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Abstract: The ionic compositions of atmospheric aerosols were investigated and characterized in coastal and
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mountainous sites of Jeju Island, which were Gosan and Mt. Halla-1100 sites respectively. It was found that
the concentrations of nss-SO4*~ (non-sea salt sulfate) and NH," at two measurement sites were almost similar
and they showed high concentrations in June at the same time. The concentration of soil-originated nss-Ca®*
(non-sea salt calcium) was generally associated with that of anthropogenic NO;™ and its concentration was
increased during spring season. From the comparison of time-series variation and regression analysis of ionic
species between two measurement sites, TSP (total suspended particulate) in Gosan site was directly influenced
by sea salt particles and the concentration levels of nss-SO,>~, NH,", nss-Ca*>", K*, and NO;~ were mainly related

with long-range transported air pollutants rather than local pollution sources.

Key words: atmospheric aerosol, TSP (total suspended particulate), ionic composition, Gosan site, Mt. Halla-
1100 site, Jeju Island

% Corresponding author

Phone :

+82-(0)64-754-3545 Fax : +82-(0)64-756-3561

E-mail : changhee@jejunu.ac.kr

_24_



A% dekst kA o t)7] oolg o) o] &

.M B

th7] olofei&e] =2, 3shy 542 2 713
o

o)7) #7300 wet w$ chekelAl ehder g
2 Eolut a5l AF Z1delM AH Fefst
]

= AR Azt e Sl F4a 39
< YeH F2 A7 2510 pme] AR
o] EAZTE Wkl <1917 e A Aol
A B skE mAEAE t7] SR A WE
T oskal ZIA AFEdo] B3 &, 38k we
BEE A AEEH, F2 38t 242 NHY', NOs,
SOF, &R 5o 7 7o) 2.5 um ekl wA|¢d
A geell SAFE AL 99k e mAEA 9
22, 8teh3 54 t7] HAE, Bad t71355t
Whg, A Aol E)al 1A fslE T 2 &
A7) Wl o5 7] A A7t Bol ol F
o X3 S}, o] d wAlHA| o] e A W2 A
ool AA F9F g vehd F 7] wiel 2
FHO 0 SAER olygt FelN FAHE th
7] 2 A=) 54 olslake Aol vl Fasir.
AN Feeke F9E WA
% Ea) Aojo] ST YA FF thFoyy
el 5HE 24 oA gl 9L v
Row zAE Atk 53 e S Aele AA
oA 7Hg whesl Agisht 8 Folm e ol
g7l e gol MEE 7] wEe] A&Asl 24
ol 878, SRoMAol Aols] ol 29 B
o1 @agel e A7 1990dT) 2 E % o]
L3 93, 1991 9¥ e PEM (Pacific Exploratory
Mission)-West A, 19941 29 ol PEM-West B, 2001
34¥€°) ACE (Aerosol Characterization Experiment)-Asia
ol AFE At A HelM s E0 e 20059 3Y
¥ A2k ABC (Atmospheric Brown Cloud) Z 21
ol A 18 Fof] gick>

AFrme T3 d&o F3F ARl A8k 9l
TSNS RRE Y&EO R 100 km, F+2] Abslo]d)
M FRE ‘62} £ 500 km, Efojwlo]o X &5 WU
O 2 1000 km, d22] AN MEYFoR
250 km8 = “éoixi ATH 28] AL Al FEE A A
7k Al gl7] w2l AA e HdEd ] dA o] v
s ZJ%XHS’—EH ke 9ol M f4l, g °]
THE LHEde] S o adHeR s
de 20E 2 Ak

=7} 7+ 97 (trans-boundary)d] th7] S FEZ 9 &

1..

o&i I‘-.>-'4°

AN o

o N,

Vol. 24, No. 1, 2011

Z7g vl 25

o
[0
2
N
)
o

712 ©]%(long-range transport) VS T
AT A7, BAA oje g el F
Az JF54 FHor FEo] ghry. a-A T
AR = 7] 5 AFAI ] vad g3 54 A9
o] A, FZAR FE EAo] WEA W] wiol
;q_x_;(%o I 712l é;go] g9 o]—T}}— 12-15

T U FAA R AFE A PG
72 m)sﬂr TA T SR 1100 242G 1100 m)ol
A 2 F 3 FH-FEZ(TSP, total suspended particulate)
A4 @ero]‘:} AT A TR 3184
4 AFE U2 SV E S84 i &
29 24 AE o] &3t AUtk ey et
1100 222 ¢] 745, A&, ZA A oj#F wiLel o]
23k ti7)doldE AF7F A o] FARA] KL
AT B A s AFE szt 1] a4t
A3} 2bzke)| 9)x]sk skt 1100 A A A =
TR RE AF ke o] QRS BAEITh e 3
LI ETE TE F B AoNA T3 A7l =
Ag d7ldoeE gAe] sety E4E vage s
A gt 1100224 A o] R34 7L
AL AGIA] 2 7S AL, B AT A
ti7looleiEe] LHdddS & o JAHSE olsfst
a7 Sk olg s Are $EuE FHSTERRE
X}7‘]3] ol 93 FrYEHe LHEZL o)lF AR
o 29 54, 28 o]5e°] FE ti7]Hel v
°355Ea st Fad VI2AERE 48E T
S 7oz AgtdAr,

U
a0
N
i
2,

—{.I

o I nfo

2. oiqraty

OE

21 t7lolojziE Az *F

AF= AT 1&31 &) E 8 (33°28N,
127°17E) A= g2kt $E 9] o Tal= 1100 m
A7 (33°21'23N, 126°2746E)°ﬂ Aelol & A )5t
SALE vhast (g | F2). AFE] NE &
of A8l e Ak FHhe Ut R4
HREE AHL2N AF7HAE =9 H oz
g A o] AAHL ek agk A4
72 mo] A¥ 9o s<7F 20 m A 91X
A, Fel] W77 glofA Q191#l el
7] x| s A olrt. AL T 717
EZ deolt 713w7E A st oM 713AE 5

Jo] 7}53k vzlg]i]o]q_&M,IS,IX-Zl w3tk skakak 1100324
Jae et FE9] 1100 m Aol fIA]skH, A

2 ]

o r\r

K
Y N o 30 T pZ o

A
ot

Wi
oL, 0&
2



O Jeju City

Mt. BAlla-1100 Site .
(B321°'N,12627E) e 4 Halla Mountain

(33°17°'N,126°’10°'E)

O Seoguipo City

23 2ol HEo R 9F 500 m oA AL, I
AP ERLgE FF UE WEFORE 10 km HE Ho

Q) 2o Q17 EF o] F3] A
QA 7] FEHE 5

7] SHEALS RUEYs)d Agat
o

AEe A& A5 air sampler
(KIMOTO, model 195A, )9} Z8| ¥ <] PTFE
(polytetrafluoroethylene) BB & AH&-sto] A&H o072
ANFBIAIL, AFE ANFHAAZE Efo]HE AMEEte] 244]
7+o 7 2438tk Air samplers HH o] W 3o
SAE9 3 W7 38 mm ¥7] FUHS AMEE 3
Aol A= A% 6 m, R 11002A] A = A 5
m E0]9] t)r]oolg & AR E AF AT AEE
A 229} FEbat 1100224 244004 2001 1
AHE 20049 697HX] 24417 @92 Aol A3 38t
et

22, ooz ME 24

TSP djoj8i&E Al E AF S HEH= -20 °C WEal
o] Rt tlek 3/ 7HEo® EA)d 24310
HE YA AFE 9ERES ZdEhd § o] F 2
SE3t o] F & e 584 ol&AE, A &

o
e A2gE B0 olgatarh £84 A% B4

e oo

= 2 02 mLE AANZ T &4
mLE 7}ste] 283} A H 7104 3087 843 A
$&A71 2, A2 A7) (shaker)l A 1 A7F 5

S

% o 2 A 2

o
T8 2 &3AFH oW §71= 125 mL
2] HDPE® (Nalgene, 125 mL)S AF&3} 2
=N FAL7] ZE(Whatman, PVDF syringe filter,
045 pm, 13 mm)E E84 JAE AE F A&
]2 248 A EE ARSIt o] 2w ol
2ulEaY IO er  EAEUTE  Folee
Metrohm Modula IC (907 IC pump, 732 IC detector)
£ A}&-3le] Metrohm Metrosep Cation C2-150 Z &,
1.0 mL/min #4, 100 pL Y %, 2.0 mM nitric acid
LA AT AT T 2022 Metrohm
Modula ICE A}8-3}%] Metrohm Metrosep A-SUPP4 Z
&, 1.0 mL/min 2, 20 pL &Y, 1.8 mM NaHCO5/
1.7 mM Na,CO; &2, 0.2% H,S0, & qe] %=
o7 AT o] wf o] 2% A4S 9% IC
o] A& E Ao wet 1.8~10.5 pgle] HEE B
R 73] WHE Z4 S U EFHAHRSD)E 0.9~5.4%
eIt 22]a #4 2kge] Hreve
A EAL0 NEARE VISR 58Y
o] 5 mm ©]F% A5, 2B Fol2H
o] FEFEE FoRRE AE EA4¥=E
(% imbalance)’} 40%E d& AEE AE9 4 3
Aol A Llstdet. o] A3, A 54 A5 FollA
22% A7t ool A ALl = et

<3

4 iz F
=% P

Ly o

&

o]

o lo gy lo
N

rfo S
o

ol w»

3.1. O|RME9| =T

2001 A5-H 2004374 24t E78 48} gt
S 2ol SAE F 3240 A FEY o] X
AZIE Table 13} Fig. 290 AN 3 th o] & 4
FE5E I 23504 12.0~15.3 pg/m’, 110
A2oA 6.6-87 pgm’E LA A7)
11002 A ZRA AHT} 1.5~1.98] AL =& Ao
HATH &4 717 B o] JEES] HdEEE I
2 2 Aol Mnss-SO,2 (5.48 ng/m®) >Na* (1.87 pg/
m®)>NO;™ (1.76 pg/m®)>Cl™ (1.71 pg/m®)>NH," (1.45
pg/m’)>Mg* (0.34 pg/m’) #nss-Ca?” (0.33 pg/m’) ~
K" (032 pg/m?), 32t 1100224 24 20l 4 nss-SO,>
(4.50 pg/m*)>NH," (1.36 pg/m®)>NO;" (0.84 pg/m’)
>Na* (043 pg/m?)>nss-Ca®* (0.32 pg/m?)>K" (025 ng/
m’) > CI' (0.18 pg/m’)>Mg*" (0.10 pg/m’)e] o2

%
AL
S
S

1 A

oL

r
Lo

2 A oo

Analytical Science & Technology



AT B b A7 2] ) 7] ol oj2]& o] o] 24 vlaL 27

Table 1. Annual mean concentrations (ug/m®) of ionic components in TSP aerosols collected at Gosan and Mt. Halla-1100

sites during measurement periods

Gosan Site Mt. Halla-1100 Site Ratio
Species (Gosan/Mt.
2001 2002 2003 2004 Mean 2001 2002 2003 2004  Mean  {y(a-11 00)
NH,* 1.27 1.62 1.46 1.45 1.45 1.30 1.25 1.52 1.39 1.36 1.04
Na* 2.39 1.80 1.66 1.62 1.87 0.28 0.42 0.48 0.52 0.43 435
K* 0.23 0.37 0.34 0.36 0.32 0.15 0.28 0.24 0.32 0.25 1.28
Mg** 0.25 0.33 0.21 0.56 0.34 0.06 0.09 0.13 0.13 0.10 3.40
NOs~ 1.37 2.14 1.72 1.81 1.76 0.52 1.11 0.73 1.02 0.84 2.10
CI 1.76 1.96 1.30 1.93 1.70 0.11 0.21 0.19 021 0.18 9.50
Dnss-Ca®* 0.19 0.62 0.17 0.24 0.30 0.18 0.52 0.15 041 0.32 1.03
Dnss-SO,%~ 4.94 6.45 5.14 5.40 5.48 4.01 441 4.86 4.72 4.50 1.22
Sum 12.4 153 12.0 134 13.2 6.6 8.3 8.3 8.7 8.0 1.65
No. of samples 50 53 36 21 50 53 36 21

Dnss-Ca?" = [Ca?'] - [Na']x0.041, ?nss-SO,> = [SO,*] — [Na']x0.251

17
=

Uelytth 283 Fig 25 2 RS &
Z(Box and Whisker)> 2 ¥ w3t A=
ZF4e] AL 25-75% FEHIS

& ZY7k(median), AH471EE HaE, W
95% AN FT7F XE 99%9}F 1%2] gk,
oo} HAake vebd Zlolth #4 4
Ao FFHOZ nss-S07 0] 7
YER AL J4F SA 4] A tE
Lol Bl&] 3~16HH, 1100 2H 4=
S 2 Jeith o] JEES] FE

Ik S e SHe] F2 ARl Na', Cr

Lo
o g

e

=
o,
=
=
o o 2 ()

_,d
o3
o W M my
[V R A I ]

jud
-

B
o
s

2
Rl Hr ML ol

ooy,
off
oX

AV
98}
A
W
=

A

M

|
it
R

i S
&

ox, o rlo md k1 4 rlo

A
v &
ol
b1
N
kT
iu)
Hir
Kl
z
&
Lo
=
Yy
_O|L
X
2

—
—
[
S

A
S
o
— |
Hif o

flo b

looww fIf

45 NOy ol %7} o] AHEERY

o
o
2

=)
o
0,
32

ox ¥
Ly
Lo,
£ of &
[
NORR 1

—r
I
o2l
B

HZ Fig. 39 AAISIATES
<l Na', Mg, CI'e] =& vws] 2
Ao F27F 1.0-37.0M A= ¢ =
YeRl 2 ok ARE FolMe Crel =271 7t
AL ¢ F U, 53] AFHT, 8)F ALA(,
12¢)d g% Fsisk AfolE YeERfAT. o)A S 9=
A9l NH,*, NO5, nss-SO. 2 F+ S04 4z
0.7~6.491 2] FEx}o]= B3, NHy & nss-SO,5&
AF vl=g 445 YepATh 23y NOs 9] ¢
7, 89l A4k 20N FEIF M) A= =& o
2 Yehgdtl & 23849 K, nss-Ca*' TEH= 91
Z 06389 Z YEels = 72 ASEHE 44E
FLEAY BS ST e A0 R AL AT oA H

koo K
% 2 o, o
oX i N Hr oy

rlo

Vol. 24, No. 1, 2011

dAFe] F o AH<l Na', CI, Mg*e] =3k
7t 7HE & olfre T S 4 XElFQl YA 9

)
g kol] 23N oA slFe] FaFo] Bt AFHH L
2 Yest7] dgEoltt. 283 o8 ARES FE X
AR F9(2.5~10 um)oll EA317] o] th7] 5
AF A7bo] BlwA Fol AF 2o vle| Fhebat
1100327] Ao wz= FaFo] FH oz 74

o PN
e & g QU

NH,*, NOy, nss-SO,> A E-& Fig. 29} 70|
oM Tha B FEE Bolx| NH, 9}
nss-SO &+ A9 9] FEaprt 18] =24 ek o
Wk © & NH,', nss-SO2 S FE PM,s 1A 4 Ao
SR8k EdstE oz QP SHNH,),S0, JEH = EA
gt ks ti7] F AR AlIke] WA A7) o &
of o] ot o HHS FE FFHA EHH0]

A9} s 110024] 2449 nss-

e

Qe 2 =4

SO/ 7} H|S528 2528 Hole AL o]gjd Jgo
ForE T B NOs 9] % 2= NHY', nss-SO.2
of Hlal BlaA] 2 AoRE AT 2 S48
Mg AT A2 BE, NOy AE-S PM, 59 TSP



S 2~ (e} P 2V &
28 4 - AY - ol - ol - AlE - R
10 , ) ; 20,
8 Na* cr 16 - mg” K
- x «
8
g 6 x 6] 1.2 15 x -
2
s 44
2 x
£ 4 . 08 1.0/
8 2 %
= -
3 . x
2 . x . 04 05
0 X $ 0 X é‘ 00 X é 00 X

_ 8 9,
20 x nss-SO :’ NH, - NO; _ nss-Ca
x 4]
“— - x
g 15 64 _ x X
x
3 * 6 2]
: : T
E 10 4]
§ 1
g 0.3
S 34
5 ° 24 0.2
.
J. 0.1
T 1
9 x 0 ] 0 x 0.0
Gosan Mt. Halla-1100 Gosan Mt. Halla-1100 Gosan Mt. Halla-1100 Gosan Mt. Halla-1100

Fig. 2. Box and Whisker plots of ionic species in TSP aerosols at Gosan and Mt. Halla-1100 sites.
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Table 2. Pearson correlation coefficients for ionic components in TSP aerosols at Gosan and Mt. Halla-1100 sites
Gosan Site
NH,* Na* K* Mg** NO;~ Cr nss Ca?*  nss SO

NH," 1.00

Na* -0.31% 1.00

K* 0.62? -0.08 1.00

Mg* -0.05 0.38% 0.19" 1.00

NO;5~ 0.08 0.09 0.29? 0.28? 1.00

CI- -0.28% 0.83? -0.13 0.46? 0.05 1.00

nss Ca*" 0.03 0.04 0.39? 0.21? 0.35? 0.12 1.00

nss SO, 0.89? -0.23? 0.75? 0.08" 0.10 -0.31? 0.29? 1.00

Mt. Halla-1100 Site
NH,* Na* K* Mg NO;5~ CI nss Ca?*  nss SO,

NH," 1.00

Na* 0.12 1.00

K 0.79? 0.29? 1.00

Mg** 0.17Y 0.24% 0.40? 1.00

NO;5~ 0.09 0.49? 0.332 0.49? 1.00

CI- -0.09 0.712 0.129 0.39? 0.70? 1.00

nss-CaZ* 0.03 0.462 0.35? 0.43? 0.722 0.77% 1.00

nss-SO,* 0.95% 0.20? 0.87% 0.36” 0.21? 0.06 0.26” 1.00

DCorrelation is significant at the 0.05 level (2-tailed)
ICorrelation is significant at the 0.01 level (2-tailed)
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