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Summary

The purpose of this study was to investigate size-segregated composition
characteristics of atmospheric particulate matters in Jeju city and identify the
emission sources using principal component analysis(PCA).

For this purpose, atmospheric particulate matters were collected by 8-stage
non viable cascade impactor from October 2002 to August 2004 in Jeju city. 8
water-soluble ionic components(Na’, NH,, K', Ca®, Mg”>, CI, NO; and
S04 ) and 20 trace elements(Al, Ca, Fe, K, Mg, Na, S, Ba, Cd, Co, Cr, Cu,
Mn, Mo, Ni, Pb, Sr, Ti, V, Zn) were analyzed by IC and ICP, respectively.

The average mass concentration of atmospheric particulate matters was
39.42(11.36~69.39)pg/m’  during sampling period and seasonal mass
concentrations were 44.14, 19.64, 37.26, 46.46ug/m'for spring, summer, fall and
winter, respectively. In summer, mass concentration was lower than other
season. Atmospheric particulate matters exhibited a tri-modal distribution with
peak value around 0.9, 4um and 9.5um.

SO and NO; of water-soluble ionic components in atmospheric particulate
matters were dominant for all season. SO and NH, were mainly in the fine
particle mode and exhibited bi-modal distribution whereas Na', Cl,, Ca”’, Mg”'
were mainly in the coarse particle mode and exhibited bi-modal distribution
with peak value around 4, 9.5um. NOs; was found in both the fine and the
coarse particle mode.

The concentration of S was higher than other trace elements for all season
and Na was the next. The components from soil and sea salt were mainly in
the coarse particle mode and exhibited bi-modal distribution with peak value
4, 95um. Anthropogenic components were mainly in the fine particle mode,

with maximum peak value in the fine particle mode.

_iV_



As the results of the PCA, the first principal component have high factor
loding in the components related with soil/road dust resuspension in both the
coarse and the fine particle mode. The other emission source determined sea

salt, fuel combustion, motor vehicle, ammonium sulfate and ammonium nitrate.
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Fig. 1. The location of sampling site.
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Table 1. Sampling note

Sample Sampling Sample Sampling

No. Period No. Period
CH1 10/02/02~10/16/02 CH16 09/06/03~09/22/03
CH2 10/16/02~10/30/02 CH17 09/22/03~10/07/03
CH3 11/04/02~11/19/02 CH18 10/16/03~10/30/03
CH4 11/25/02~12/09/02 CH19 10/30/03~11/13/03
CH5 01/07/03~01/23/03 CH20 11/18/03~12/01/03
CH6 01/23/03~02/06/03 CH?21 12/22/03~01/17/04
CH7 02/10/03~02/24/03 CH22 02/06/04~02/17/04
CHS8 02/24/03~03/12/03 CH23 02/17/04~03/01/04
CH9 03/14/03~03/27/03 CH24 03/15/04~04/01/04
CH10 03/27/03~04/10/03 CH25 04/14/04~04/29/04
CH11 04/10/03~04/25/03 CH26 04/29/04~05/14/04
CH12 04/28/03~05/16/03 CH27 05/18/04~06/12/04
CH13 05/16/03~06/02/03 CH28 06/12/04~07/01/04
CH14 08/06/03~08/19/03 CH29 07/12/04~08/02/04
CH15 08/20/03~09/01/03

Table 2. Aerodynamic diameter for cascade impactor
Stage 0 1 2 3 4 5 6 7

S
2 90~10.0 58~9.0 47~58 3.3~47 21~33 1.1~21 0.7~1.1 0.4~0.7
Range,m

Ao Y flste] AH oAt VUi o] eHRS BAT 1 o

ZHA 9] blank FE7F @2 AHE 7FA 3L A= membrane filter(Seoul Science,
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S8l
A= ABEH A - FR 4ABAIZE o] HAAOlE el Hitste] ARl

o

4

0.0Imge] HE=E Ze= AAAEE FAE SAS e, ARxg d3} 59

WAk EFE AL AHYE Astel AR Rl WolA U R F

o WA WMo AR F @ HEE FEA o2 BAe Unx yEe

e

oAl g Vortex MixerS o]-83te] kA 7] 12 MESAFS] 2 7425mm, pore size
0.45um¢! cellulose syringe filterS A}-&3te] o 73k 5 o
Ak BAE Mg E468H7] A7bA] 4TColste WA ek it

FEA o]eAES Na, NH/, K, Ca”, Mgz*, Cl, NOs, SO &5l tjs}e]
AAele A =EE9S Jon Chromatography® .2 431t 2 Ao ALgH
IC(Metrohm, model Modula IC)E= 27H2] Metrhom Modula IC¢} Autosampler=
Al AZAAZ Al xdlom ARE 13] FYsto]l ol Fols A &

A F dEms FAENeH A7 Table 3o Yeb It
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Table 3. IC analysis condition
Pump : 709 IC Pump
Detector : 732 IC Detector
Flow Rate : 1.0mL/min

Cation Anion

Column |Metrohm Metrosep C 2 150 Metrohm Metrosep A SUPP 4

Eluent 4mM HNO;3 1.8mM Na>CO3/1.7mM NaHCO3
Injecti

ruecton 100,L 20uL

Volume

753 Suppressor Module
Suppressor - (suppressor solution
=0.1%6H2S04)

Q1283 F 284 v#Edael 248 2814 microwave digestion A
M-S F83o] CEMAFS] MARS 5S(microwave accelerated reaction system)Z
o] &g AL - AAt A WHS ARESEATE o] WRE 7]E=9] hot plate ¥
of Hlal Alze] @e] Aa, "HE7|e] o]gow A HiIEe E4Ho] HA
ooty Er g2 Azt o] e AIEE Al FEE ¥ 5 o] Ty EAH
of AR AF7tA 4z By T 7P 292 o] tHORD, 1999; US
EPA, 1998a).

i/

ofx]o] B2 EZFWS ol 2 A o] HEZE A Al vesselo] Wil #HAl
(HNO3) 3} d4FHHCDeo] 3:1¢] vj&x ZAY &4t 48 12mL7st 3 nlo]l=
232 zAlst] 108 B¢ 252 175CER 24
[ex]

A7l F AAF] &=

gus R

mlm
g
2
E
_r&l_‘
S
%
ol
ol
X
oK
S
%
&
2,
o
mi
no
ofo
2
rlo

£4E AHgslel FEHow §uEesIdA BmLE EEs] PAE AR
O:]

¥ A (filter blank) A EE AFH A &S A E o 72L& HHo

a3l
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& FEsto] BAsH

AAEE AZF AgE ICPHOE Al Ca, Fe, K, Mg, Na, S, Ba, Cd, Co, Cr,
Cu, Mn, Mo, Ni, Pb, Sr, Ti, V, Zn°ll thste] Z4stslar A=A 2 Al AHE-3
FEEANE AR ol w AeE WS 001-50u/mL, AsE s
< 001~10pg/mL WHZE ZAAY. 2 Ao AE&H ICP-AES(Thermo
Jarrel Ash, model IRIS-DUQO)9] #4] & Table 49 2t}

Table 4. ICP-AES analysis condition

Operation Mode : Simultaneous Mode

Plasma Type : Radial, Axial

RF Power @ 1150W

RF Frequency : 40.68MHz

Auxiliary Flow : 0.5L/min

Nebulizer Flow @ 28.06psi

Nebulizer Pressure : 35psi, 28psi

Air Flow Rate : Outer=16.0L/min
Inner=0.5L/min
Nebulizer=28.06psi

Pump Rate : 130rpm

Detection Wavelength(nm)

Al : 396.152 Ca : 317.933 Fe 1 259.837
K : 766.490 Mg : 202.582 Na : 588.995
S 1 182.034 Ba : 233.527 Cd : 214.438
Co 2 28616 Cr @ 267.716 Cu @ 32474
Mn : 257.610 Mo : 202.030 Ni @ 221.647
Pb : 220.353 Sr ot 346.446 Ti : 334.941
V 1 309.311 Zn : 213.856

_15_



NV

£l
B
‘_Ir‘_./l
T

B AA el A 20021 109 F-E] 2004 8€ 74|

)
oF
o

Ho
o)

—

e
i

Fig. 2°] Y&
11.36~69.39ug/m' & & W3}Eo] o5 A A e}

=
=

39.42ug/m' 0. &

)
M
Ho

el

)

o
& AFA Aol A 1999 3LHE 2000 297449 1 F

1l
2y

A7t 2

A

A

SR @27ug/m)oll vl oA E= A YERs o, 2000)

219 69.6pg/m' (A2 £1,2000), A&A S 59.6pg/m (2 &, 2002), F-2F 59ug/m’,

A+ 70pg/m (X S, 2003)

2]

=
M

=N
<]

\= e}
T

ol

5

=
T

203] AFHE EAEE AFH7IL e AdEE &

&

Fig. 3<&

i

a3, 71

A2

e

&}

5

il

—~

o
4K

o)

-

)
b
Ho
b=

el

2

44.14, 19.64, 3726, 46.46pg/m > = = 7}

of whe} o] g el Aol

1
=

3

FH(rain out and wash out)%}

A7k Hol A= Feol o

B

oAl A

ks
hul

Hjske] 7ol 7] wEe] Fgo] o

K

ol
o
;00

[e1Xe))]
H

=

e

&S B

oz

]

sejetz

ER

%38la

7

<HE 77t

A

o, he

O;
[¢]

94

_16_



r 6¢HO
r 8¢HO
r LZHO
r 9¢HO
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r ¥ZHO
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r LZHO
r 0¢HO
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80
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© Yol < 3] N
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Sample No.

Fig. 2. Mass concentration of atmospheric PM10 in Jeju city during

sampling period.
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Fig. 3. Seasonal mass concentration of atmospheric PM10 in

Jeju city.
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Fig. 4. Seasonal variations of rainfall in Jeju city during

sampling period.
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condition® 2 <1af AH|2F ¥ AHAErE F243] 247 wliEol 95umy--2
peak”7} H43] vtolx]= Zloz dAdHETh
Table 5. Mass concentration of atmospheric PM10 in Jeju city
No. of Particulate matters in air(gg/m’)
Size Standard ) Particle
Stage Mean o in. Max.
Range(um) Deviation Mode
0 9.0~10.0 4.06 2.65 0.76 12.28
1 58~90 480 2.69 0.95 13.83 Cl‘;agje
2 47~58 2.96 1.50 0.19 6.81 (43.15%)
3 3.3~4.7 5.19 2.06 1.42 9.75
4 2.1~3.3 458 1.70 1.54 797
5 11~21 5.05 2.00 1.06 9.07 Fine
6 0 1.1 6.95 2.60 2.31 12.62 2ol
AL ' ’ ' ' (56.85%5)
7 04~0.7 5.84 2.14 1.06 10.49
Total 39.42
120
: gg:?rﬁer Mass ,'\\
100 —————— Fall I
————— i
- - — |
80 - )
~ |
=)
8 60 -
S
40
20
0
0.01 100

Aerodynamic Particle Diameter(um)

Fig. 5. Size distribution of mass concentration of atmospheric
PM10 in Jeju city.
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Fig. 6. Correlations between cations and anions.

ZlEo g2 ALte Pz uE YERATE g7 xlel digk 7k =84 o] &4
Bol 7)o & 9Fo]Lo] NH, > Na'> Mg®> Ca’> K'&o® goled SO~ >
NO; > Clwoz Yewi AAHozE SO > NO;y> NH,/> ClI'> Na™>
Mg®> Ca’> K'9] <oz yehyrh o5 AE F dol23 Soldx Zzt
N = FEE Uk NH, 9 HdsEs 1.739ug/m & 24 A4 o] A&
o] 43%2 AABAIL SOL 9 FEE 5072ue/m O REA AA Lol AR 529%
& AR
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K ca’*
7% 8%

13%

Mcf*

NO3
34%
S0,2”
53%
Cations Aions
NH,* K’ Caz;rvlg%
00 2% 00
13% ?/4%

38%

Total

Fig. 7. Mass composition of water-soluble ionic components in atmospheric

PM10 in Jeju city.

Table 60 2t2te] o2 E5e] AXY =5 Aol YehAdrh. ol

Fol 2ol A 247t b Ee FEE HolE SO % NHy 9 AdY FdsEs

o

)
Ag> B> 45> /Mg Fo& YEEth NHy 9 2% B3 Age FdAe
2 TR b @ ghe e e w164
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9] zo]E B vl Matsumoto(1984)= th7] oA NHz¢ NH, =2

g A3, NHysew A5 =3 Agdd wtow Adusoe] 2 v NH, &

A\
ol

H
rr

ALl b EAR 1 MES A Ao ®ud v vk SO F ALH

e
=2

M ES FEES Bole A2 ASEH I T d¥er dv] Fol SO

oifl
Lo

Table 6. Statistical summary of water-soluble ionic components in
atmospheric PM10 in Jeju city(zg/m’)

Season Na" NH,/ K Ca* Mg” ClI NO; SO/
Ave. 0940 199 0259 0161 0.713 0921 3472 5.448
SD. 0330 0453 0055 0046 0209 0502 0642 1.751
Max. 1661 2943 0371 0.255 1.045 1.892 4.366 7.847
Min. 0584 1529 0.179 0.110 0413 0.299 2429 2.314
Ave. 0.898 1445 0.129 0.095 0.227 0.615 2.423 4.820

Summer SD. 0195 0365 0.054 5 0.058 1 0.110 0.242 0.546 2.053
Max. 1.019 1944 0.178 0.156 0.360 0.860 3.086 7.748
Min. 0606 1.115 0.056 0.039 0.090 0.348 1.754 3.137
Ave. 1456 1276 0.241 0540 0.361 1.703 2.881 4.113

SD. 0241 0273 0035 0549 0149 0491 0426 1.508

Spring

Fll Max. 1836 1.752 0362 1440 0.656 2450 3.654 7.283
Min. 1.083 0952 0.144 0.114 0201 0989 2305 2618

Ave. 1276 2074 0396 0392 0582 1.719 4195 5.778

) SD. 0255 0941 0128 0249 0402 0309 1466 2.196
Winter Max. 1609 4.016 0626 0.857 1154 2105 6.620 9.327
Min. 0860 1497 0251 0.183 0.161 1.323 2.220 3.900

Ave. 1158 1.740 0.269 0312 0517 1287 3339 5.073

Annual SD. 0351 0644 0117 0348 0299 0614 1.020 1.867

Max. 1834 4.016 0626 1440 1154 2450 6.620 9.327
Min. 0584 0952 0.056 0.039 0.090 0.299 1.754 2.314
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AA71d AES Na, Cl'e ¥=E B¥ Na = 3ol 0940ug/m', ool 0.898
pg/m’, 7FEol 1.456pg/m’, A&l 1.276pg/m'o]lal Cl & #ol 0.921pg/m’, o &l
0.615ug/m', 7+ 1.703ug/m', Ao 1.719ug/mZ 712, AL 15 EE
B ot ol AT AnE AHJeA Yetude AT dAEE o=
Agdo s ditxor F&Hol Frtatal, 7o F2#<Q &3jto] ¢ ghalA

A Z7}etA @tk (Carmichael %, 1997). =3k R &2
Ao e T2 FH5 9ste] 245 =d(Chen 5, 1997) A&H 3l

F BolA oot B HEF] o PH ololmEel JF wEal

rl

NO; = A2(4.19pug/m')> E(3.472ug/m')> 7F(2.881ug/m')> & 5(2.424pug/m')
o] £o g Ko AdY =¥ S AS(0.3%ug/m> E(0.259¢g/m)> 7+
(0.241pg/m')> A5(0.129ug/m) o] +o 2 Ve o] F A
Adwstel 2 AgS HYrh

Ca’'s B, o2 71S AL Z+zb 0.161ug/m’, 0.095ug/m’, 0.540ug/m’, 0.392ug/
g9 oz vegon Mg®'E B(0.713ug/m)> AL
(0.582ug/m')> 7+8(0.361pg/m)> o F(0.227ug/m) 9] =o 2 YEltar YA

FEA AR TEEEE F o FAHRE fotsty] fste 7F o] A E
o FEE AHYER FEte] 747 MEER 73 AH4E Fig 89 yEbWth 1
Poll Al B B oj=Ho A$ SOS> NO; > NH,S> Na™> Cl > Mg™> K>

k]
SO# > NOz > NHy > Cl'> Na™> Mg”> K> Ca®'¢ «Az Aol 2#glol
Fol2 FollM= NHy 9 Na 7t $HARCRE Yeldon, Jol FolAE <19

A 7199 AR SO 9 NOs 7F ZFA sk wlFo] A vepdoh 7] {27

Homn
Tzl vk

M
flo

m= 72> AL&> B

V
G

Ca”, 7}&#d SO2> NO;> Cl'> Na> NH,/> Ca’> Mg”>> K', 7

T T8A oA THALF T ole Ul 7HA FHAZEC] AA e HF

829 o]Arolgt}. o]} e A= Fote] mlE <lAE xHol AFE TAHY
5, 1996)01 1 F-ake] slul(Y 5, 1999 o] dde] JdIFs F= o X
I v 2ol 7b Al olE Ao A 2

vCI)__
AR vFel A etk wE B A7 Aejn 2o dto iy ofn
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Fig. 8. Seasonal mass composition of water—soluble ionic components in
atmospheric PM10 in Jeju city.
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a2-
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Fig. 9. Mass composition of water—soluble i1onic components in atmospheric

PMI10 of stage 0~3 of cascade impactor.

7] Fell EA8E NHi = NHzo AR 2ye #A7 sled dubyo=s
7] 5 NH3e 8 @#A4de Edozr B T NHAA uteote] &%
o sdA A ALEE = HEY AMEF e b7 F ovEE B2 43S
W= Ao A dovk(H, 1998 %, 1996) £ AF7E ol A AlFAIeF 2ol
HsdA9e 4 dEny wesd 53 #ddvs Bk JdokSuh &,
1995 | 7] Fol EAshs NHy o 49, Aoz wAE NHy7b2=7} o
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7] FelA R galE F SOx, NOx, A4 v A=E(mist)$t Z23sle] QA4
NHiNOs, NH/HSOs, (NH1):S045 BA kel Ium olate] wAYgx Felz &A1
t}(Nishikawa &, 1991). o]&1sk #4L di7]2 =9 wj¢ = AA 7 Jon,
710l wE W= sk AR gl o F APHAW vhglR 7]2e] ol

A g ol A ARdew APHT] wo] 7o w2 A& Hd NHy

$04%° K*
39% 3%
Ca2+
2%
M g2+
4%

Stage 4 Stage 5

§0,%”
57%

Stage 6 Stage 7

Fig. 10. Mass composition of water—-soluble ionic components in atmospheric

PM10 of stage 4~7 of cascade impactor.
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webad NH, 9 9749 sE®BEE Fig. 1104 B viel o] 2ida 99
A 9.5yl = peakZF YEFUZ SEAIWE FH A peak 0.9mol Al ERLUE o]
Ae ByE pola F2 nAda gdd EAsta 9ee o 4 9k

A G ool SRR SO AAMAYES AnHFAM B Fo
Z WEHE 7hA SO7F Alzte] Z#ete] uwhel giREE SO, FElE ArsiE =
A mataidel 7]l A Aol A= AoeRE LA drh(Carmichael
s, 1997; Gordon, 1988). A #te] A< W7l & Fwolv Bdde] 4= 4 f7]
AEtE, B, dRYel o B edEHe v wet AA 9FES v Zle
2 4eA QY EAR V=G HAEH, 1979). 249 49 Na & Axda
o P71 SO (ss-SOLN)e Hla g 7192l SO (nss-SO )¢ 7)o g o}
21 & ol g3t 4AHdd 4 Ath(Nishikawa &, 1991).

oo

ss-SO4 = 0.251Na’
nss-SOs” = SO& - ss-SO4&

o]7]4, Na'¢} SO/ & #Z3xolH, 02518 3|4 5 SO /Na'9 @d@u|s o

olo} e W o= AAH AP D SOL S HEAILe] SOL 9 #He Y
AWz Aelsle] Table 70 YEFWALE Fig. 1201% SO 9 )4 xRy s

3 7] Y (ss-SO4) T B9 7] D(nss-SO,° )02 FE3e] YEFWUTE Table 79
A B wpel ol SO/ e A AR NdEE 2 mE F 2HYA o
Aol M HF 2763%, "ALANME 1.84%7 7199 SOSE v
Hop 2 dtel ol 7lostar ARt dAA R RS wf & dAoA A

" SO/ = EE A4 71 9% AYS & F

O

S EEREREEREE
P FE A9 G BESD 98 & 5 vk

Sl 4] e NHi, SO Sk §71 F& o] £4%e NOy o 4% 9149l

oX,

o

2GSl = G714 HAUA F2 G SO dFeE J =didA Id
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A AxAstETe] Mg ow Qs oA dgdd BESA HE AoltHGao
S, 1996, Nishikawa &, 1991; Prospero ¢} Savoie, 1989). & <94 NO3 =

9.5um, 4m 123l 09mPB SN A peaks UERHHEA A At Gt mAYA

A A e Yo BEste AFe g2 AdFdME BuxEa Jrh(Gao
5, 1996; Kim &, 1998; Wolff &, 1986). gt NOs; o 4% F=2xE A4
2 Aurd Alde web m gt 4l 0.9mel A peak®
EIstth A& dol= peak7t A G99 peakst HIE FEoR £
SARE o FHe] Ae 2odAet HwE S u peak”t S

g ol NO3 o 4% Aol A% =424 2% g&4ds 1 & Utk

(e
ot
N
N
o>
ol
ol
X
W

dukd og  wAYA GJo EAE= NOs = NHNOsFHERZ A k=]
(Milford®} Davison, 1987) 7]<°] #¥& 2% UAA NHNO37F Aol =7]
gzl GA FuEo] &Aool BASHA Hrh o E Eo] A EYolelA FAH
Hho] W2 27t 28 o F o] NHNO:;S thH-E2 30~60%7F 3¢s = A
o2 Basti 9tHChow &, 1994a).
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Fig. 11. Size distribution of water-soluble ionic components in

atmospheric PM10 in Jeju city.
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Table 7. Contribution of sea salt to SO4” in atmospheric PM10 in Jeju city

No. of Size Contribution of

ss-SO/*~  nss-SO.* SO

Stage  Range(um) Sea alt(%)
0 9.0~10.0 0.037 0.099 0.136 26.97
1 5.8~9.0 0.057 0.124 0.180 31.44
2 47~5.8 0.032 0.102 0.134 23.84
3 3.3~4.7 0.065 0.140 0.205 31.59
4 21~3.3 0.054 0.170 0.224 24.27
5 1.1~2.1 0.035 0.682 0.717 4.93
6 0.7~1.1 0.007 1.863 1.870 0.38
7 04~0.7 0.004 1.602 1.606 0.22

dC/dlog(Dp)
[}

0 . : o
0.01 0.1 1 10 100

Aerodynamic Particle Diameter(um)

Fig. 12. Size distribution of 55—80427, nss-SO,° in atmospheric
PMI10 in Jeju city.
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Table 8. Seawater enrichment factor of water—-soluble ionic components in

atmospheric PM10 in Jeju city

No. of Size Gl SO~ K Ca”™ Mg*'
Stage  Range(um)  (1.80) (0.25) (0.04) (0.04) 0.12)
0 9.0~10.0 0.87 3.72 1.03 7.19 2.40
1 58~9.0 0.74 3.19 0.70 6.18 3.15
2 47~58 0.65 421 0.81 5.99 3.78
3 33~4.7 0.58 3.18 0.82 5.61 3.37
4 21~3.3 0.48 4.14 1.29 5.9 3.38
5 1.1~21 0.32 20.33 871 8.01 458
6 0.7~1.1 0.81 26434 9613 18.70 13.46
7 0.4~0.7 1.26 45802 13385 1395 9.69
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Table 9. Concentration of trace elements in atmospheric PM10 in Jeju

city(ng/m’)

Element Average Starllde.lrd Minimum Maximum
Deviation
Al 438.584 309.218 103.943 1499.530
Ca 547.506 311.070 81.451 1114.972
Fe 538.343 276.382 118.872 1142.479
K 501.831 297.481 66.602 1174.606
Mg 260.529 130.362 85.221 724.321
Na 1358.354 505.180 525.025 2356.066
S 5980.869 8596.169 865.577 30225.222
Ba 13.497 3.645 6.617 20.887
Cd 0.816 0.398 0.208 1.945
Co 0.450 0.252 0.131 1.103
Cr 9.224 18.525 1.278 96.457
Cu 7.567 2.503 3.005 13.956
Mn 16.864 9.220 1.720 40.389
Mo 1.681 0.625 0.290 2.795
Ni 13.826 14.012 1.833 66.028
Pb 39.452 18.054 8.762 84.024
Sr 3.655 1.990 0.788 10.672
Ti 31.283 15477 9.734 66.921
\Y% 3.804 1.847 0.662 8.521
Zn 81.108 35.526 18.622 155.266
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Table 10. Comparison of trace elements concentrations(ng/m’) in various

cities
Elements This Study Seoul” Los Ang;les Milang)

(USA) (Italy)

Al 438.584 1322 758 1420

Ca 547.506 893 585 1415

Fe 538.343 1001 836 1835

K 501.831 851 237 480

Mg 260.529

Na 1358.354 559 1632

S 5980.869

Ba 13.497

Cd 0.816

Co 0.450

Cr 9.224 6.3 23 7

Cu 7.567

Mn 16.864 34.5 33 35

Mo 1.681

Ni 13.826 33.6 5 5

Pb 39.452 248 84 215

Sr 3.655

Ti 31.283 124 7 63

Vv 3.804 36.2 5 5

Zn 81.108 323 114 213

1) Al 5(2002), mean of 60samples (PMjo) during the anual
2) Chow 5(1994), mean of 11 samples (PMjy) during the summer and fall

3) Marcazzan % (2001), mean of 47 samples(PMj) during the winter and summer
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Ahel 83.106% 5 AT 4 Ak A WA dA= Al Ca, Fe, K, Mg, Ba, Co,
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Abo] 35.428%A W sk fFAE 99202 ek =g
Ay E Adow FoaE

T oA QA= dFdAE TS Na, Na, Cl oA =2 A Fatds 7}
Aw FEake] 14.329% %5 AWat 1fX = 40122 YERTh

A WA = Co, K, Ca’' ol Al 242} 0514, 0.861, 0.763¢] 214 HF-abeks 1}
EbRla FRAR 11.045% 5 AEaly afxE 309382 YeEg=d ol 7]

H

¢

B
N
o
Lo,
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5 27, w9338 A EA AZHbiomass burning)g *33 &

ddoz FAHATG 2 AFoM = FAA kAR OC, EC9 &4 K'& &

Aol ALHANA HEHE Aow ddlA Idth(Hopke, 1985 Song 5, 2001).
dl AR Q1A= Cd, Cr, Nioll A =2 AP Fatas 7HAm T4 11.045%

5 AHs LFA= 30472 Bhuuith Nigl 4= 7P gel 4Exl Ve o

2 markero] ™ (Lee %, 2002; Song 5, 2001) Cd& XE #H7|E 59 A48 #@
Hol] zZith wehd v HA Qo] A= ARF #AH Axd o3 Aty F

Al WA olxkel of Al WA <latE 72 NOs ¢ NHy' ol ZH2E 0.690, 0.619
o] o1z} REES Holur gtk EF oAl WA 2z AL NHy oA 0.327=

AR WA Ao 9 SO 040602 1 E gk oS e o
vEbtew olmx oAl wAel sl WA A= A7 23 el

(secondaray pollutants)® <13l o Pdo® AZF At =, ammonium-nitrate ¥

# 2999 ammonium-sulfate ¥d 2A P2 EH3Gh NH 9 NOy, SO
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Table 12. Result of Varimax-rotated PCA for coarse particles

PC'1 PC2 PC3 PC4 PC5 PC6
Al 0.958 0.105 0.122 -0.0838 -0.000 0.037
Ca 0.928 0.043 -0.193 0.002 -0.069 0.147
Fe 0.925 0.063 0.086 0.256 0.026 -0.015
K 0.821 0.224 -0.100 -0.119 0.269 -0.186
Mg 0.839 0.356 0.287 -0.018 -0.030 0.129
Na 0.337 0.881 0.079 -0.112 0.094 -0.010
S -0.020 -0.249 0.024 0.286 -0.696 -0.070
Ba 0.760 0.052 0.035 -0.133 0.232 -0.188
Cd -0.255 -0.101 0.099 0.832 -0.023 -0.290
Co 0.520 0.271 0.514 0.346 -0.146 0.232
Cr -0.128 -0.009 -0.005 0.903 -0.130 0.109
Cu 0.640 0.234 0.361 0.014 0.284 0.079
Mn 0.962 0.119 0.141 0.050 0.033 0.106
Mo 0.022 -0.638 0.117 -0.109 -0.624 -0.135
Ni 0.139 -0.098 -0.129 0.934 -0.030 -0.003
Pb -0.286 -0.170 =0.115 0.413 -0.009 -0.639
Sr 0.696 0.214 -0.139 -0.118 0.198 0.000
Ti 0.945 -0.022 -0.043 -0.197 0.098 0.058
\Y% 0.887 -0.004 -0.292 -0.170 -0.140 0.048
Zn 0.256 -0.414 -0.596 0.176 0.231 0.092
Na’ 0.100 0.947 0.073 -0.035 0.103 -0.039
NH, -0.246 -0.534 0.056 0.159 0.327 0.619
K’ 0.036 -0.012 0.861 -0.002 0.080 0.126
Ca”' 0.438 0.343 0.763 -0.101 0.151 -0.012
Mg*' 0.553 0.054 -0.728 -0.041 -0.121 0.032
Cl 0.254 0.861 0.284 -0.108 0.017 0.103
NOs 0.258 -0.113 0.198 -0.006 0.690 -0.011
SOs~ 0.704 0.323 0.145 0.059 0.021 0.406
Eigenvalue  9.920 4.012 3.093 3.047 1.898 1.301
% Var. 35.428 14.329 11.045 10.882 6.777 4.645
2.% Var. 35428 49.757 60.801 71.684 78.461 83.106

* . Principal Component
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Table 13. Result of Varimax-rotated PCA for fine particles

PC'1 PC2 PC3 PC4 PC5 PC6 PC7
Al 0.948 0065 -0.095  0.000 -0.137  0.133 0.037
Ca 0.821 0.152 0.397 0.082 0144  -0.174  0.009
Fe 0.750  0.153 0.081 -0.096 0.604 -0.032 -0.030
K 0.265  0.733 0.026 0102  -0.006 0.518  0.128
Mg 0.888  0.131 -0.259  0.226 0.101 -0.142  -0.006
Na 0.285 0.035  -0.040  0.829 0.019 0.215  -0.007
S 0.110 0.083 0.099 -0299 0008 -0.767 0.194
Ba 0.335 0165  -0.048 -0.032 -0.141  0.442 0.141
Cd 0.170 0447  -0354  0.146 0.693 0.186 0.028
Co 0.418 0165  -0305 -0.228 0448  -0461 -0.287
Cr -0.100 -0.123 -0.027 -0.063 0.884 -0.130 0.110
Cu -0.009 0234  -0.043 -0.070  0.038 0.024  0.871
Mn 0.684 0.512 0.149 0.184 0.079 0.170 0.213
Mo 0.415 0.115 0222  -0.028 -0201 -0.09 0.618
Ni -0.052 -0.029  0.198 0.088 0.844 -0045 -0.184
Pb 0.052 0.675 0436 =0.009  0.182 0.310 0.216
Sr 0.526 — 0.703 -0114 0178  -0.087  0.203 0.070
Ti 0.815  0.288 0.211 0.027  -0175  0.239 0.160
\Y% 0.517  0.065 0532 -0289 -0125 -0.083  0.086
Zn 0.141 0512  0.719 0.005 0.145 0.249 0.079
Na’ -0.147 0216  0.089 0.877 018  -0.049  0.036
NH, 0.100  0.832 0.092 -0221 0072  -0355 -0.030
K 0227 0839 -0153 0134 -0.084  0.047 0.258
Ca™' 0.401 0108 -0826 0223 -0.023 0.181 0.103
Mg*' 0.448 0.233 0.779 0.193 0.002  -0105 0.121
Cl 0.088 0237  -0.143 0.875 -0.147 0161  -0.109
NOs 0.228  0.866 0.251 0.098 -0.133 -0.116 -0.032
SOs~ -0.053  0.751 0.131 -0417 0168  -0.045 0.154
FEigenvalue 5.794 5.412 3.063 2.967 2.881 1.951 1.612
% Var. 20693 19327 10938 10597 10288  6.969 5.758
2.% Var. 20693 40.020 50958 61556  71.843 78812 84.570

* . Principal Component
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Summary

The purpose of this study was to investigate size-segregated composition
characteristics of atmospheric particulate matters in Jeju city and identify the
emission sources using principal component analysis(PCA).

For this purpose, atmospheric particulate matters were collected by 8-stage
non viable cascade impactor from October 2002 to August 2004 in Jeju city. 8
water-soluble ionic components(Na’, NH,, K', Ca®, Mg”>, CI, NO; and
S04 ) and 20 trace elements(Al, Ca, Fe, K, Mg, Na, S, Ba, Cd, Co, Cr, Cu,
Mn, Mo, Ni, Pb, Sr, Ti, V, Zn) were analyzed by IC and ICP, respectively.

The average mass concentration of atmospheric particulate matters was
39.42(11.36~69.39)pg/m’  during sampling period and seasonal mass
concentrations were 44.14, 19.64, 37.26, 46.46ug/m'for spring, summer, fall and
winter, respectively. In summer, mass concentration was lower than other
season. Atmospheric particulate matters exhibited a tri-modal distribution with
peak value around 0.9, 4um and 9.5um.

SO and NO; of water-soluble ionic components in atmospheric particulate
matters were dominant for all season. SO and NH, were mainly in the fine
particle mode and exhibited bi-modal distribution whereas Na', Cl,, Ca”’, Mg”'
were mainly in the coarse particle mode and exhibited bi-modal distribution
with peak value around 4, 9.5um. NOs; was found in both the fine and the
coarse particle mode.

The concentration of S was higher than other trace elements for all season
and Na was the next. The components from soil and sea salt were mainly in
the coarse particle mode and exhibited bi-modal distribution with peak value
4, 95um. Anthropogenic components were mainly in the fine particle mode,

with maximum peak value in the fine particle mode.

_iV_



As the results of the PCA, the first principal component have high factor
loding in the components related with soil/road dust resuspension in both the
coarse and the fine particle mode. The other emission source determined sea

salt, fuel combustion, motor vehicle, ammonium sulfate and ammonium nitrate.
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1. A[ZAF

AFEE 59 33°10° ~ 33347, ¥4 126°10 " ~ 127°% 9ol 91x sk )

=odE] Akl A oF 100km = W&ol fIAsta s 1,950me] sHepate]
AutatAl et A GEFS F @3 3lkn FE73kne] BFLE ] Aotk Ad &
B2 B sk 200melste] siFA iz A dA WA 553%F A g
FAANE v FEete] w44 2 AFdoeR o]gHa vk a%E 200~500me] F
ARZE Al AAEA 9] 279%2 HokAY fFAZ ol
A= AT A4 A4 123%= stgolv MAAmRE o] &3ta glom, 1k
1000meo] o] mAA = DA A4 45%S AAA sty kil P Td e A
4 BHewa 9l

2 AT AEANF FAhE AFE 5F Stz NE oF 2k "ozl AFA
o2l AT AFAIY HRomA ARE A oF 12mo] A A st
ArhFig. 1. ¥ A9 A=A o] 7K AFA %252 FA -4 EA
Ao zA A37F e gom wEggo]l wol A HAAYo] Frexl
AAH EAE 7HA A At

AZAHE 20023 10855 2004 8¥7kA] F 298] o] AA o]Fojx o v
W A3 713 Table 194 Hi= npe} o] 11~269 WS ok

impactor) & AFESFITE 7|3 Eete] A TR T 4N
& A8 fsiA TACFM(SF 283 L/min)o] fA ¥ =% xdstglon ¢,

B, mhg % 9 BFoERE 494 IS WA 779 neje] &

A8 WAEH7]) 918Fe] PVC(polyvinyl chloride)® o 2 A #|ZF3F shelterdl ol
DAAN AT, Sheltere] A B ApozRE F7]9 9o whaulx] SrE =

_‘IO_



B3 oF 3 Fu AXEHY e vacuum pump®t cascade impactorAlo] =
oF ImA % o|AAA A5 AFH o tist w7 o] HASIHESE At vt
A 23 2= AYTE HE ol&sto 7] Tl BReke w31 F7)

45N
]
Ir/
. e
40N 2 A ~
gy B
KOREA
L .9 )
o }
35N { CHINA ¢ ;.,fﬁ,ﬁ, JAPANY
\\\JGJU island ., {{]“_1{1
-eq ifw
30N sy "= et
1156+ 120E 125€ 1308/ 185€

© 10 5 10 20km
e

Fig. 1. The location of sampling site.
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Table 1. Sampling note

Sample Sampling Sample Sampling

No. Period No. Period
CH1 10/02/02~10/16/02 CH16 09/06/03~09/22/03
CH2 10/16/02~10/30/02 CH17 09/22/03~10/07/03
CH3 11/04/02~11/19/02 CH18 10/16/03~10/30/03
CH4 11/25/02~12/09/02 CH19 10/30/03~11/13/03
CH5 01/07/03~01/23/03 CH20 11/18/03~12/01/03
CH6 01/23/03~02/06/03 CH?21 12/22/03~01/17/04
CH7 02/10/03~02/24/03 CH22 02/06/04~02/17/04
CHS8 02/24/03~03/12/03 CH23 02/17/04~03/01/04
CH9 03/14/03~03/27/03 CH24 03/15/04~04/01/04
CH10 03/27/03~04/10/03 CH25 04/14/04~04/29/04
CH11 04/10/03~04/25/03 CH26 04/29/04~05/14/04
CH12 04/28/03~05/16/03 CH27 05/18/04~06/12/04
CH13 05/16/03~06/02/03 CH28 06/12/04~07/01/04
CH14 08/06/03~08/19/03 CH29 07/12/04~08/02/04
CH15 08/20/03~09/01/03

Table 2. Aerodynamic diameter for cascade impactor
Stage 0 1 2 3 4 5 6 7

S
2 90~10.0 58~9.0 47~58 3.3~47 21~33 1.1~21 0.7~1.1 0.4~0.7
Range,m

Ao Y flste] AH oAt VUi o] eHRS BAT 1 o

ZHA 9] blank FE7F @2 AHE 7FA 3L A= membrane filter(Seoul Science,

_12_



S8l
A= ABEH A - FR 4ABAIZE o] HAAOlE el Hitste] ARl

o

4

0.0Imge] HE=E Ze= AAAEE FAE SAS e, ARxg d3} 59

WAk EFE AL AHYE Astel AR Rl WolA U R F

o WA WMo AR F @ HEE FEA o2 BAe Unx yEe

e

oAl g Vortex MixerS o]-83te] kA 7] 12 MESAFS] 2 7425mm, pore size
0.45um¢! cellulose syringe filterS A}-&3te] o 73k 5 o
Ak BAE Mg E468H7] A7bA] 4TColste WA ek it

FEA o]eAES Na, NH/, K, Ca”, Mgz*, Cl, NOs, SO &5l tjs}e]
AAele A =EE9S Jon Chromatography® .2 431t 2 Ao ALgH
IC(Metrohm, model Modula IC)E= 27H2] Metrhom Modula IC¢} Autosampler=
Al AZAAZ Al xdlom ARE 13] FYsto]l ol Fols A &

A F dEms FAENeH A7 Table 3o Yeb It

_13_



Table 3. IC analysis condition
Pump : 709 IC Pump
Detector : 732 IC Detector
Flow Rate : 1.0mL/min

Cation Anion

Column |Metrohm Metrosep C 2 150 Metrohm Metrosep A SUPP 4

Eluent 4mM HNO;3 1.8mM Na>CO3/1.7mM NaHCO3
Injecti

ruecton 100,L 20uL

Volume

753 Suppressor Module
Suppressor - (suppressor solution
=0.1%6H2S04)

Q1283 F 284 v#Edael 248 2814 microwave digestion A
M-S F83o] CEMAFS] MARS 5S(microwave accelerated reaction system)Z
o] &g AL - AAt A WHS ARESEATE o] WRE 7]E=9] hot plate ¥
of Hlal Alze] @e] Aa, "HE7|e] o]gow A HiIEe E4Ho] HA
ooty Er g2 Azt o] e AIEE Al FEE ¥ 5 o] Ty EAH
of AR AF7tA 4z By T 7P 292 o] tHORD, 1999; US
EPA, 1998a).

i/

ofx]o] B2 EZFWS ol 2 A o] HEZE A Al vesselo] Wil #HAl
(HNO3) 3} d4FHHCDeo] 3:1¢] vj&x ZAY &4t 48 12mL7st 3 nlo]l=
232 zAlst] 108 B¢ 252 175CER 24
[ex]

A7l F AAF] &=

gus R

mlm
g
2
E
_r&l_‘
S
%
ol
ol
X
oK
S
%
&
2,
o
mi
no
ofo
2
rlo

£4E AHgslel FEHow §uEesIdA BmLE EEs] PAE AR
O:]

¥ A (filter blank) A EE AFH A &S A E o 72L& HHo

a3l
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& FEsto] BAsH

AAEE AZF AgE ICPHOE Al Ca, Fe, K, Mg, Na, S, Ba, Cd, Co, Cr,
Cu, Mn, Mo, Ni, Pb, Sr, Ti, V, Zn°ll thste] Z4stslar A=A 2 Al AHE-3
FEEANE AR ol w AeE WS 001-50u/mL, AsE s
< 001~10pg/mL WHZE ZAAY. 2 Ao AE&H ICP-AES(Thermo
Jarrel Ash, model IRIS-DUQO)9] #4] & Table 49 2t}

Table 4. ICP-AES analysis condition

Operation Mode : Simultaneous Mode

Plasma Type : Radial, Axial

RF Power @ 1150W

RF Frequency : 40.68MHz

Auxiliary Flow : 0.5L/min

Nebulizer Flow @ 28.06psi

Nebulizer Pressure : 35psi, 28psi

Air Flow Rate : Outer=16.0L/min
Inner=0.5L/min
Nebulizer=28.06psi

Pump Rate : 130rpm

Detection Wavelength(nm)

Al : 396.152 Ca : 317.933 Fe 1 259.837
K : 766.490 Mg : 202.582 Na : 588.995
S 1 182.034 Ba : 233.527 Cd : 214.438
Co 2 28616 Cr @ 267.716 Cu @ 32474
Mn : 257.610 Mo : 202.030 Ni @ 221.647
Pb : 220.353 Sr ot 346.446 Ti : 334.941
V 1 309.311 Zn : 213.856
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r 6¢HO
r 8¢HO
r LZHO
r 9¢HO
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r ¥ZHO
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© Yol < 3] N
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Sample No.

Fig. 2. Mass concentration of atmospheric PM10 in Jeju city during

sampling period.
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Fig. 3. Seasonal mass concentration of atmospheric PM10 in

Jeju city.
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Fig. 4. Seasonal variations of rainfall in Jeju city during

sampling period.
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condition® 2 <1af AH|2F ¥ AHAErE F243] 247 wliEol 95umy--2
peak”7} H43] vtolx]= Zloz dAdHETh
Table 5. Mass concentration of atmospheric PM10 in Jeju city
No. of Particulate matters in air(gg/m’)
Size Standard ) Particle
Stage Mean o in. Max.
Range(um) Deviation Mode
0 9.0~10.0 4.06 2.65 0.76 12.28
1 58~90 480 2.69 0.95 13.83 Cl‘;agje
2 47~58 2.96 1.50 0.19 6.81 (43.15%)
3 3.3~4.7 5.19 2.06 1.42 9.75
4 2.1~3.3 458 1.70 1.54 797
5 11~21 5.05 2.00 1.06 9.07 Fine
6 0 1.1 6.95 2.60 2.31 12.62 2ol
AL ' ’ ' ' (56.85%5)
7 04~0.7 5.84 2.14 1.06 10.49
Total 39.42
120
: gg:?rﬁer Mass ,'\\
100 —————— Fall I
————— i
- - — |
80 - )
~ |
=)
8 60 -
S
40
20
0
0.01 100

Aerodynamic Particle Diameter(um)

Fig. 5. Size distribution of mass concentration of atmospheric
PM10 in Jeju city.
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Fig. 6. Correlations between cations and anions.

ZlEo g2 ALte Pz uE YERATE g7 xlel digk 7k =84 o] &4
Bol 7)o & 9Fo]Lo] NH, > Na'> Mg®> Ca’> K'&o® goled SO~ >
NO; > Clwoz Yewi AAHozE SO > NO;y> NH,/> ClI'> Na™>
Mg®> Ca’> K'9] <oz yehyrh o5 AE F dol23 Soldx Zzt
N = FEE Uk NH, 9 HdsEs 1.739ug/m & 24 A4 o] A&
o] 43%2 AABAIL SOL 9 FEE 5072ue/m O REA AA Lol AR 529%
& AR
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K ca’*
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Mcf*

NO3
34%
S0,2”
53%
Cations Aions
NH,* K’ Caz;rvlg%
00 2% 00
13% ?/4%

38%

Total

Fig. 7. Mass composition of water-soluble ionic components in atmospheric

PM10 in Jeju city.

Table 60 2t2te] o2 E5e] AXY =5 Aol YehAdrh. ol

Fol 2ol A 247t b Ee FEE HolE SO % NHy 9 AdY FdsEs

o

)
Ag> B> 45> /Mg Fo& YEEth NHy 9 2% B3 Age FdAe
2 TR b @ ghe e e w164
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9] zo]E B vl Matsumoto(1984)= th7] oA NHz¢ NH, =2

g A3, NHysew A5 =3 Agdd wtow Adusoe] 2 v NH, &

A\
ol

H
rr

ALl b EAR 1 MES A Ao ®ud v vk SO F ALH

e
=2

M ES FEES Bole A2 ASEH I T d¥er dv] Fol SO

oifl
Lo

Table 6. Statistical summary of water-soluble ionic components in
atmospheric PM10 in Jeju city(zg/m’)

Season Na" NH,/ K Ca* Mg” ClI NO; SO/
Ave. 0940 199 0259 0161 0.713 0921 3472 5.448
SD. 0330 0453 0055 0046 0209 0502 0642 1.751
Max. 1661 2943 0371 0.255 1.045 1.892 4.366 7.847
Min. 0584 1529 0.179 0.110 0413 0.299 2429 2.314
Ave. 0.898 1445 0.129 0.095 0.227 0.615 2.423 4.820

Summer SD. 0195 0365 0.054 5 0.058 1 0.110 0.242 0.546 2.053
Max. 1.019 1944 0.178 0.156 0.360 0.860 3.086 7.748
Min. 0606 1.115 0.056 0.039 0.090 0.348 1.754 3.137
Ave. 1456 1276 0.241 0540 0.361 1.703 2.881 4.113

SD. 0241 0273 0035 0549 0149 0491 0426 1.508

Spring

Fll Max. 1836 1.752 0362 1440 0.656 2450 3.654 7.283
Min. 1.083 0952 0.144 0.114 0201 0989 2305 2618

Ave. 1276 2074 0396 0392 0582 1.719 4195 5.778

) SD. 0255 0941 0128 0249 0402 0309 1466 2.196
Winter Max. 1609 4.016 0626 0.857 1154 2105 6.620 9.327
Min. 0860 1497 0251 0.183 0.161 1.323 2.220 3.900

Ave. 1158 1.740 0.269 0312 0517 1287 3339 5.073

Annual SD. 0351 0644 0117 0348 0299 0614 1.020 1.867

Max. 1834 4.016 0626 1440 1154 2450 6.620 9.327
Min. 0584 0952 0.056 0.039 0.090 0.299 1.754 2.314
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AA71d AES Na, Cl'e ¥=E B¥ Na = 3ol 0940ug/m', ool 0.898
pg/m’, 7FEol 1.456pg/m’, A&l 1.276pg/m'o]lal Cl & #ol 0.921pg/m’, o &l
0.615ug/m', 7+ 1.703ug/m', Ao 1.719ug/mZ 712, AL 15 EE
B ot ol AT AnE AHJeA Yetude AT dAEE o=
Agdo s ditxor F&Hol Frtatal, 7o F2#<Q &3jto] ¢ ghalA

A Z7}etA @tk (Carmichael %, 1997). =3k R &2
Ao e T2 FH5 9ste] 245 =d(Chen 5, 1997) A&H 3l

F BolA oot B HEF] o PH ololmEel JF wEal

rl

NO; = A2(4.19pug/m')> E(3.472ug/m')> 7F(2.881ug/m')> & 5(2.424pug/m')
o] £o g Ko AdY =¥ S AS(0.3%ug/m> E(0.259¢g/m)> 7+
(0.241pg/m')> A5(0.129ug/m) o] +o 2 Ve o] F A
Adwstel 2 AgS HYrh

Ca’'s B, o2 71S AL Z+zb 0.161ug/m’, 0.095ug/m’, 0.540ug/m’, 0.392ug/
g9 oz vegon Mg®'E B(0.713ug/m)> AL
(0.582ug/m')> 7+8(0.361pg/m)> o F(0.227ug/m) 9] =o 2 YEltar YA

FEA AR TEEEE F o FAHRE fotsty] fste 7F o] A E
o FEE AHYER FEte] 747 MEER 73 AH4E Fig 89 yEbWth 1
Poll Al B B oj=Ho A$ SOS> NO; > NH,S> Na™> Cl > Mg™> K>

k]
SO# > NOz > NHy > Cl'> Na™> Mg”> K> Ca®'¢ «Az Aol 2#glol
Fol2 FollM= NHy 9 Na 7t $HARCRE Yeldon, Jol FolAE <19

A 7199 AR SO 9 NOs 7F ZFA sk wlFo] A vepdoh 7] {27

Homn
Tzl vk

M
flo

m= 72> AL&> B

V
G

Ca”, 7}&#d SO2> NO;> Cl'> Na> NH,/> Ca’> Mg”>> K', 7

T T8A oA THALF T ole Ul 7HA FHAZEC] AA e HF

829 o]Arolgt}. o]} e A= Fote] mlE <lAE xHol AFE TAHY
5, 1996)01 1 F-ake] slul(Y 5, 1999 o] dde] JdIFs F= o X
I v 2ol 7b Al olE Ao A 2

vCI)__
AR vFel A etk wE B A7 Aejn 2o dto iy ofn
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Fig. 8. Seasonal mass composition of water—soluble ionic components in
atmospheric PM10 in Jeju city.
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Fig. 9. Mass composition of water—soluble i1onic components in atmospheric

PMI10 of stage 0~3 of cascade impactor.
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7] FelA R galE F SOx, NOx, A4 v A=E(mist)$t Z23sle] QA4
NHiNOs, NH/HSOs, (NH1):S045 BA kel Ium olate] wAYgx Felz &A1
t}(Nishikawa &, 1991). o]&1sk #4L di7]2 =9 wj¢ = AA 7 Jon,
710l wE W= sk AR gl o F APHAW vhglR 7]2e] ol

A g ol A ARdew APHT] wo] 7o w2 A& Hd NHy

$04%° K*
39% 3%
Ca2+
2%
M g2+
4%

Stage 4 Stage 5

§0,%”
57%

Stage 6 Stage 7

Fig. 10. Mass composition of water—-soluble ionic components in atmospheric

PM10 of stage 4~7 of cascade impactor.
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webad NH, 9 9749 sE®BEE Fig. 1104 B viel o] 2ida 99
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o P71 SO (ss-SOLN)e Hla g 7192l SO (nss-SO )¢ 7)o g o}
21 & ol g3t 4AHdd 4 Ath(Nishikawa &, 1991).
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A AxAstETe] Mg ow Qs oA dgdd BESA HE AoltHGao
S, 1996, Nishikawa &, 1991; Prospero ¢} Savoie, 1989). & <94 NO3 =

9.5um, 4m 123l 09mPB SN A peaks UERHHEA A At Gt mAYA

A A e Yo BEste AFe g2 AdFdME BuxEa Jrh(Gao
5, 1996; Kim &, 1998; Wolff &, 1986). gt NOs; o 4% F=2xE A4
2 Aurd Alde web m gt 4l 0.9mel A peak®
EIstth A& dol= peak7t A G99 peakst HIE FEoR £
SARE o FHe] Ae 2odAet HwE S u peak”t S

g ol NO3 o 4% Aol A% =424 2% g&4ds 1 & Utk

(e
ot
N
N
o>
ol
ol
X
W

dukd og  wAYA GJo EAE= NOs = NHNOsFHERZ A k=]
(Milford®} Davison, 1987) 7]<°] #¥& 2% UAA NHNO37F Aol =7]
gzl GA FuEo] &Aool BASHA Hrh o E Eo] A EYolelA FAH
Hho] W2 27t 28 o F o] NHNO:;S thH-E2 30~60%7F 3¢s = A
o2 Basti 9tHChow &, 1994a).
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Fig. 11. Size distribution of water-soluble ionic components in

atmospheric PM10 in Jeju city.
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Table 7. Contribution of sea salt to SO4” in atmospheric PM10 in Jeju city

No. of Size Contribution of

ss-SO/*~  nss-SO.* SO

Stage  Range(um) Sea alt(%)
0 9.0~10.0 0.037 0.099 0.136 26.97
1 5.8~9.0 0.057 0.124 0.180 31.44
2 47~5.8 0.032 0.102 0.134 23.84
3 3.3~4.7 0.065 0.140 0.205 31.59
4 21~3.3 0.054 0.170 0.224 24.27
5 1.1~2.1 0.035 0.682 0.717 4.93
6 0.7~1.1 0.007 1.863 1.870 0.38
7 04~0.7 0.004 1.602 1.606 0.22

dC/dlog(Dp)
[}

0 . : o
0.01 0.1 1 10 100

Aerodynamic Particle Diameter(um)

Fig. 12. Size distribution of 55—80427, nss-SO,° in atmospheric
PMI10 in Jeju city.
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peaks Ho]i gith

SO* 9 #FEEAGF e 318~458.028 A AW Eo] UFE vHd

et 9.5mF-ol A peakE WERU = oAb X E Holal 9l
9, K'e= 33mE 7|eo@ 1 o4 iAtelAe siddxte] 938 T2
B gl Ao Ay Fig. 110 Yetd 9738 =¥ s d¥Ry K=
0.9um HLANA FBlg peaks UYERNE o= Hol tfFE wA§AF oo &
Agtar glom mAYga Ao A= K+ g9 v& fFd9del A
b

o =
% g F 9k

Table 8. Seawater enrichment factor of water—-soluble ionic components in

atmospheric PM10 in Jeju city

No. of Size Gl SO~ K Ca”™ Mg*'
Stage  Range(um)  (1.80) (0.25) (0.04) (0.04) 0.12)
0 9.0~10.0 0.87 3.72 1.03 7.19 2.40
1 58~9.0 0.74 3.19 0.70 6.18 3.15
2 47~58 0.65 421 0.81 5.99 3.78
3 33~4.7 0.58 3.18 0.82 5.61 3.37
4 21~3.3 0.48 4.14 1.29 5.9 3.38
5 1.1~21 0.32 20.33 871 8.01 458
6 0.7~1.1 0.81 26434 9613 18.70 13.46
7 0.4~0.7 1.26 45802 13385 1395 9.69
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Table 9. Concentration of trace elements in atmospheric PM10 in Jeju

city(ng/m’)

Element Average Starllde.lrd Minimum Maximum
Deviation
Al 438.584 309.218 103.943 1499.530
Ca 547.506 311.070 81.451 1114.972
Fe 538.343 276.382 118.872 1142.479
K 501.831 297.481 66.602 1174.606
Mg 260.529 130.362 85.221 724.321
Na 1358.354 505.180 525.025 2356.066
S 5980.869 8596.169 865.577 30225.222
Ba 13.497 3.645 6.617 20.887
Cd 0.816 0.398 0.208 1.945
Co 0.450 0.252 0.131 1.103
Cr 9.224 18.525 1.278 96.457
Cu 7.567 2.503 3.005 13.956
Mn 16.864 9.220 1.720 40.389
Mo 1.681 0.625 0.290 2.795
Ni 13.826 14.012 1.833 66.028
Pb 39.452 18.054 8.762 84.024
Sr 3.655 1.990 0.788 10.672
Ti 31.283 15477 9.734 66.921
\Y% 3.804 1.847 0.662 8.521
Zn 81.108 35.526 18.622 155.266
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Table 10. Comparison of trace elements concentrations(ng/m’) in various

cities
Elements This Study Seoul” Los Ang;les Milang)

(USA) (Italy)

Al 438.584 1322 758 1420

Ca 547.506 893 585 1415

Fe 538.343 1001 836 1835

K 501.831 851 237 480

Mg 260.529

Na 1358.354 559 1632

S 5980.869

Ba 13.497

Cd 0.816

Co 0.450

Cr 9.224 6.3 23 7

Cu 7.567

Mn 16.864 34.5 33 35

Mo 1.681

Ni 13.826 33.6 5 5

Pb 39.452 248 84 215

Sr 3.655

Ti 31.283 124 7 63

Vv 3.804 36.2 5 5

Zn 81.108 323 114 213

1) Al 5(2002), mean of 60samples (PMjo) during the anual
2) Chow 5(1994), mean of 11 samples (PMjy) during the summer and fall

3) Marcazzan % (2001), mean of 47 samples(PMj) during the winter and summer
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Table 12014 w@ Z0)
Ahel 83.106% 5 AT 4 Ak A WA dA= Al Ca, Fe, K, Mg, Ba, Co,
Cu, Mn, Sr, Ti, V, Zn, Mg”, SO/ ¢l tiste] =& 217
Abo] 35.428%A W sk fFAE 99202 ek =g
Ay E Adow FoaE

T oA QA= dFdAE TS Na, Na, Cl oA =2 A Fatds 7}
Aw FEake] 14.329% %5 AWat 1fX = 40122 YERTh
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5 27, w9338 A EA AZHbiomass burning)g *33 &

ddoz FAHATG 2 AFoM = FAA kAR OC, EC9 &4 K'& &

Aol ALHANA HEHE Aow ddlA Idth(Hopke, 1985 Song 5, 2001).
dl AR Q1A= Cd, Cr, Nioll A =2 AP Fatas 7HAm T4 11.045%

5 AHs LFA= 30472 Bhuuith Nigl 4= 7P gel 4Exl Ve o

2 markero] ™ (Lee %, 2002; Song 5, 2001) Cd& XE #H7|E 59 A48 #@
Hol] zZith wehd v HA Qo] A= ARF #AH Axd o3 Aty F
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vEbtew olmx oAl wAel sl WA A= A7 23 el
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Table 12. Result of Varimax-rotated PCA for coarse particles

PC'1 PC2 PC3 PC4 PC5 PC6
Al 0.958 0.105 0.122 -0.0838 -0.000 0.037
Ca 0.928 0.043 -0.193 0.002 -0.069 0.147
Fe 0.925 0.063 0.086 0.256 0.026 -0.015
K 0.821 0.224 -0.100 -0.119 0.269 -0.186
Mg 0.839 0.356 0.287 -0.018 -0.030 0.129
Na 0.337 0.881 0.079 -0.112 0.094 -0.010
S -0.020 -0.249 0.024 0.286 -0.696 -0.070
Ba 0.760 0.052 0.035 -0.133 0.232 -0.188
Cd -0.255 -0.101 0.099 0.832 -0.023 -0.290
Co 0.520 0.271 0.514 0.346 -0.146 0.232
Cr -0.128 -0.009 -0.005 0.903 -0.130 0.109
Cu 0.640 0.234 0.361 0.014 0.284 0.079
Mn 0.962 0.119 0.141 0.050 0.033 0.106
Mo 0.022 -0.638 0.117 -0.109 -0.624 -0.135
Ni 0.139 -0.098 -0.129 0.934 -0.030 -0.003
Pb -0.286 -0.170 =0.115 0.413 -0.009 -0.639
Sr 0.696 0.214 -0.139 -0.118 0.198 0.000
Ti 0.945 -0.022 -0.043 -0.197 0.098 0.058
\Y% 0.887 -0.004 -0.292 -0.170 -0.140 0.048
Zn 0.256 -0.414 -0.596 0.176 0.231 0.092
Na’ 0.100 0.947 0.073 -0.035 0.103 -0.039
NH, -0.246 -0.534 0.056 0.159 0.327 0.619
K’ 0.036 -0.012 0.861 -0.002 0.080 0.126
Ca”' 0.438 0.343 0.763 -0.101 0.151 -0.012
Mg*' 0.553 0.054 -0.728 -0.041 -0.121 0.032
Cl 0.254 0.861 0.284 -0.108 0.017 0.103
NOs 0.258 -0.113 0.198 -0.006 0.690 -0.011
SOs~ 0.704 0.323 0.145 0.059 0.021 0.406
Eigenvalue  9.920 4.012 3.093 3.047 1.898 1.301
% Var. 35.428 14.329 11.045 10.882 6.777 4.645
2.% Var. 35428 49.757 60.801 71.684 78.461 83.106

* . Principal Component
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Table 13. Result of Varimax-rotated PCA for fine particles

PC'1 PC2 PC3 PC4 PC5 PC6 PC7
Al 0.948 0065 -0.095  0.000 -0.137  0.133 0.037
Ca 0.821 0.152 0.397 0.082 0144  -0.174  0.009
Fe 0.750  0.153 0.081 -0.096 0.604 -0.032 -0.030
K 0.265  0.733 0.026 0102  -0.006 0.518  0.128
Mg 0.888  0.131 -0.259  0.226 0.101 -0.142  -0.006
Na 0.285 0.035  -0.040  0.829 0.019 0.215  -0.007
S 0.110 0.083 0.099 -0299 0008 -0.767 0.194
Ba 0.335 0165  -0.048 -0.032 -0.141  0.442 0.141
Cd 0.170 0447  -0354  0.146 0.693 0.186 0.028
Co 0.418 0165  -0305 -0.228 0448  -0461 -0.287
Cr -0.100 -0.123 -0.027 -0.063 0.884 -0.130 0.110
Cu -0.009 0234  -0.043 -0.070  0.038 0.024  0.871
Mn 0.684 0.512 0.149 0.184 0.079 0.170 0.213
Mo 0.415 0.115 0222  -0.028 -0201 -0.09 0.618
Ni -0.052 -0.029  0.198 0.088 0.844 -0045 -0.184
Pb 0.052 0.675 0436 =0.009  0.182 0.310 0.216
Sr 0.526 — 0.703 -0114 0178  -0.087  0.203 0.070
Ti 0.815  0.288 0.211 0.027  -0175  0.239 0.160
\Y% 0.517  0.065 0532 -0289 -0125 -0.083  0.086
Zn 0.141 0512  0.719 0.005 0.145 0.249 0.079
Na’ -0.147 0216  0.089 0.877 018  -0.049  0.036
NH, 0.100  0.832 0.092 -0221 0072  -0355 -0.030
K 0227 0839 -0153 0134 -0.084  0.047 0.258
Ca™' 0.401 0108 -0826 0223 -0.023 0.181 0.103
Mg*' 0.448 0.233 0.779 0.193 0.002  -0105 0.121
Cl 0.088 0237  -0.143 0.875 -0.147 0161  -0.109
NOs 0.228  0.866 0.251 0.098 -0.133 -0.116 -0.032
SOs~ -0.053  0.751 0.131 -0417 0168  -0.045 0.154
FEigenvalue 5.794 5.412 3.063 2.967 2.881 1.951 1.612
% Var. 20693 19327 10938 10597 10288  6.969 5.758
2.% Var. 20693 40.020 50958 61556  71.843 78812 84.570

* . Principal Component
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