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Abstract

Ozone, sulfur dioxide, and nitrogen oxides were measured at Kosan, Cheju Island, Korea during the period of
March 11~ April 19, 1994. During the measurement period, the average SO, and NOx concentrations were
about 0.97 ppb and 3.5 ppb, respectively. Average NO concentration was below the detection limit and thus the
effect of NO during the period was negligible. The concentrations of SO, and NOx were lower than those at
other urban area in Korea but higher than other remote areas in the world. Average O, concentration for the
period was about 55 ppb, slightly higher than or comparable to those at remote marine areas in the world.
Detailed analyses of trend of gaseous species concentrations show that the effects of local NO emission sources
for NOx concentration were significant during the period, while those of local SO; emission sources were not
high. Backward trajectory analysis results show that when SO, or O; concentration was higher than the average
concentrations, the air parcels were transported from China.
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m° (0.27 ppb)E 2089 13E2 Rl X, NOx9
=g ok 320 nmole/m* (7.8 ppb)elA 44 nmole/
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t}, O; 5+ U.V. photometric method (TECO
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A&FA = 0.5 ppbojth. Al 7171 BF BA (2 point
calibration) & 4717k F 1594} § W o]y 4A
343, 233 ¥ 7|24 (strip chart)$ AFE
o o)Fo2 dYsidr. 2AE ¥HF7le TECO M
-111 zero air generator® =Y, EAZ/NA= 74
ZEEE IYE7 Bole BEENAE AL
TECO M-146 calibratorZ 01%8}04 BAA FES
fEE 2t FAANEE NO, #= HNO;,
PAN (Peroxy Acetyl N1trate) =9 thE Azt
B dBy NOz 4497 Wid NOyE HEA
(dHAE 5, 1994), NOxZ H71371% &tA) 4 (Has-
tie et al., 1988), o°] TEME $2] et &
4E wel NOxZ E7)8duh. medA o] =folA
NO,Z ¥719 ¥5+= NOx 5594 NO 558 #
2o NO, 99 o2 d4usEs TFS ghelo},
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23 717458 g4 $571 0.14 ppbE 71719] HE ¢4
2l 0.5 ppb °l&lZ Ueldy, #HEIA ojitez e
G el dF2HE F59 333ko] 0.78 ppb (44
164)2 w4 7] fio] NO9 sxv A% sadd4
L 00z A + S ALold NOx =& B+
3.5 ppbE NOY ¥x7} ¥7] W& NO, s=9 3
Uy &2 gtk o) BEE ML 19939 9%Hd T
= 32 ppb (874, 1993) F9 ti=A A9 ¥k
Hla] & @ glojnt, SO.9 FRE P Hd F
w9] H3gko] 10 ppbRT} ¥, 3F A Fx9 I
Fzke 3.5 ppbul, °] 717 B+ §=7F 0.97 ppbE
Agel 19933 AW 23 ppb (B4, 1993)Hr}t I
A ge ke el o ole 2 7|7kEet g2
23 40M 233 Uk SO 9 NOy Fx7F A&
Ao 2z vedd Aoe guldd, dH O, F
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H71edEd 54 93
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Table 1. Summary of gaseous air pollutant measur-
ement.*

Standard

Mean L
deviation

Species Range

SO, 0.97 1.26 0.13~3.51
Os 55.1 11.0 32.9~75.30
NO 0.14 0.48 0 ~ 0.78
NOx 3.50 3.7 0.94~9.08

* Unit : ppb,
values

concentrations are daily average
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Fig. 1. Trend of gaseous air pollutant concentrations
measured at Kosan in Spring 1994.
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ppbA . o7 Os FEE AA o8 39 HYAA
of AgHel 29 20~ 80ppb (Fynlason~Pitts and
Pitts, 1986) ¥i= 20~60 ppb (Seinfeld, 1986)%}
Hl=g AU £ groltl, dutzloz AR A O, &
9 50~80 ppb B HAZAE Jepdty @
HA o (Seinfeld, 1986), o] ol =37 3}le}
A stz Weloth, ol€A HA AU NdY 0; FE
7b B HRAE Jehles #34e duizoz Eo)
59 30~35° oA AEZF (et stream)] &ko] 7}
 AM 4% (stratosphere) 8] O; SE7} & 27
7t % (troposphere) &2 E35]7] wfoz udn
Z 0t} (Thompson, 1994). Sunwoo et al. (1994)
2 dE AAG MY O, 9HF FErt 3, 49 2
z} oF 50, 60 ppba}a Witk T3 19879 3~449
A A o] MukEAal 2e 30~35°9 0, FEI}
o 55 ppb&t (Thompson, 1994),
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3.2 X Y A
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02 shte NOE F2 #Eshe wadold. =
Agoly FRHT FAL 7184 Agsts Wy
oz det EY Fol FuEdoly, IAE Ius
ZIHARE Algsle vEdor ur) 543 Fo
F dlEdeitt. webd dubdow 2R W] o
o] <} ol NOS SO.¢ 557} o} 7ho] w7,
508 FEw ¥AT NOY Fw7t B4 UL o),
et AFESG T2 wlE 90F ¥Rt B AN
T FAH 22 NO7t ¥EHuzts 0,319 whgo) o)
2 Azbel NOx22 upie] NO9 557 A% v
e 5 O;9l 2/3 NO2 ZAukgo] wag
7 %t} (Finlayson-Pitts and Pitts, 1986). wat
A AFzolMe 13} 92 e YFdRE NO
S S0, TReRes & £ Q1N 2¥ 1M o)
0.3} NOx, NO, SO.4 ¥52 37 24siadopn o
+ ek,

19 2 BRI o) $23

e HE FEE BRI g
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o

ot
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AR . 1

0.3 NOx 9l A 717
19 2a)v B AEY
ool AR wslel AgAQ @ ASE ¥Ry 9
o &L 717Fd NOxY %7 5438 7812 %
Aol Oy 571 F238 gashe 4L 2A0A W
29 NO7F 0.9 wre-sl9 NOx&E wWslels 7oz,
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e
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FUF -

u}
=
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712 1A FEE 53T 9, %S IR0 0,9 =
=7F 40~80 ppb AEZ 3, W77} NO w)2¢
FEE HlaE i 22900 (Pleim and Ching,
1993; Sexton and Westberg, 1979). o|&}3h &4}
o 54 2 A&7zbe] B, AXW ulahgko) =
2 &4 X (BEFo FEAY) o o wAsgy,
EE Azl FAA YegE, ol# dApe) Uelhd o)
S0:.8 FEE o} F7ekAl k7] wjFo), o)z mat
Z2d 248 NO W29 (F2 o|5Wjegor 22
el g% Aee Adaiygo.

Y 2b)e E A7 Boke AR Yol WES
2t NOx 9 Fx7} Z7hsta Al Oy B57F A
AT 27 2a)olXe} o] FAs WEsiA] o)
o)2 ¢ W3l AA] AXAY vlahtgio] 2 gx B (B
T FEAG) o o ey, Q7 A7
AxAA vepE, old dabe] Uehd o) S0.9 FrE
% F7hle 495 dou, yREe A9 o] 27}
317 97l WEeh, ole AFTU g2 3 2z )
FA% T, AMATA TolM LAE ) EA)
TEE 2 AL 2A| o)Fe) o3 Hoz AW
i A=

2% 2¢)= NOx& 0,8 57} 7o) Zrteis
o g ooic}, o] w UtHoF SO,8 FEL 7ol
¥k, of a2gdle JeuA ggAw, NO 5%
Zol Z7bstAY, F2 Yo Uehds) g, olx o
dE 3717t B Zd 0, BRE Z7HA)7
Ao st ueby, od A9
BdAEolFel og Hog Agkaigny,

AEHOR NOxY 55% FAHA dgky #
T AT™E o] W on, 2 ¥ Qg B
4371 FET, melM o] EREojAE NOx9
ZAATNNN FA YUY YFE Rl 2n
2 AMS-S T

SO0 F=7h vl A vehd goli= 1 A& )
Pol @ OAZE ooz AR golA HEE Oy 9%
NOY HA@Zo] VeuA] o= 73971 B7) g2 o
A8 AT AFTe FA wEdd o o] gl
AR #IEgt, a3y gelN HEIhR NOx,
SO; 571 2o] F7481a, O 57} asts 4o
FA F el T SO, WEo] g ALo|Aur, Lo
NOx¢l 229 whabbxg o 93¢ 238 Ao
w2 AR i, 24 A3E agE ALsd.
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b) O, concentration decreased with increasing NOx concentration, time scale was about 3 hours, SO,
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Fig. 2. The different relationships between O, and NOx concentrations.
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3.3 g Foetel dim

IA 24 E UM F (1992)F WAHER B
(1994)°] 714 2E=AY TEE 1992 ZA5A
. 394 5 (1992)9 33 Az 1992 29 HA
SO, ¥%7} 1.4 ppb, O; ¥%7} 44.5 ppb& SO: ¥
T7b ol Az Hu o7t 22 Qo2 vehgd
BRAE 5 (1994)0) 19923 3~49d 238 A4
SUERY $EE o =9 A A P A
oz vhehytd. e 19929 295 E 129 S99 2
A ¥59 HF SO,7t 1.42 ppb, NOy7} 4.91
ppb NO7} 0.31 ppb, 03¢ 47.99 ppbZE O;2 A%
e A 5 (1992)9 Aste o op &4 A
Ho *;z:z FEE YEded o)s 0,9 A$de 2 (3
~58)°] AYd H& AHe|T GE 2PEAY FEI}
A& (10~12€9) 0 7] W Fojcl,

o] 24 A= ML) 19939 S0,9 3~4Y gHF
F%9 22~33 ppb, NO, €93+# X9 32 ppb (&
A, 1994)ETh AN e Aojr}, ol o] AY9] 1
2 gEA WEFo] R AL zoted 49Y £
Ao ey 2E 71, 22 AidAM 24T A
T84 o9 FLIt Mg 2

SE 5, 1996)¢ 58, AFE 4Rld fYsHE o
Ned BAL ¥R 23 o9BAe HHz fgRd
£ 2e sug,

9= g A AGM Y &4 AFHE o A
Hxstd £ 29 4%t 4 SO, 3 Ax%E v
BE JRs FXe Oki Islandel4] 1991d 1093
199249 119 38 SO, s5+= 2 0.2 ppb LR
(Hatakeyama, 1993, 1994), Bermudaol* 1985

~4¥9 23 A7} (Hastie et al., 1988)%
Hlshe, o] ¥ Ade EF oWl £ ARy v
goltk, ¥, vlx FFAW (rural area)d Lewis
o] SO, %= 5.1 ppbE °JH 24 AR} Fo},

Table 2. Comparison with other measurements.

. ‘ . ) Lewis,
Species |This work Oki Island Bermuda U.S.A.

SO, 0.97 0.15~0.22 0.27 5.1
NO 0.14 . - 0.24 1.94
NOx 3.5 - 1.07 7.78
0; 55.1 - 61.7 46.4
Hatakeyama Hastie et al.(1988),
(1993,1994) Feb.~Apr., 1985
Comments

Oct. 1991 NO, NOx are aircraft
Nov. 1992 measurements

H2 ) AR A12A Al E

o] A A AdR}E= SO, FrHAN 24
ol &0 AzEbe ARTE ¥ 5 A
A% NOx = wpizixjojt), &4, Oy 5%
< Lewis?} Bermudad] Hlz) &
o9 Bermudadlde EEE o
=},

A el orie

rE rlo

3.4 J|XN 2HEA FHHAHE0lS

E 3o 71 29543 v8flY (non sea salt,
nss) o}& F=E TS YA o] F Alolg] A
FAAE Jetdh, 0:8 nss K* (0.794), nss SO&
(0.703) 283 nss Ca®* (0.610), NH,* (0.545)%}

2 AAFAE Jelnh o) /g 24 nss
Kte d9949 29 Add9 ¢4 (B 9

g tigho] W X, AHA gdko] APHQ g
B}t O w54 v g ¢ & rHeAe] o (A
£X 5, 1996). chA} @, 2F 717k O, L7}
Z7tske A 993 g9l 23 nss SO, NH,*,

93 n
nss K*9 B5% ZHo] Z7l8909, ol 0,2 0124
A eHEA olFa WHE FA) L HYF
RAolt}, wl O, FZ7t F7lstE Yelol **—5:‘\_01]*1—4
00 53 3719 gRdeze] #Ydo)ztd (Thomp-
son, 1994), Oz 93 Ashikg, e Fashibgs
Fas 9980 FHddA wlEE NH, Y nss K*
o FE7F Zol FvketAl 4L Aotk WM, O F
E7b A A E 2HEREY T 7o) wigsl
RE 2 74y e ol eFEEA AA olF
ot Fatelurgo] sl dAF9 SO, NOy ¢
o] A Aoz E°1E} Iy o8 HFPHeZ ¢
gutst 2343, 42 9 HNOY PAN %9 ¥
SRR 71 dFel o|& Ay s Bk
& 477t st
O; =% AA olsdl g o] o= HEUA
AEsA Adtsle Re oo 2HagoRE YE
A e Zlqeg Adstr) 98 AR 5 (1996)
o] Aj8% WH-g ol&3lAtt. &, O; 59 nss SO
X9 A% (scattergram)E 13 33 7o) 28
2, nss SO s FAE olFd o3 Aoy s
9, nss SOY Fx7F 0¥ W O, 5=& 734,
oF 45.5 ppbolth, BE, o] AiE Be oxE WYX
S YA, AA 0.9 &F 10% A=st A o)F #
;‘4—4 Falabgo) osf A Zog 143z A
T g gtk £ Bo A8d gg A7) A s of
oF thE9 = FalStolA LAto| A2} FAlo) thr] e

o rif

8 Mool
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Table 3. Correlation coefficients among non sea salt ions and gaseous air pollutant concentrations.

NO NO. NOx O, SO. nssCa® nssK* nssMg* nssCl- nssSO NO,-  NH,*
NO 1 0.707 0.745 -0.337 0.284 -0.256 -0.181 -0.178 -0.046 -0.040 -0.215 -0.051
NO. 1 0.998 -0.054 0.439 -0.188 0.074 -0.234 -0,014 0,320 -0.209 0.175
NOx 1 -0.078 0.436 -0.198 -0.055 -0.235 -0.010 0.305 -0.214 0.162
O, 1 0.365 0.610 0.794 0.383 -0.058 0.703 0.256 0,545
SO, 1 0.346 0,571 0.207 -0.126 0.661 0.212 0.352
nss Ca’t 1 0,790 0.721 0,021 0.472 0.218 0,237
nss K+ 1 0.533 -0.126 0.873 0.230 0,608
nss Mg* 1 -0,072 0.283 -0.027 0,045
nss Cl- 1 -0.230 -0.533 -0,374
nss SO& 1 0.186 0,794
NOs~ 1 0. 456

NH,* 1

100
901
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501 ¥ 1705X + 4524
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30

v T T v — M
2 w0 20

Fig. 3. Scattergram between O, and nss SO,*.

239 ¥EE 2, ol& uEez Fsehugs
3T 329 RdE o[ &3 BAE dtdol § Ao,

&3¥ SO,= nss SO, (0.661), nss K* (0.571)
I 2 ABRAAE ey, NOxe HiEld 4=
ol Fxy UE J|AY 29E4Y wxo & Aad
AE JehdA godtd, ole QAME HEIFARO
NOx 9 ZA$dle 22 2999 o] A Rty
SO.9 Afolm FAY olFo] F2 J&E FAWY, 2
g 2b)9 Aol SO, F=7t o] Frlste d= it
gomz 2z egYd Y3 vE Yo o= Ax
7] WEeE gAY,

o] =£¢ HH (PLE 5, 1996) U= o] 7]
7+ 59 24 =¥d F7] & 850 hPa9 E¢hdos
HEHe 7159 9A3EY (backward trajectory
analysis) Z#s} Fropro} Ade I (PLR
2, 1996, 1Y 4)& olgsd, 7Ad edEHY F

A olF AZE HAEIAY. 29 14 Yeht ARl
0.9 =7 o] 717k H79l 55.1 ppbE ¥x ¢& A
A 399 F 20¥0ied, 1 F FF EHE B¢
7t 129, 2 988 4% AU 7Y, dhix
& 3% 397t sHFolQith
of i FF FHA LAIAY FHAdedr FF

Rg BAgod, F3 ‘# 2 5% Aoz A3
‘4. 3 74 E°l’5L g zAL FF BRE 9% 12
d £ 349 Fo| 9Y0I, FF HEE FHE A%

79 7 6%0] 49 Fol3Ath. SO.9 FE7H0l 717 H
@<l 0.89 ppbE Yt 2o AA 39¢ F 14¥Uo3e
W, a%F %%L BRE 29 A9 74 (EF 39),
% $EE B39 AL 794 (BF 4¥9)o)d o
= 7V A7t ?Ml P FEE g2 42 134z, o 7|7
% 1194 nss SO~ 9 TEE ] 7|17 HF =8
o} E9ted, ole F 7|A7 dAte Po] FHLZEH
A olFddS g orlgit)
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