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ABSTRACT

The concentrations of gaseous pollutants and PMjy fine particles had
been measured in a real-time basis at Gosan site of Jeju Island, one of the
background areas in Korea, from 2005 to 2007.

The concentrations of SO, NO,, O3, CO, and PMjy fine particles were
respectively 2.13 ppb, 3.87 ppb, 387 ppb, 054 ppm, and 42.5 ug/rn3 for the
study period. Seasonally, the concentrations of SO, and NO; were highest in
winter, but those of Oz CO, PMjy were highest in spring. And all of the
components showed the lowest concentrations in summer.

The concentration ratios of mist over non-mist events of SO; NO O,
CO and PMjy were 1.2, 1.2, 1.1, 1.1, and 1.5, respectively. It showed that the
concentrations of fine particles were more affected during the mist event
periods compared to those of gaseous pollutants.

The correlation with meteorological factors and the multiple regression
analysis have resulted that SO», NO2 and O3 have the negative correlations
with the relative humidity and temperature, indicating that those
concentrations decrease in summer but increase in winter and spring. The
PMjo fine particles have the negative correlation with the humidity but the
positive  correlation with the temperature, indicating that those
concentrations are assumed to increase in dry spring season.

The concentration variations by wind direction resulted that those of SO,
CO, and PMjy increased in northwest wind, but no significant differences in
those of O3 and NO; by wind direction.

The backward trajectory analysis showed that the concentrations of SOz, NOs,
O3, CO, and PMjy increased when the air parcel moved from the northern

regions of China continent, but relatively decreased when it flowed from the

= viii =
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northern Pacific region. And it was investigated that the atmosphere in Gosan

area had been highly influenced from China.
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2) 4717
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o} 7F(S0,) SAHE #4717 w5 Thermo Environment Instruments
Inc.2] SO, Analyzer (Model 43C-TL)Z Pulse Ultra Violate Fluorescence Method

2 Z43dd. =4 dolHe (F)HEHFe Data Acquisition System (Model

(2) NO/NO2/NOx Analyzer

A 22HE(NO-NO,-NOx) =48 #47]7]+= "5 Thermo Environment
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Table 1. Specifications of SO, NO/NO2/NOx, Os, CO and PM;¢ analyzer.

Detection

Components Analyzer Ranges it Linearity Theory
Thermo Model 43C ~1000 0.10 ppb
SO» Pulsed Fluorescence (o) (60 sec £ 1%  Absorption 190~320nm
SOg Analyzer bp avg tlme)
Thermo Model 42C 50 ppt NO+O-NO+O
+(3— o+
NO-NO:z  Chemiluminescence ~500 0 . ’ U
NO NO-NO»-NOx (bob) (120 sec  + 1% NOy—NOs+hv(>600nm)
* Anal{zzer bp avg time) 3NO2+MO—3NO+MoOs
Thermo Model 49C
Pulse Ultra Violate ~ ~2000 )
O3 1.0 ppb + 1% Absorption 254nm
Fluorescence (ppb)
Method O3 Analyzer
CO Thermo Model 48C ~100 0.2 ppm £ 1% Absorption 4.6um
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Figure 2. Monthly variation of SO, concentration at Gosan site (The square
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Figure 4. Hourly variation of SO: concentration at Gosan site during the
study (The square represents mean values, and the bar

represents standard deviations).
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Figure 5. Comparison of SOs concentration between Gosan site and other
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AEI, dxTAgGolA AHEE NOxw= Ui ol=gA AT (P4 F,
2000). NOEt= NOo7F MAlel ¥ 2 Jsis F+= Aoz oA v, aEk
NOoll ==9H, =, 3 59 FATolA v 7|axd, H 4 T
ow2Z/HA WY F ow, AEdAE AEE FHste] Qo ZAoly FzhA 9
2 AR v (718 A B, 2008).

7] 9 NOxE % AAHHNO3) oY PAN (peroxyacyl nitrate)¥ #2-2 3 Ej
2 AstE & A S 54 ZFH 9a AA"Y. "AAlew AbstE Ag, AR
H), AF7FstEe] ¥do] Tk E NOxw= 7] FolA Fgutes doA &8s

i, oeFst gkt sy ghsetW PAN 3 22 AFshAl(oxidants) &
AAseE (g9 5 2009; Yang et al., 1999).

AT A 20059 197H 2007 12€974A] 3 3E Al aLAbel Al A g NO;,
A FEE Figure 69 EA|3tA . AT 717Fe] NO; HsXx% 3.87 ppbol %l
3,78 = FEE 1249 ppb(20064 19 189, 713

9119 8 Mmd 2 AE nel Ao 2AHUL adn 48 NO, BE

s

uN
ox
il
rlr
L
|o

rlo
off’
ki
rlr
o
N}
—
g

S
N}
(@)
o
[@))

i 1€l 450 ppb= HsEE Holal, o] & Hidts AFS Holtrt vl 54
o] 423 ppbE FE7} F7 et AEFES H A (Figure 7). 2138 ¥

3.09 ppb~4.50 pphE TE 7t2Y dEAL HlE APz Z HAE HolA
gkttt 3t Figure 894 H %ol AAE Fx= A=(3.90 ppb) > #(3.90 ppb) >
7}F&(3.62 ppb) > 9I&(358 pph) o2 w2 FLEE YENAT. 283 3RS

< Z=AA I HmE A ool Wi AgHEe Fsets Fde Eola AR
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2

o
EF AAEZA oA 3d3E S NOo| sk 22 7|3t Sl =AIA S
A 2R AP FEE Bae Y, 1 A3ES Figure 109] YeERQATE o] 7] 7F
o NO; &%+ A&(35.06 ppb) > <1x1(27.93 ppb) > ®(2351 ppb) > B+
(22.89 ppb) > F4H22.82 ppb) > ™ (19.46 ppb) > #FA1(13.29 ppb) > A7 3EA|
(824 ppb) > 3AH3.89 ppb)e A Fow ME&AHe] 7MY w2 FEE YEHY
Aot 2l AFA A 92 13.29 ppb, A HAE X 92 824 ppb, 142 3.89 ppb=
SO0l Hla & s HAE B 2ga Hias=E ekl A&l B8] ok 9
v, AlFA BT of 3ul, MAZET= oF 28] ol 2 FEE HAAU ol F
A= Kol NOz s5v SO0k G A3t ydko met =7t & AolE B

o= Ao FRHh

rr
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Figure 6. Daily variation of NO2 concentration at Gosan site during

2005-2007.
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Figure 7. Monthly wvariation of NOs concentration at Gosan site (The
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Figure 8. Seasonal comparison of NO: concentration at Gosan site during

the study.
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Figure 9. Hourly variation of NO: concentration at Gosan site during the
study (The square represents mean values, and the bar

represents standard deviations).
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AT+ 7IZbel 3l SA4 % o F9 AW w2 E Figure 119 =A]e 1§

o] Ay} o] =AY F 039 HirsEE 387 ppbola, = trE WA E

Al YA melM 2007l FA43 Hitsi= 40 ppbet Ao HI=F FEoIt

(718 A4AK, 2008).. 183 HiwsEE 825 ppb (20079 5¥9 79), AA L=
77 ppb (2005 9€¥ 19)E YgUL & AAH o2 E A For B JpSo|

109 4698 ppb=E S 7Fete AEFS YER At (Figure 12 =), 283 A4
=+ Figure 139 X<l w}e} o] E(47.8 ppb) > 7F2(415 pph) > A &(34.2
ppb) > o&F(Bl3ppb) T2 EL FEE UHUATH Ao = XY F
S, A54d 03 T Assts AE&S Btk 18y Pochanart 59 4% A3}

g g, ofrotl A WAXGY oF Fust BAHoR BHe] Y Em BHel

off

Hlg] oEdo thah ¥ w55 Hol:= Zo® yYelhar vt (Pochanart et al.,
2003; Nagao et al., 1999). o]AH FH =2 TEE Hols AL 7|79 W<}
Z3het wEgol 7|l AL=E HAT ASHde 038 #3EAH FHol U=
2008 A== "y A Z ALdE 7|2o] w7l "o 039 dAF=EL]
NOx, VOC 5ol &5HAu7t w48 7|20] st g HAE o] A A1wA

o|5o] BAlel WEHo} 0; Aol ZA Jelsy] WEe] o= FES FrhsE 2

of ettt AlHE TR 2% 17A]dd 426 ppbE 7HE =i, 2 94]9
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S Holi Qlth ol# s WS Silman 5 LFdA AFE 030] NO 59 13
A=A e A oA e vtk HE FHE A WEE §F9E 9 YE
FA3sta At} (Silman et al., 1993).

g9 Figure 150 aAAYFe] O3 55 =W =AAH93 Bluste] o1 A3E
e AT A, O3 §EE LAHE88 ppb) > AIFAI(334 ppb) > A FEAI(3LO
ppb) > FARA(23.6 ppb) > FFA(22.1 ppb) > S1HAI(21.5 ppb) > WTAI(20.5
ppb) > WA A(188 ppb) > A&A1(1743 pph)e] o2 =A UElWTh o U9
SOz, NOz, CO Fxohe uke AZ 039 A, Al Gl A &o] 7Hg ot
A 238l aAbe]l T &S vEE Holn vk 2 ¢ tiEAl T3 °F 20 ppbo
S sz gl HAok v AlFA] 292 335 ppb, Al EA A 92 31.0 ppb

o H3l =2 F=5 YetAT. =773
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Figure 12. Monthly variation of Os; concentration at Gosan site (The
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Figure 15. Comparison of Os concentration between Gosan site and other

cities.
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7}, (057 ppm) > AE(056 ppm) > 72054 ppm) > < E(051ppm) o2 =
< TEE YA (Figure 18).

olglgh AW AMHY LWt gA tE AEE v 2 HAAE HolA= &
ARk, A8 Aol = OHoRel RESel o3k d3Fe] ¢ gddo= FAHst Avk
(Holloway and Kadibhatla, 2000; Narita et al., 1999). o] & FH A< Hol:= o
fre A5 Hd OH @dZe s%7F i, ® HAFYe2TH 74723 7|de #<)
7] wio mistyrt st e Aog Bausti vt (Novelli et al., 1992).

Hele HHEo2RE olFste L9EHY JdFer FEIF Hdi

-

o

dzF COY sLEWstE Hlwslr] fJste] AF7|3te] SA4HE CO v&5 Al
Ha2 BRole Hdd S Figure 199 UERAT dubd oz T A X Ao A =

=

[e)

AbEake b g e dAxol 9] CO F=7F 29 HIAZ oF - 2% F
W F71Her geste Aoz AT Stk 2y A A e AE &
A 8ol 058 ppmo 2 =L FEE Hola A A3 743 14419 050 ppmo 2

(o
EAAAGY] Agd w2 vustga, 2 43E Figure 209 YERAS. 1™
oA Hel mnel o] CO FEE AHW0O77 ppm) > HA0.73 ppm) > FF(0.72
ppm) > H(0.68 ppm) > AL(0.61 ppm) > ILAH0.55 ppm) > F2H0.45 ppm) >
A E0.40 ppm) > AFA0.34 ppm) £O &2, AHAAHo] 71 =1, AFA A Y
o] 7} ve FEE YT 18la AFA 9 CO vEF HWH, AFA A9
°] 0.34 ppm, MFZAI7} 0.40 ppm&! W] 34F A& 055 ppmO & A F A, A

Ao HlE] aAke] ¥ EL FEE HO

9

Atk COZF M%) AlFAl7ke] AaL

4

AFE7t AAA oz HAZA IS 7Hutkst
Aoz melty Ty widA Sl gkl

Ao 24779 A% AAse Ao

rr

71A3e 7hedel = Ao FAEY
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Figure 16. Daily variation of CO concentration at Gosan site during

2005-2007.
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Figure 17. Monthly variation of CO concentration at Gosan site (The

square represents mean values, and the bar represents standard

deviations).
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Figure 20. Comparison of CO concentration between Gosan site and other

cities.

_30_

jeju



5) PMyy "] Al A] €]
s AF, ARA

=9

to

AV =

=
=

A5 )

md ) o E2F 3.4x103~1.4x104 Tg

2 7AaEe A AT At

=

—

R

2

-

T

—
fite)

rvze)

N

el

o

el

-
1

27

=4 =

Gl

s

]

NI~

I

—
fite)

el

oF 44%, U™ A 56%+= 7t

e, ool 2= JAe 7], B, A et

ol 90% ool At

=

dAH=
Z%F(extinction, 2

2l

N

o}
A

X

_ZTI
)
I

B
i)

g

o EE Y d7AE ol

Aol uteh A FrEH oz ofg Bip

o &4

)=

R

o

Ll

_ZTI

K
7o

wjr
_foal
o

)

=3

i

o
by

A5} A, A

3=
=

of o] 2

T

O]
yul

2008). PM;q H| A H %] =

]

-
R

[e]

Foh. PMio>

O =]

= a1 O

SaL At (o] @], QA
)

2 gH(WMO/GAW, 2003). ©] 2]
= 7] wel et

to

B

_31_

Collection @ jeju



dede B8 AT HBAFAdE dFe vA Ao (Lighty et al, 2000;
Seinfeld and Pandis, 1998; Preining, 1991).
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Figure 21. Daily wvariation of PM;jy concentration at Gosan site during

2005-2007.
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(Finlayson and Pitts, 1986; Stoker and Seager, 1976). 18] 7]<o]4}
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S 4L BT (AFY 5, 2004). T 3AH G A

= 2% NOx, NMHC$F #2 o& A=

=

wpRg wjupR A

Lo

X,

Table 2. Concentrations and their ratios of gaseous pollutants and PMj fine

particles during mist and non-mist event periods.

) Mist Non-Mist ) )
Species Mist/Non-Mist
(MeanzSD) (Mean+SD)
SOs (ppb) 2.48%2.76 2.03+£1.99 1.24
NO- (ppb) 4.24+2.16 2.03£2.07 1.16
O3 (pph) 40.3+14.1 38.1+11.7 1.08
CO (ppm) 0.59+0.21 3.73+0.18 1.10
PMo (llg/mg) 56.9+£35.2 38.0t 35.7 1.50
12 6
— 1 Mist event
'.é Non-Mist event °
~ —8— Mist/Non—-Mist ratio o
c B8 14 5
E s
= c
o o
8 =z
S 4 {2 —~
o »
o =
D
0 0

Overall Spring

Sunmrer Fall

Winter

Figure 26. Seasonal comparison of SO: concentration between mist

and non-mist events.
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Figure 29. Seasonal comparison of PM;jy concentration between mist
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and non-mist events.
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Figure 30. Seasonal comparison of O3 concentration between mist and
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Table 3. Population correlation coefficients between air pollutants and

meteorological factors at Gosan site.

Species  SO2 NO; O3 CO PMig WV RH Temp

SO 1.00
NO- 0.37 1.00
O3 0.23 0.06 1.00
CO 0.34 0.29 0.21 1.00
PMig 0.31 0.16 0.32 0.22 1.00
WV 0.12 -0.35 -0.03 0.08 0.03 1.00
RH -0.42 -0.08 -0.29 -0.07 -0.14 -0.30 1.00

Temp -0.36 -0.05 -0.18 -0.16 -0.07 -0.56 0.61 1.00

WV=Wind Velocity, RH=Relative Humidity, Temp=Temperature

Table 4. Results of multiple regression analysis for air pollutants and

meteorological factors at Gosan site.

No. Multiple Regression Result Dectgengfligigfn
1 SO, = 7.533—0.053WV —0.055RH —0.067Temp R® = 0.199
2 NO2 = 7.937—0.280WV —0.007/RH—0.101Temp R® = 0.221
3 03 = 64.665—0.537TWV —0.259RH —0.231Temp R® = 0.104
4 CO = 0.592—0.001WV +0.001RH—0.005Temp R® = 0.029
5 PM,y = 73.367+0.067WV —0.466RH +0.147Temp R® = 0.021
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Figure 31. Distribution of wind direction frequency at Gosan site

during the study period.

180

Figure 32. Variation of SO concentrations according to wind

direction at Gosan site.
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Figure 32. Variation of CO concentrations according to wind

direction at Gosan site.
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Figure 34. Variation of PM;jy concentrations according to wind

direction at Gosan site.
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Figure 35. Variation of O3 concentrations according to wind

direction at Gosan site.
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Figure 36. Variation of NOy concentrations according to wind

direction at Gosan site.
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Figure 37. 5-Day backward trajectories showing inflow pathways of air

parcels into Jeju in a few cases of high 10% NO, concentrations.
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Sen FRUFe BY A9 vadon pRad
AEZA SO NOs, O3 CO2F PMy "|AIHA] 2+
Aol FE7F =2 A9 10% (110719 vt 2 F=7F 92 k9] 10% (11071 &

AL A F7golat FRUFAN DAY o EFET, VAL N
A9 7% B o Uehdh we] FE7b e 89 1094 A
om QR Bete NAH Byge] MAGL Ehal wlgo] HolN: A%

A
of THUEFS T4 T7I7F B2%el @il AeS AT 5 AATh o)
H2HE SOx= Hy-E SHUHFIAA ol 2 7|75 Bal AFAdoz Fd5
RS & F AAT (Figure 38). Wk SO, 57t W2 k9 10%A4 = VAY
31.8%, MASY 291%, OAY 164%,1 A9 145%, VA 82%=
AE RIS Ko AUHom LHE e MAdgd dEd e Nd9s
T3 ol Fd 2 T7IEolYrt Bo] fFdHEANSES FUAT F AU

NOxv= 1F5E9 A9 10%9A4 VAY 645%, NASS> 12.7%, 1 H<9 10.0%,
DAY 64%, MAY 64%= NEGY VAR Tl FollA 77.3%2 3719
7} o]t Th WEHe NO, §%7F @& 319 10%9A= VAS 43.7%, MAY

9 10.0%, VA9 82%, NHYG 64%= AF o=z Hed g MAY

SERYH F94¥ 7IFe 9T Bo] v A2 Yeth(Figure 39).
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O3 749 10%°1A VA 67.3%, 18 22.7%, MAH 55%, VHH 45%=
SOz, NO2oF 2] Fute] MAH2RE ol&d 7idojge &l =A et
Wk e A wk kel 10%lA = MAS 70.0%, TA<
VHAS 36%, 199 1.8%=2 F2 SHHFMAR) AN &71dole7t oS
7t oA = Ade YEtidd (Figure 40). tH7d9 O3 dwbA o= AFHA

A4 f9HAY B wgow AHuET o F AFACZTEY £ o

gk Eho] AW WA ETH(McLinden et al, 2000). H=3F FstsA A

3 =329 CO, NOx, VOCs T3] wbgoz AT (F4H =, 2008). ©]
A3 Az FFd B9, SHEFAS) A g71Eoert ol des W =t

NOx, VOCs®| s=7F ¥ot7] W& Ae= dAden
Z

o 82%, MY 45%% 7t QLABAT Pk E S3 259 dye VY
3 WAl Fr19oiet ol B R W BEsk A ehgth e BEsb o
& k9] 10%01A41E VA 47.3%, MAS 31.8%, TAH 109%, [ ¥ 10.0%, I
A9 822 PMp 944 ¥E7F w2 wi gudos MAYs 149, 1999

FEol AA = Aer FAHAY (Figure 42).
ES 271809 olF Hde QAEdE] vEE Pl Koku WA, T
>

T uRAgel Vg A9E wu, 49 10% LEEY wel: SO (8829%)

Y AsE a9 10% Y wWel= NO: (43.6%) > CO (40.9%) > PMyo (39.1%) >
SOz (31.8%) > 03 (3.6%) wo=, VHASS IS 459 H&o] 36~436%=

A48 72k,

ro
il

£ FR 4RA9e VE9e FAd F9E mw, 49 10%9 Wl NO
(12.7%) > CO (10%), SO2 (10%) > PMiy (9.1%) > O3 (45%) o=, 45~12.7%
ARk FRIRAGORNE Y8 7R 9L we Ao zAFUL ww
of 3¢ 10%¥ wel= O3 (10.0%) > SO (8.2%), NO2 (8.2%), PMio (8.2%) > CO
(64%) o2 NAGL E93 1 &o] 64~100%0] AT, o7 Az wof F
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Figure 38. 5-Day backward trajectories corresponding to high 10% (upper)

and low 10% (lower) of SO: concentrations.
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Figure 39. Sectional comparison of inflow pathways of air parcels into Jeju
corresponding to high 10% (upper) and low 10% (lower) of SO

concentrations.
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Figure 40. 5-Day backward trajectories corresponding to high 10% (upper)
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Figure 47. Sectional comparison of inflow pathways of air parcels into Jeju
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