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Abstract

PMa;s fine particles have been collected at the Gosan measurement station in Jeju Island, and the major water—
soluble components have been analyzed in order to investigate the aerosol compositions and pollution
characteristics. The mean concentrations of the components were in the order of S04~ >NHs" >NO;™ >
Na*>K™>Cl">Ca** >Mg**. The major components were SO,2", NHs+ and NOs~, whose compositions were
58%, 18% and 10% of the total ions, respectively. Most of the components showed higher concentrations in spring
season, and especially Ca*™, NO;~ and SO,%~ concentrations were increased 2.8, 1.9 and 1.2 times higher than the
annual mean concentrations. The most parts of SO4>~ and NH4* were distributed in fine particles below 2.1 um
size, but the Ca**, Na*t and Cl~ showed relatively higher concentrations in coarse particles. Based on the factor
analysis, the PMzs fine particles were considered to be largely influenced by anthropogenic sources, and followed
by sea salt and soil sources. In the variations of concentrations as a function of wind direction, most components
have shown higher concentrations notably as the northwesterly prevails.

Key words : PM: s fine particles, Pollution characteristics, Particle size, Factor analysis

Hz].e AX =zXAo ol =7 z} o
* Corresponding author A AR 240 o = Jofl w2t a1
1

]
Tel : +82-(0)64-754-3545, E-mail : changhee @cheju.cheju.ac kr 7He] ZA7}oli} A &9 A&ox =A Jeke n)H

J. KOSAE Vol. 19, No. 3(2003)



2, B8EA AzAA 3 2] U9
Slal A oA Sy egeAe) YR
oz AV 23 YA T} Uk 9ol

AF(80477), AAF(NOsY), S E%F (NHs™), gt
(EC), %71"k42 (00) 5 AHA 71 AEEY 5=
7 AAes gob £ slaA drlededz A
E= 3 9iv} (Lee and Kang, 2001). 32 Shanghai
9} Beijing® 22 =AIXY PMys UAFY] =AS
B 2 23 YAt Ak WAk dEE QR 2
Agke] oF 33% A=, Ab5HE=2] Qingdao | oM
= 50%% AA st 3, A ghisl g 59
AEE F2 13 AR o]FA T Sle Aoz
etz glo}(Yao et al., 2002; Hu et al., 2002). =
PMas 17h8] 52 A3l Babst A4k o] 29] 24
€ 2% ul3 Los Angeles#} 33 Az ole] 7
$ F2 AER 59 olF 294l 9 o7 A
HEo] MAE T glow, AAIAL o] 28] Agn)
7 2~5 xS dehie Aoz zAED Y5
(Arimoto et al., 1996). ¥tdel At (3d=F F 1%)
& deoz Agam ot 39 A5 4% 94
Al SO:8t NOL2| Ain|7t 2: 12 FASE2 24
H]Z=o] =71, Shanghai, Nanjing, Cheshan®] 7-$ 2
AHEAL o] 2-9) ABu|Z}t 44 0.1~0.7, 0.4~ 1.0,
05~0.79 HHYE el Aoz xAED 9
(Yao et al., 2002). o]e w]& $-ejviete] A4 AR
2o iR E +7 D hadel @an AT A
shel Abg H1Ze FAS Fas: 240l B4
AFze] Ay F2 oA LE drE §7% 7
AFo) o|E&stm glar, Mulk AN (A7) 3,265,
2001 7182 F3] uw]slr] w2l AAWEAL o]
28] gl F3o vl 2 Aoz 2HUT. = A
FEx A A2l AT AFLES wob )
SNE A AR A F shdelsh T2 AlF
£x Ak, 3%, 929l FUo) AAs 74 7
oe] ]y J3g vy A B2 e Ae=
=i} (Ro et al., 2001; Kim et al., 2000, 1998a, b;
Kang er al., 1999; Moon et al., 1999; Carmichael er
al., 1997; Chen et al., 1997). = A3 U wAS
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AFm FAFE 374d nAke] A4 $48-(33°
28N, 127° 1TE)& AF= MZE & X He A8l
UL, FHeA A 74 ARG &b Folnt. 1|
MEZ A8 PM,s air samplers 3 ZH] o]y
LAkl A sled A} F s}gde). Cyclone2 v])3- URG
212l model URE-2000-30EHE AR4-3}9low, 37
o) S A 2232 (critical orifice, BGI, DO-
10)¢} 37 = (MEDO, VP0625. 40 Lpm)E Al-4-3}
o Z7]H<%0] 16.7Lpme] H xS 2A3 %Y A&
+ 3%k (Savillex Co., 47 mm) filter pack¥} €|z 2
(Gelman PTFE, 47 mm/2.0 um) LE|E AR&-&le] 24
At FH 2 gRE 6, A% 19 Aoz AHF
stadet. 1997d2] A9 1045E 129747 =57 11
7N, 199831 647%, 1999 517), 200051 6671, 2001
ol =% 81788 AL, 19974 108 %H
20019 LAAA] F 273709 AlgE A sk H)
ZE deje 58T AAzglel Al d A ¢
Elol gepel HE% A=W ¥ 2 AT A
E 2% TS SYT 284 JeNEE
2459 240 A2AY vE FHE AH AF
Wrsle] EMAZLA] —20°C YEAlS mHstgdoh
22128 ¢4 AP 8-stage cascade im-
pactor®} membrane filter (Seoul Science, Mixed ester
of cellulose membrane, 80 mm/1 pm)ZE A}-&-3}o]
20019 E--ol 4 108E 59 8U7R 33,84 5
URE 1597bA] 23]e] AX HHHHA = TSP
F2]-2 high volume tape sampler (Kimoto Electric,
model 195A)5 A}8-3te] 1998 1€¥32E 200093
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A Fo #8464 AL 284 AHSE
2N Zc} dlgkg 03 mLE 78 delg A
&5 30mLE 713k, 223hA1E 7oA 30
A] vortex mixerel| A ¢F 5~ 1027} e} —.—%—’\j
AEE 2247 & 292 (.45 um membrane filter
2 st ol eqE BAHE ARz o4ch
Na't,K*, Ca?*, Mg?t ¢fo] &2 A4 233 =
(GBC, model Avanta-P)©.2, NH;"+ indophenoly
oz BA3Ec = SO, NOsT, ClI° £-0]2-2 ion
chromatography® (Dionex, model DX-500)2.2 +
At 3, B 272 lonPac AG4A-SC/IonPac
AS4A-SC column. 1.0 mL/min flow rate, 50 uL injec-
tion volume, 2.4 mM Na,C03/2.25 mM NaHCO; eluent
ojtf. 2|3 2001 ZHEE BE ol Fo
2-& ion chromatography® (Metrohm, model Modula
IO)2 ZAo) BAs}edr) o] ICE 2702 Metrohm
Modula IC2} autosamplerE EAlol] dZAAZ] A]A
Heoz ANaE 13 FYste FolF $o)2& F
Alel 4 4 =% FASAS NH*, Nat,
K*, Ca?t, Mg?t9] oFo}22 Metrohm Modula IC
(907 IC pump, 732 IC detector)B A}-£-3}ke] Metrohm
Metrosep Cation 1-2-6 column, 1.0 mL/min flow rate,
20 pL injection volume, 4.0 mM tartaricacid/ 1.0 mM
pyridine-2, 6—-dicarboxylicacid eluent®] Z7H o= B
A8tEet. = SO2, NOs™, CI79) 8-0]- &2 Metrohm
Modula ICEZ A}8-3}ed Metrohm Metrosep A-SUPP
-4 column, 1.0 mL/min flow rate, 100 uL injection
volume, 1.8 mM NaHCO3/1.7 mM Na,COs eluent, 0.1
% H,SO, suppressor solution?] 7oz BAsleth

3. dx 3 nH

3.1 PM2s o|M 22Xl B4 ZAx}

19971 10988 20013 12¥7= g =
273702 PMys AlRES A5 HF AFes:
19979 20.0 ug/m?, 19983 13.9 ug/m?, 199913 20.9
ug/md, 200006l 21.2 ug/m?, 200134 19.8 ug/m’o.
2 d=¥E & 3eld Ro|A &= At 13y F
s 200033 20010 MW & e By
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3 o] 7} R-ES ¥ =5 HY PMys u|A 24l
A 44 AR ¥ AA Aoz S04 >NH, T
>NO; >Nat>KT>Cl">Ca’t >Mg?*t 2] = &
o2 velgn. 53] J94 719E e 8
ARES 2x 77t SO2 434 ug/m’, NHs* 1.34
ug/m?, NO;™ 0.79 ug/m’=2. 1 Jreko] z+z}t 58%, 18
%, 10%0) 3L, A o] & AJH =A9] < 86%E A}
Asl= Zleoz zALEgE WbHe| 7]} Nat, KV,
Ca’*, Mg?* 9] 2= 0.34pg/m® v)ke] WeE
P SITE = NO;7/SO, 9] A& vims] £ 2
I PG 02 H==2 ofF A el o] Los
Angeles®} i 2 Ejole] 2~5ef w8 ofF 2t
3, £ Shanghaisl= F-A18E W2 AFx]o9
MR AHg-e] F2 FF F ThAFel 9Esn 9l
& e AAH oz WS RTE 2R
Al 9= Bl dgd steAel U+
(Yao et al., 2002). 8k A} X937 AF= ) 3=t
Ab 1100 122 9 W o2 HARGAM AT
44 A8 =g vaddd Y oE A
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Table 1. Annual mean concentrations of water-soluble components in PM.; fine particles at Gosan and other remote

sites in Korea.

Concentration (Lg/m*)

Year - Site
NH4* Na® K+ Ca?* Mg+ S042" NO;~ Ci~
1997 1.08 0.31 0.36 0.09 0.07 4.68 0.18 0.18
1998 0.96 0.27 0.28 0.10 0.04 3.59 0.38 0.18
1999 1.44 0.40 0.30 0.11 0.08 4.64 0.93 0.30
2000 1.82 0.36 0.33 0.13 0.06 5.21 1.74 0.24
2001 1.31 0.39 0.19 0.20 0.07 3.68 0.69 0.26
Gosan site 1.34 0.35 0.29 0.13 0.07 4.34 0.79 0.24
1100 site 0.61 0.13 0.20 0.15 0.03 2.57 0.24 0.08
Kanghwa! 3.37 0.42 0.57 0.19 0.06 5.35 3.02 0.61
Taean! 0.90 1.35 Q.23 Q.56 0.15 3.83 1.23 .11

Dol -5 (1997) Seiel A A el 4 37T PM.s Ake] 54

A £3 ZFoll o ®el] FRHE Aoz U
At 2AIAG BA1o] AL vl YAt F g, A
At 9 22 23t °J7<M v)-gol AA Y=L 40
~50%% AHAsn e Aoz ZuHIT Y
(Zhang et al., 1999; Harrison et al., 1998; Seinfeld,
1986). |28 AEE2 Yubgoz Ax%
HEEo] =z, A A, S5 F3}e)
b, A 1y W& 5 7|l A &
Aol whel H7)15e] AdTA e Jeke Heol A
Aot A9 e A ARG o)7] i =AA
o9 wlAiatels F o2 EAE vehd ez
Bolo, o}& FHqlslr] $isle] A AL vw
ot 771zl AFAT F 27370 PMas #3014
g2o ¥4 Azg Addz vaste & 29 e
Waleh 44 Fol2o A4S AR ¥ w3
2 Az ool el EF NHi*>Nat>K*>
Ca’* >Mg*t 9] #o2 2AFH T, NHt 9 F57)
7H¢ A vehdth NH TS yxe d37]7F 5t
AW #Fo| 1.00~1.72ug/m’z KT, Ca’t, Mg**
Eo v)3] 2 F=E v, B2 M

24011 =5

T hgos g ¥ ¥EE Bk NH* A
& SR A vis. A A2 5o )
F2 N2E9, NI SASe 295 Y 3

3t A} AEstA FAd 2xo|td (Pio ef al.,
1996; Howells, 1995). -ddl& vl Al 7}
2, o gol= 59 wldEe} AlEe R} =
2 712 og3kom S| o|FofA|WA] NH3e
WA gko] F748le ez el 9o} (Carmichael

g7t EA A 19d A3z

, g2 7] A 843 A], 13(6), 439-450.

eral., 1996). & AT N NH, 557} 2o 742
w3, Agel ol oleie Astsh A AFE
Rk Ca?te Fxr He) 033ug/m’ez 7}A
Ea o EA-d vlE] 5.5, ALl wls) 33 A=
o Z7tele AEE Helx itk AFA Y AA
W F F3e wd Fz BEdE $AME Ade
ulgto] o] £, o Follx= ol W2 FFF A
o] $AE Hezw "}F/]‘"}J« Ut &, kel &

FE AGY vl B, Ageds BF Ad 9t
o] o] R Aoz ehta gl (Carmichael
etal., 1997). 2. BA]Fo| A& B Ca’te] 3
=7} 2rlste AL oleigt Tk ARl 2 A
o2 Bl B3] 3AF odfe] & FHel olg}
o] Ca?*e] Fx7l ZU)ete AL AFA e o]
o] o] 3L wo| Wy Q&L on|FH, &
Hol| 239 i) dhatoz AFAY e K
al5|o] PMys uiAER A= J3E FlX T QS&
on) gk} (2Halal X, 2001; Chun er al., 2001; Husar
et al., 2001, Kotamarth1 and Carmichael, 1993;
Iwasaka et al., 1988). &-0]& A9 AAE H¥ %
T TE SO >NO; >Cl e o2 viehydd.
o] 3 S0.279 ¥ x: vk AR v Y453 ¥
o weg nelw, 2 gkl 58%2) v &g vehd
e} AMERE B 549ugm’E 71 2 %
=2 Ve 3, ez she, JF, AL 47t
3.99 ug/m?, 3.72 ug/m’, 346 pg/m*E A v|LE B
=8 2gvh =AAY9 79 S0479 vEIt o5
o] Z7kel:= wbA NO; , NH4t & 23]8) AL &
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718 = AZFE HolE Aoz ZAEIT ¢l (Lee
and Kang, 2001; Lee et al., 1999). 281} 32AER] ¢4
Me olgdt EAAYHE & AFE e
Roz zAEGT = NOy ¥EE g0 F o
10% J=e) v&z velds, Addzy BAd
1.53 ug/m’=z € A-e] wlsh 1.7~3.14 v =2
g vepigdsh oA 22 94 eeld] o
3 WA T gl SO 9 NO; 9 =7l B
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AES A%, o ZAE AEE=z ERsly
PM,s n| A 2212} =9} vms] B23teh = 39 2
s} zFo] TSP #-Al9] ol A¥T T=& Na*

Table 2. Seasonal mean concentrations (pg/m?) of water-soluble components in PM. s fine particles collected at

Gosan site during 1997 ~ 2001.

Season Statistics NH4* Na* K+ Ca?t Mgt S04 NOs~ cl-
Mean 172 0.46 0.40 0.33 0.09 5.49 153 032

S Max 8.43 2.66 273 241 0.35 20.92 1522 3.07
pring Min 0.04 0.03 0.00 0.00 0.00 0.60 0.05 0.01
S.D. 1.43 0.42 0.42 0.54 0.08 3.61 235 0.46

Mean 1.38 031 0.19 0.06 0.04 372 0.92 0.17

s Max 5.60 125 0.68 0.41 0.16 13.54 11.80 1.16
ummer Min 0.01 0.01 0.00 0.00 0.00 0.06 0.00 0.00
S.D. 1.32 0.25 0.13 0.06 0.03 292 223 0.23

Mean 1.27 0.28 027 0.08 0.07 3.95 0.67 0.17

call Max 476 1.99 1.50 0.32 027 15.99 355 3.06
@ Min 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
S.D. 0.89 0.30 0.26 0.07 0.05 297 0.68 036

Mean 1.03 0.39 023 0.10 0.06 3.46 0.49 0.35

Wint Max 3.57 1.57 0.84 0.58 0.21 9.98 238 1.53
1nter Min 0.02 0.00 0.01 0.00 0.00 0.01 0.00 0.01
S.D. 0.76 0.34 0.20 0.10 0.05 2.36 0.47 0.39

Table 3. Seasonal mean concentrations (ug/m?) of water-soluble components of TSP collected at Gosan site during

1998~ 2000.
Season Statistics NH4* Na* K* Ca?* Mg?* S04 NOs~ CI-
Mean 1.64 1.80 0.48 0.80 0.28 752 273 1.75
Sorin Max 1.99 2.04 0.57 0.96 0.32 8.28 332 202
pring Min 1.28 147 0.42 0.57 0.26 6.78 243 161
S.D. 035 0.29 0.08 0.20 0.03 0.75 051 0.23
Mean 1.40 147 0.25 0.18 0.19 6.14 1.33 0.82
Sumimer Max 2.14 2.06 0.29 0.19 0.22 7.93 1.58 1.20
Min 0.82 1.13 0.21 0.17 0.16 5.18 1.09 0.47
S.D. 0.67 0.52 0.04 0.01 0.03 1.55 0.25 037
Mean 144 1.87 0.41 0.44 0.26 6.36 1.60 1.71
Fall Max 2.00 226 0.62 0.62 0.28 8.15 178 1.86
@ Min 1.10 1.57 025 0.34 0.24 5.15 1.47 1.52
S.D. 0.49 035 0.19 0.15 0.03 1.58 0.16 0.17
Mean 1.24 2.14 0.43 0.56 0.32 639 1.87 222
Winer Max 131 2.39 0.52 0.75 038 759 225 278
Min 0.13 170 0.38 0.46 0.25 5.76 1.63 1.63
S.D. 0.10 0.38 0.08 0.16 0.06 1.04 033 0.57
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A AU EFE 5, 1994; HEe 5, 1990; John et
al., 1990; Appel er al., 1985). ¢]&38 EAYAE= =
7)ol met 3 7A] B A =7} EepA| 7] o &l
g7EE Aag FE AHFsY T AHAE F v=
wsl o] A4S A & "ot gk ol &
Ho g 8%t cascade impactorg AdX|dle] H-G-E
< 4R =ZEE Az R, AHse 4 Y
Hz AEES EAsich 20019 447} 5
3], = 8ol 230 AH AHF 3 31 Fa
ol s UAE = HIE I 17 20 o}
Heldh $4 F A7) Adseg v 25
Eo] 84 uvjd] 4~59e] ¥ HgFE Ho|
o 89el A% 29 3o 2 A2 w7t e
EXo)) ofzke] A7l Sl Aoz Hol o|F 7
AvigtE HAH oz QRAEe ARE] 53
2o 24 =7 88 52 3 Je Aoz
Belch M5 Fo A¥E9 ¢
B SO #F NH,79 ==
AN BT ol FARE
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2] YAl F2 FHEI o)A EEE e
Aoz A o]’ Az nE A 7]
9] SO4, NHsT, NOy” A EE2 2 Ate] #xln
o Ao wlA Al w@e] ExHe &S
B} 4 ST = Ca¥T 3 Nafe] g4 ¥=
e Ak 2 A3 20k AmAdrdd Cate
2.1um o]Ape] zA YAt F2 xFEE oA
FEE B A AR Na® 94 47um o4}
o] zdqAtdd F2 ExHE oz 2AEAG
3 4~5¥0] A AHE By g AR 5
%7} 899l AT W) obF ¥ AFET A
sERA 27 A Baldh e WA 49
10203 149,48 25938 26744 ¥4 A%
A deta jEsge) 71T Aee v o
£ Qs v gHow slgkel K, Mg o)
FES By B3 oEFH EFM KPS SO7,

Concentration, pg/m?

90Up 5890 4758 3347 21-33 1.1-21 07-1.1 04-0.7
Size (um)

Fig. 1. Concentration variations of major ionic compo-
nents depending on the particle size of airborne
particulate matter in April ~ May, 2001.

Concentration, ug/m?®

Size (um)

Fig. 2. Concentration variations of major ionic compo-
nents depending on the particle size of airborne
particulate matter in August, 2001.
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NH, T3} $-A18HA 2.1 um ©]3}2] w]A|3)z}el] =2
FEFH UL, M E 2.0 um o))z Rbel| A
Ca**3} {AHE o]Abe H2& Jepigic). &k o
ANA 718 TSP £4 AAE 7|22 PMys vlA Y
2} (fine particle, FP)A} Eell g+ TSP (total particle,
TP) o) 2AuE mas) & A3 4 JEEe
FP/TP9] ¥]x NH,T, K*, SO,27, NO; 7} 27} 0.95,
0.80, 0.66, 0.562.2 Na™, Mg?*, Ca**2] 0.19, 0.23,
0.24¢] wls] " Z & B o] NH, ', KT,
S04, NOs & A A oz mA3iate] go] $25
I 3lem, Nat, Mg**, Ca’* & e 3Abel] o] ol
Fx23t31 AU&& 9u)gi.

3.4 R84

PMys vjA| £219] A7) &eldla, 21 54
< A7) #ste] BA =23 (SPSS)E o) &
8led @ 9l ¥-A (factor analysis)2 A A5} o} (Seto er
al., 2000, Lee et al., 2000; Olsen ez al., 1990; Crawley
and Sieveering, 1986). Q1% WEE7re] A
[AE o] &3led Az fAR WLE7|E] ReFe
Woez o) o] H4ERS] AR matrixe] A
AR AA kel 45 wrEzte] dAd el A}
91 FEE F U 2A¥A F FHAAY a2
T2 HATRYS 71Fo2 T8 1 o)Atoz A
A3k Ze] dibAelet. et A=A (Scree
testye]rt o] @xell & A4 mfgkol 1 o3t
dA e = Ax FAAE vERd £ gl (iE
3t A, 1999). B AFolME Aol Eyge 7)
Fo2 IRF 08 ]S HA AR A 3le] 37)
9 QAE FE3Y L, o) AS WA AR} F 81.5%
o) A9 wgd HHAA 4+ Agsx
varimax #HWE o] g3l AT AxAAdEF
F 4ol 53k 19979 8E 20013742 A 7
Zroll T3 PMys A R-¢] ed®A Ade my
WA edzlell = NHy*, nss-S0427, 18] 3 NO; 7} &
& A HAzke vehlon] A4 QA 7 41.8%
o 49Ye v} olF HEEE HNAR9 A}
& i AEAR S 2 d9Ae HA Tde
Yetlis AEos o2idt 29 oz At
Hroh 7 s elAlel s CIY, Nat, Mg? 7} 23 o]
1T, AA A F 294%9 AFHL Bgon, o
E AEES A=A AddA] Aol A W

Table 4. Results of varimax factor matrix for the major
components of PM.s fine particles during 1997

~2001.
Component Factor 1 Factor 2 Factor 3
NH,* 0.955 —0.098 0.023
Na* 0.061 0914 0.248
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NOs~ 0.751 0.142 -0.093
ClI- -0.077 0.951 0.036
Eigenvalue 33 24 0.8
Variance % 41.8 294 10.3
Cumulative % 41.8 71.2 81.5
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Fig. 3. Variations of NHs* and SO42- concentrations (Lg/m?) as a function of the wind direction.
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Fig. 4. Variations of NO;~ and Ca?* concentrations (ug/m®) as a function of the wind direction.
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Fig. 5. Variations of K* and Na* concentrations (1g/m?) as a function of the wind direction.
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