 6.4 3.3 66.4 -
2002 2049.2 17.3 6.5 1.8 67.8 -
2003 2329.9 184 6.4 1.7 69.8 -
Gosan
2000 1013.6 152 5.6 72 2.7 -
2001 11137 156 59 7.3 71.8 651.9
2002 1236.8 15.3 5.8 19 73.8 649.4
2003 1553.2 164 5.6 19 77.3 603.3
Chuna

2003 27184 11.8 8.6 2.0 78.0 642.0

* . diurnal range of temperature.
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Table 7. Comparison of air pollutant concentrations between with and without

the precipitation phenomena in Jeju area

Concentration (ppb) Ratio of

Pollutant Station Year L,
Rain days Non-rain days mean concentration

SO» Ido 2002 3.23 4.35 3.96 1.35
2003 2.22 2.716 2.54 1.25

Donghong 2002 2.09 2.56 2.37 1.23
2003 2.13 2.41 2.30 1.13

Gosan 2002 1.06 1.36 1.26 1.29

2003 1.24 1.79 1.60 1.45

NO; Ido 2002 17.25 21.14 19.79 1.23
2003 11.17 14.36 13.03 1.29

Donghong 2002 6.87 7.49 7.24 1.09
2003 4.33 7.29 6.78 1.68

Gosan 2002 3.86 3.87 3.87 1.00

2003 4.18 4.87 4.61 1.17

O3 Ido 2002 33.20 36.74 35.51 1.11
2003 36.81 41.84 39.71 1.14

Donghong 2002 37.89 44.31 40.20 1.17
2003 37.65 48.34 44.08 1.28

Gosan 2002 41.61 48.59 46.23 1.17

2003 28.78 33.96 32.09 1.18

CO Ido 2002 6.72 7.21 7.04 1.07
2003 6.30 5.83 5.99 0.93

Donghong 2002 431 411 4.19 0.95
2003 6.03 4.89 4.67 0.81

Gosan 2002 4.19 4.24 4.22 1.01

2003 4.40 4.48 4.46 1.02

# : [Non-rain dayl/[Rain day]
4.1.3. 43t

AFrze] A9 t7lF Os SOz NO2o| dWstE dopr7] 9]8te] o=,

AL, FEE, Hotes A9l 2000d 3€5-E 20039 11€7bA ¢ SAHAE
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Fig. 8. Diurnal variation of SO concentration in Jeju area(unit : ppb).
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Fig. 9. Diurnal variation of NO concentration in Jeju area(unit : ppb).
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Fig. 10. Diurnal variation of CO concentration in Jeju area(unit : x10 ppm).
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Table 8. The occurrence frequency of 1-hr average ozone concentration in
Jeju area during 2000.1 to 2003.11

Frequency (%)

Ratio of
Year Station  missing
[0}
data(®)  n_99  20~40  40~60 60~80 =80
Ido 334 9856 5519 1510 111 0.05
2000
Gosan 915 426 3041 5288 1201 044
Ido 2,64 2098 5413 2309 165 015
2001
Gosan  31.83 6.38 046 4501 777 039
Ido 0.35 283 6174 1502 04l 0.00
2002 Donghong  1.46 9560 4596 2352 453 030
Gosan 523 8.28 3576 4570 968 058
Ido 0.38 1760 5194 2823 213 0
Donghong  0.72 17174530 © 3028 646 079
2003
Gosan 1922 1373 7637 9.89 0 0
Chuna 544 1588 5012 2932 424 044
Total 779 1692 5070 2796 413 029
2 4+ 9

9 0
23ES AxdE et 283 Fig. 11os H 4d Fote) 71874 %3
A+E ¢z Yepdllth Fig. 10014 sietzbel fxstdA 25k AlFm A9
71 dE dzse aake]e] 03 3 54& B9, 20023704 29 ul7] 87
ES FAGY 2 g 453 =drh 20039l =3 W]
3 S vEbth 2E 3 s 700me] AFHE A Gl 1A Mol FolA x3)
=

= o ® gobEdrh. mAIA Rl AFA] o] kgl
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Table 9. Comparison of air pollutant concentration and meteorology
parameters between excess day and normal day base on 8-hr

average air quality standard of Korea

Concentration meteorology parameters
Con- ;
Station Season 'n O3 SO; NO, CO AT Max Wind pp Rag.
dition Temp. Speed

&M%mMM®m<m(@)m@<%<wﬁ>

Normal 444 39 228 73 6.7 178 23 654 660.3
Ido Spring
Excess 643 38 212 65 73 186 28 633 662.3

Normal 351 25 146 6.1 58 276 20 762 6694
Summer
Excess 67.9 '35 151 83 70 273 24 584 8368

Normal 39.7 33 160 60 58 21.0 23 682 5473

Fall
Excess 679 30 184 63 65 239 1.8 704 6922
Normal 329 48 205 69 54 97 3.0 634 369.1
Winter
Excess
Dong Normal 487 2.1 78 44 66 193 1.7 664 -
Spring
hong Excess 69.3 2.1 90 46 80 221 1.8 56.8 -
Normal 33.7 24 53 38 55 280 1.7 807 -
Summer
Excess 674 2.3 50 47 75 269 1.7 654 -
Pall Normal 469 24 77 50 70 234 19 652 -
a
Excess 676 23 84 48 176 264 19 641 -
Normal 36.7 23 68 47 70 125 19 623 -
Winter

Excess - - - - - - - - -
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Table 9. Continued

Concentration meteorology parameters
Con- :
Station Season | 0O; SO, NO, CO AT Max  Wind R.H. Rad
dition Temp. Speed

o 1) 2
8-hr 24-hr 24-hr8-hr (°C) ©C)  (m/s) (%) (W/m")

Normal 451 1.3 45 47 64 170 36 741 7206
Gosan Spring
Excess 65.1 15 48 43 67 184 18 734 9074

Normal 388 1.1 38 51 53 264 3.0 852 7289
Summer

Excess 689 14 54 66 6.1 255 34 790 9110

Normal 46.2 14 43 40 6.0 21.2 37 698 6454

Excess 678 19 47 53 6.4 237 44 688 796.8

Normal 35.8 20 42 41 54 96 53 662 4196
Winter

Excess 677 66 73 74 70 125 1.8 595 6644

Normal 39.7 20 21 3.3 95 183 24 732 6628

Excess 682 35 26 26 51 182 44 827 -

Normal 432 20 21 22 81 252 21 799 5679

Fall

Chuna Spring

Summer
Excess 706 27 31 31 118 241 21 667 7357
Normal 466 1.7 21 - 10.1 19.0 1.7 - 721.8
Fall
Excess 688 27 23 - 129 216 1.3 - 804.5
Normal 403 24 19 7.1 - - - - -
Winter

Excess 615 44 19 44 - - - - -

. NO,
Table 10> d¥ NO; %7} A& A 7+ 23 A4S AdE=E

[\
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Table 10. Number of excess days and Frequency of 24-hr NO: standard in
Jeju_area(2000~2003.11)

Ido Gosan Donghong Chuna
WO s 62 :
L peneys 389 8
W2 ey 6 167 8 8
D ey 560 8 8 :
1o eneys a5 8 8 :

Table 11. Air pollutants and meteorological parameters for excess—-day and

normal-dav_of NO»

Concentration meteorology parameters
Season 0" NO, 05 SO, €O ar Max Wind pyopag
dition Temp. Speed

24-hr 8-hr 24-hr 8-hr  (°C) or) gy (%) (W/m®%)

S Normal 228 444 39 73 6.7 178 2.3 65.4  660.3
pring
Excess 448 433 66 87 75 191 1.8 58.8 7157

Normal 146 351 25 6.1 58 276 2.0 76.2  665.3
Summer
Excess 451 390 32 66 6.2 250 15 65.7  756.2

Normal 160 397 33 6.0 5.8 210 2.3 682 5473

Fall
Excess - - - - - - - - -

Normal 205 329 48 69 54 9.7 3.0 63.4  369.1
Winter
Excess 439 320 95 119 75 126 2.0 615 365.6
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Table 12. Mean relative standard deviations for Os concentrations in Jeju
area(2002.3~2003.11)

Ido Gosan Donghong Chuna

Year Season
mean Ors mean Ors mean Ors mean Ors

2002 Spring 31.83 030 4820 013 3220 0.38 - -

Summer 2432 034 3719 024 2380 043 - -

Fall 3040 029 4193 013 3856 0.30 - -

Winter 2778 024 2622 020 3382 031 3539 017

2003 Spring 3727 025 3152 014 4511 025 33.08 0.24

Summer 3003 037 2418 019 2892 026 3482 0.27

Fall 2919 038 3004 021 3540 030 3704 025

T
Jz
HI
fols
il
4o

g 9 EAF(A0T40, SUMO6)
AANAE 2F AEF AOT40, SUM063 2ol 43 dAFE o4 4
AR Yehl= Axse] 7P 443 oF AxE ¥ glod, kA A%

womt A4e g F

fr
fo 4
N
Jm
o,
tlo
=5
e
p‘L
N
=2
rir
ot
i)
N
o
O
it
i
ql
£

W= (Table 8)¢F 22 71E9 EAUMI A A&A7I= Zeo] urdA st
(Musselman 5, 1994).

Table 130+ A9EHE AEdH & AF#s At depillth o714
AOT407 SUMO06 wixd 4olA 9€9 Afoje vt AJZEQI 09A]F-H 154 71A] 9]

t}
Table 1394 H o] Z=AAHQ] o=y T3S B 352 &F A
kol olmEo] mHEte] 2~4u) AL =
percentile 557} o]E%Eo] HlE 10~20 ppb AE =& A #H#Ho] Z&S &

P
T 3l

AgAjel waelsh AoteFelAsl A¢ge wabelolA 20039 A9l
W OEEE AFUAS FATE G 5 9

AFA G SUM06 A2 =AI X Ao AE 0.31~12 ppm « hr HY o)z, A
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=

LA 2 59~144 ppm - hr Heldd], et A&A A ruwE 0.05~7.1
ppm - hr o H]& A =& FF & g AquHEA A, 1999). 283 T Y
27y 99 FEAYG gk SUM06 AF#ke] 15~25 ppm - hr & Hi% n}
= (Vincent Cheung®t Wang, 2001), A9 Z@LX]Hl uikElel Hole &

A e oo wEA e £EYS & 5 Ark

jales
o

A FA G 4DH5E 9L7tA] 2 E9] AAA 7o) ArE AOT40 A F7<
B A Ao AE 1.64~859 ppm - hr ¢ WYoli HAA oA 530~
11.09 ppm - hre] H9E Holx Ut} o= =AS A3 HA&A G 10~20

ppm - hr, A7|A9& 5~15 ppm * hr 53 vugd o 23 <& FFL& oy
Aow Fody. DAY dE Oki dolA Eayd 10~30 ppm * hroll H] sk
32 FEYS & Atk (Pakpong 5, 2002).

OlE 2FE AFE EF uFL FHXNEA AFHIDE uFkE 2FE9 3
o

Table 159 A7 2&% % B X E percentile® 43 A3E BW FHZ 44
7Fe] 95 percentile %7} AFAlAA 57 ppbE ¥XA &=d HF FEFAAE
64 ppbE WAL Ak 2l HLAAGNAE 65 ppbE HolAML Utk 99
percentile®] YAME Z=A XA A FAI= 60pphE H o FFFAA=
75 ppbE EA ZIsta Aok 2Eal ALAA G gkl Hope el A= 70
ppbE Z2HdtE Aoz vehva 9tk

ol HW AFA G A A daE = F 9l

= E HETE A
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Table 13. Various ozone indices, yearly average, and percentiles in Jeju area

. Percentile

Site  Year Indices(ppm - hr) Max. ave. concentration(ppb)
AOT40  sumos  (PPP) (bl g 99
2000 3.07 1.57 71 31.2 55 62
2001 443 2.59 76 35.43 57 66
tdo 2002 1.64 0.31 64 30.09 49 56
2003 4.57 2.60 70 34.24 57 65
2000 11.09 14.41 87 46.26 69 78
Go 2001 5.30 591 30 40.02 65 71
san 2002 9.86 12.74 92 43.70 71 8
2003 0.32 0.00 51 26.49 43 47
Dong 2002 5.40 6.73 92 33.30 64 75
hong 2003 3.59 11.79 92 37.95 70 34
Chuna 2003 5.87 6.96 97 36.00 68 84

4.2.3 7174022 T A

Table 145 ZF Aol thsir] 2dE4 Fxol 7|AQARY] AAAAS &
A A3E el AFAFoNA 7 R 2 EAA G 9 A o] mF
NA LAEAEN HBAS B 13 odZ2A FHA BHol g SO,

NO,, COE ztol= o) FadEs Holal glov 23 9= 09 o5 14
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o
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52
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EEES 29 0s5h NO Atolol At Bu4e molut 13 0 4B AE %l

o] 9l= SOz, NO;, COE Atololl X = Aaidol 7o wolx Furh. L&
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Table 14. Correlation coefficient between concentration of pollutant and

meteorological parameter
Site O3 SO, NO: CO Temp. W.S Hum. Rad.
Ido 03 1

SO, 0.038 1

NO; 0.066 0.529 1

CO 0172 0245 0.305 1

Temp. 0.094 -0.337 -0.141 0.020 1

W.S 0037 0164 -0.019 -0.010 -0.292 1

Hum. -0217 -0446 -0.363 -0.084 0359 -0.321 1

Rad. 0323 -0.031 0081 0012 0453 -0.151 -0.256 1
Dong Os 1
hong SO, 0.031 1

NO; 0.240 0.033 1

Cco 0173 0170, 0.072 1

Temp. -0.074 0.044 -0.179 -0.265 1

W.Ss -0.012 0171 0211 0255 -0.128 1

Hum. -0459 -0.238 -0.321 -0.172 0443 -0.279 1
Gosan O3 1

SO, 0.146 1

NO:; 0174 0.343 1

CO 0310 0332 0261 1

Temp. 0.278 -0.219 0.127 0.223 1

W.S 0.064 0.039 -0.252 -0.053 -0.160 1

Hum. -0.117 -0288 0.039 0.119 0471 -0.230 1

Rad. 0398 -0.022 0.030 019 0471 -0.148 -0.088 1
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