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Abstract

The purpose of this study was to survey chemical distribution of inorganic elements and ions in the submicron
particles, to characterize qualitatively emitting sources by factor analysis, and finally to reveal existing patterns in
terms of chemical compounds by a stepwise multiple regression analysis.

Total of 141 samples were collected by a cascade impactor from 1989 to 1996. Fifteen chemical species (Al, Ba,
Cd, K, Pb, Cu, Fe, Ni, Cl-, NOs~, S04, K*, Mg?*, Ca’*, and Na*) were characterized by AAS and IC. The study
showed that average seasonal levels of submicron particulate matters (d,<0.43 im) were 18.7 ig/m? in spring, 15.5
ug/m3 in summer, 15.7 pg/m? in fall, and 24.5 pg/m? in winter, respectively. All of the anion concentrations in the
particle were highest in the winter season. By applying a factor analysis, 5 source patterns were qualitatively
obtained, such as sulfate related source, nitrate related source, oil burning source, calcium related source, and coal
combustion source. Finally, when applying a stepwise multiple regression analysis, the results clearly showed that
Nat and Ca?*, K* and Ca?*, NO;~ and relative humidity, Cl~ and ambient temperature, Ca?>* and Cl-, Mg?* and
SO,, Na* and NOs~, and Ca?* and NOs-, respectively, are negatively contributed to each other. As a result of those
statistical analysis, we could suggest that some chemical compounds in the submicron particles such as NaNQO,,
MgSO0;, Ca(NOs),, and CaCl, may not exist on the filter as final composing products; however, other compounds
may possibly exist in the form of Mg(NOs);, CaSO,, NaxSOs, K2SO4, MgCly, NaCl, and KCI. Thus, it must be
necessary to identify differences between the results of above statistical analysis and of the real world by laboratory
experiments.
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2 Iz AEE

w] A §1 A} (ultrafine particles)E& 3 A4 8}ed tri-modal
9] 3= BEE o]Er}(Mueller and Imhoff, 1994). 3
T Xl 3702 2ol el F 7 el 0.08um
o]} 23 e (nucleation mode), |7 o] 0.08~2
um7HA = &3 9d ¥ (accumulation mode), 2]73¢] 2
= 3um o2 A YA}t 49 (coarse mode)e] e}
ghoh dubH o2 Falodont FxodHe] FAEE
njA labet st 2 oA Al Atet Bk

S dad o) AH WEHALT YA
W& F 7hae] WSl o) AdE dAE 7
ARk (Utell et al., 1984). 3 odFoll= 2712] 4]
o] v, 0.2umel| N HAHE How, 7k WHE-
o2 2 A= 2209 (condensation mode)
# 0.7pumell A A S Roln, S5 Sl
T3 wE 3] ¥rts daE A 4F
%3 9 (droplet mode)e] i} ubd, HAdqe szt
52 A4 wiEEHE o A2 A &4, Y
A EAY $& vl A} BdEe] Mgk
o)A BFdA ol o FAoz AAdEo
H.S04, (NH.),SO4, NHINO;, f-718k4 F-o] o] W4
oA F=2 w7 "} (Chow, 1995; Linn ef al., 1986).
7] F #FAg-2 02~0.5ume] Held EA3e
b, SO,9] 7k Abstell o)gt ddukE-s} SO}
AT A A skl AATT B
B} 91t} (Muell and Imhoff, 1994; John er al., 1990;
Linn et al., 1986). )23} 22} PA YA 3shit$-
olvf &z Fubg 5 Y EAe uhAA
& Bopd AHEY) WEel FHHEC DT
HBey] A0, 2 FALES 471847 8
A AHEoz Fo] Qu}(3HRAA, 1997; Chang er al,
1986; Stelon et al., 1981; Middleton et al, 1980).

Submicron ¢} A}E= A S Z lum m|qke] R
& goiol, 72 Azte] BEo e AHo= o
25& 23 A4 Aol Submicron YR A
Al i EEE vlAaAte] &4, el BAY &5
TiaAkel A At B 2] W vlAlgE Bkl
Sl ols) A= d7] F AFATe] A A
Moz fagt Bz wHad 4 e 5A4e) U
(Chow, 1995; Ondov et al., 1990). v| M| #}2] AAE
ol 57 #AAd Hr|edEAE FAHA FA
A Frkel F7zEe) Al FAE FEEIE
go} (4 7, 1999).

FFeh7| B g A 14 AL X

izl A - A =z gr)A
3 QA A7 FYelN FLF WAL H2 gle
W 3EF7IW AF gl sRa=e] ofgfelx WA
Ho| Itk Z, 1990; John er al., 1990; Appel
et al., 1985). £3], submicron ¢ A= 17ke] #A7}=
A AT o] 2 GFE WA R, B 2
717k 01~ 1umd @ 5 YFE7} FHelo} A9 4
257} Har)h Hel 7S i S Fa14)
o} wpebA F-f-33 Foll 53], submicron Y Atel] 3
o) A 4R ety zAY vEE =
Absjol 2% s sorg W} oluh

B odF= cascade impactore]] ¥4 % submicron
AR} (A 0.43um)e) B84 o o] eHRES B
Aol AR, A=Y wEe AR vetslug
shoich wak s BASANY 3 AREAS
HAAH GEH Y-S o]-88te] H7] F submi-
cronsiAe] A4AE YALR FebalaL, 7 4
59 F7led 4 AT F A F A9 4
o] 2AYe e S AAlskzat shdek

2. ATYY U HE

2.1 A|lRS EZF

FAZZE 19883 129 2688 19963 64
114d7=] o), A7| = Gelrjo AT AN
Al gt SAtel M BRAEE Y £
FAAALE ARIERR AZAHAM A&7 2
km, 9 Ae)A F&22 10kmel] $13)3] ek F
Wk wA 231 hao] AZIF7L Jlew 23
ahe. FAEo] AlZdF Y AHFG HAE =
ZAAL FH Qe W1l MEGLE 155
N, 2% 670, 3% 1074, 4% 1070, 5% 5707F $1A 5
I ok 1994371 FAAAY o] AdFH- 3
R dEFEUX el AP glow
Zo] wE TR Y Ao nFHge] FF
. gl

3 7] 982 4 (aerodynamic diameter)el] wha} 2]
£ 4357 9 9542 low volume air samplerg] 9
@A cascade impactor (&2 DylecA}: Model KA-
200)2 o]-23}9i v} Cascade impactor 7} ©+2] X3
A 7L Zr|gEzA o2 8rte] 043~0.65um, 75t
£ 0.65~1.1um, 62 1.1~2.1um, 552 2.1~3.3



Submicron F-f-71e] B A g REe] A dF 13

um, 45HE 33~4.7um, 392 4.7~7 um, 25 7~
11pm, 1 1ium o448} =7} £ v}
9t ©}ql backup o Aol 0.08~0.43 um2} =}7}
ZARh w9 2 DA ke =984 (bounc-
& Hisksr] fa 22w A4 A7 S0mm,
pore size 0.43 ume} 2hod x| (membrane filter) (USA,
Gelman ScienceAl, Model GN-6)2 Al2-3}5 0],
backup &} A = §-2] A -f-o ) (glass fiber filter) (Japan,
Advantec A}, Model GB 100R)E A}-&3)gich B o3
ANML Fslde] backup A HHE QA+9 HAtez
sl od, HIAANE Fr1H ez #alsly] f&) 3
v A& o] 83}k F4 ¥ backup 3 A 8] F5
= 141%e] g

Cascade impactor®] 4 &Ff<4-2 28.3 L/min
o] 3, k- s i FAsd e, 479
TA e oA F8g 2AABE 97 Hg
of 7ol 30 Apojell F-f-i-x1e| HatFs e
gl Flfde]l 25.0L/min o]3t2 43 HeiA
o A5 FH B} AR A BEY AF 347
g2, e daA e e el Raste] gk
7] F AAA R A

2.2 Al8e] Mx{g

Backup «Jx]el] LA % submicronY A} F-7]H 4
A S 9lated, X2 whyd2 vl= EPA7E 19929
109 13ee)] 12A]8F CWA (Clean Water Act)2] mic-
rowave A X 2|HL ZF83}d Questron (QuestronAl,
Model Q-15 MicroPrep)-& ¢|238F &AL Ax]z] H}f

o AHgEtle) o FA- S Teow AT
7hdsle AAZAM HAEY S G5 4 9ddd
2o, 31}3lel| A A4k AHRE| 7L JHs e AAL
& o83 AA T, WA backup HA|F 20mm #|
7} 2] =] (stainless puncher)E& o] 83le] YFPo=z
5HH.9 23le] PFA linero]] ¥-2 ¥ AAF 10mL 2}
dAF SmLE 748t F power 8, 6, 5| M 77} 5EH
Hested 7104 4e FEokch 19 12 F
ARz 24E A1 AR el da) e A
ook A B ARE BAs) AR R
o)A 4°CE H3katelct

&, backup o x|l EA ¥ submicron z}e]
$4 oled¥s B A% AN HE
Y 20 EAHG £ ATANE S 2ol

W

Inserting small pieces of filters
into a Qestron vessel

'

‘ Dissolving filter with 7 ml of nitric acid
and 3 ml of hydrochloric acid
} in vessel

¢

Heating Questron microwave oven with '
power 5 for 5 min
power 6 for Smin
power 8 for 5 min

v

I Cooling the vessel —/

y

Filtering solution with
NO.5B filter

LMassing upto 50 ml with

distilled water

Fig. 1. Procedure for inorganic elements analysis.

into a 100 ml beaker

¢

‘ Inserting 30 m! distilled water into beaker

'

Extraction for 30 min with
Ultrasonic Cleaner

'

Filtering solution with membrane filter
(¢ 47 mm, pore size 0.45 mm)

iv Inserting small pieces of filters

\J

Put in 60 ml polyethylene battle

L

Fig. 2. Procedure for ionic elements analysis.
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HANA 285 $37)2 F2oE S o83
Aet(Aed 3} 5, 1992; Willeke er al., 1993). %= 9]
FEAZE AHAE] 8 FEAZHE 204, 308,
408, 508, 60802 3] 2o 2 Agstad
G FEADE 002 S U A FEY 2
HE 9e 4+ AN ol F oIAE AN AAS
Agstol g 2712 Ydsto] 100mL B o] Aol
Y2 F 255 30mLE 7l o, vlojAE 28
% 23700 Wol 3087 F2eseh 1 e 47
47 mm, pore size 0.45 um2] sterile Z}edx] (Whatman
Ahell ei3}5tn 1 AL Fejodd AAY 60mL
narrow mouth battle (USA, NalgeneAp)el] @o] 4°Col|
A mashe

2.3 FI7(¥x % o|2YEL 4

WA E-33 =7 (AAS, Atomic Absorption Spectro-
photometer, Hitachi, Model Z-8100)Z A}&-3}e] Al,
Ba, Cd, K, Pb, Cu, Fe, Ni & 87 3}5o] oj3] £A
stgdoh B deA] standard burnerE Ap-8-3}o]
air-acetylene flame®] ©2 Ba, Cd, Pb, K, Fe, Cu, Ni
4 2# 3}l 2, high temperature B ol N,O-
CH; flame®] 22 AlS &38}giv) AASS] A3
Ae 2 del AR o= 2 uiekA o W3t 30
(3 standard deviation) 2.2 Al 3600.0, Ba 6100.0, Cd
65.9, Cu 102.0, Fe 122.5, K 3.95, Ni 97.4, Pb 95.4
ug/L9 o

R, £84 oeHEel FET M 99
¢]-2 = 2n}E 73] (DionexA}, Model DX-400)E

Table 1. Analytical conditions of ion chromatography.

T+ & Anion Cation
HA o] Cl~, NOs~, SO~ Nat, K*, Mg?, Ca**
Soation Reagecon Co. MattockrodiCo.
£ Column IonPac ASI12A TonPac CS12
A ¥ | Guard TIonPac AG12A IonPac CG12
Eluent 2.7 mM Nu.C0O:/0.3 mM | 20.0 mM Merhanesulfonic
NaHCO; Acid
Flow Rate 1.5 ml/min 1.0 ml/min
Suppressor AnionSMicroM‘embrane Cation MicroMembrane
uppressor Suppressor
Detector Conductivity Conductivity

I BAGEA 144 AL 2

AHEEREE 12 1C9) AFEAL Yeld Ao
o IC ¥44] Al&s ImLE FYslgdeny g9
(eluent)-2 FF (He)7 k22 wrpiaix g} IC2] 7
E3A = AAS2 &3 9} vl IRR 302 T
sglem CI-, NOs, SO, K*, Mg2*, Ca?*, Na*:=
Z+z} 1.5,0.6,5.1,3.5,0.5, 1.3, 24.1 mg/Lo|c}.

2% 228 4Rz b 1)
Ad A o] W3R submicron YYxfe] &
ARE 2R, 7 A eqte] AL sherei)
sistel chig EARAIY F AR (factor
analysis)2} Al A o}53] ] B4 (stepwise multiple
regression analysis)-2 225} o}

QAPHE AH(EFE FRHYRY T B
2 EAH 29 FHm 29 B FE2E A4
APE a4 dAE FEI o5 ST
MAE 29 TEAL WA BT FA7Y ol
(FA714d %, 1997; Gorsuch, 1983). elA}BA 9] 7] &
Q) weli ARASEAN R 2R 2 g
BA5e) AFRE ool 192 FEU}(com-
mon factor)E #3131 o] FERIALE 7|22 4] 2
A FEFLAE T olHE L ukEgto 2y
HH2 276 =28 o whEAA S Y30 FE
AAt TR AR 7F A E Aol 2
7] QAR HE QAo g FAA o2 =3,
23 o2 FH o] ) T2 W77 9
A <1Ake] 3 (rotation) FAI S Ao} &} B
Aol A= Kaiser (1958)] 2j3) #Al<r¥, QA=
gL 7 A& FAo2 7 dolM 2 ASAlF]
AR je] #HArh Hi VARIMAX 3A9S A}
gatelct Re) A4 AR AAds AR
dutd gl vpH o2 31-f-7k (eigenvalue) S o] L340,
Kaiser (1958)¢]] &J&) 1G-3to] 18} & ASu =
sxz AYsisch

b, HARA S Bdwss] 27 EEUAo
FE e okl oA gaAE o
elx 232) AAHE s BA YIS (el
3 %, 1997; 3 413], 1994; Mendenball et al., 1993).
HEHABAL st BLmao] shte S
4% /3 gle i, aEEAEA e shte 2
Suidel ¥ A ol B Edse A



Submicron B¢} abd 4 W REo| A AF 15

otk BE, HM FAAT] T3 HE Helspr)
o) A2 AR AT AF Y2 E
elo] AMgach B QFolde A F deast
square method)& A}-8-3gi vl w3t o533 4] 9
AR5 Adslr] $ste] FFAAA S (coefti-
cient of multiple determination: R2)-& A}-g-8}¢] v}

GERNARAA] off SPASE ATl F
ANL AUFE AAselol B X AFINE
SRU4E sl 21, slAeE Wt Al
& MEE IR SRS AU g A
2 wAdez gasts BAF A stepwise
selection) & A}-&-3}si o}

3. @3 o n@

3.1 2%le ST EEHE

1989 58] 19963712 A FH A Y=,y 2.1
um), 7] 4 Q240.43 pum{ dy{ 2.1 um), submicron
2Hd 0.43um)e] FAFE ¥ FAAE F5 =
et B&3 84 % 20 AAEEH T 25 B
AgEr 7t AEFSd EYAFE F3te F2H
442 i HRAREE T E AM-EsICh 19899
o = 38 set, 199032 10 set, 1991 3-2 22 set, 1992
HL 19 set, 1993132 17 set, 199432 9 set, 19953
2 17 set, 199632 9set& A A AlBANPLE 141 set
olch. A Ate] S 1989 87.4ug/mi=E. 7}
ZA =2 22E Jehda 199234 339 pg/m’E
Mg 3E xE Hgoen, nAsdAe] AFE
19890} 719 pg/m’2 713 B2 H»EE HT,
1992d¢)) 489 pug/mis 7}A e 2T E By}
A Ak} vl &b 198994 71 & =%
Holohrt AH zhaste 19929 L 7|z o4
za4 F7hehe A%E Eded oe RS
ZH X Gol| A h43 HE EEFAZL 19920 64
FE] #"@A7EA] A& Q17 fEeE Atado
uld, submicron Y A= & HEFHel LE FEE H
gom, A, via ] Ake} wpatrb 2 198936 22.4
ugmE PR L EEE BT 19964 134
nym'z 7 e =g vepdch g, 53
Fxe g 7 BAaFe & AddAvt
34~48%, n)AH| ] A7} 40~49%, 18]I submicron

Az 12~ 17% )

a9 32 &A7|7F 5<% submicron®) A}pel] o &k
FRE /A EAE REs LAY 9 A%
W AgE A8 Hlelt o] 2 12, 1,29
AEHR,3,4,598 £HE. 6,7, 848 AFHE,
9,10, 11¥& 71edz RHsln HYPeTE AA
slEch AdY FEEEE AL =7}
Hdg AMS-F7t §oR Al o Bel AR
A8 AAEI=R s7tste F714 BIeqddu s
el et

Table 2. Average annual concentrations of submicron,
fine and coarse particles observed in the
Suwon area during 1989 ~1996. (Unit : pg/m*)

Number Concentration (1g/m*)
Years of
Samples Submicron Fine Coarse
Mean 22.4(12)*  71.9(40)* 87.4(48)*
1989 38 S.D 15.1 41.0 63.0
Min. 6.6 14.5 10.4
Max. 87.2 195.0 249.1
Mean 16.8(14) 53.7(43) 53.8(43)
1990 10 S.D 6.2 22,1 22.8
Min. 11.6 313 26.9
Max. 28.0 103.0 94.2
Mean 18.2(14) 59.1(44) 56.2(42)
1991 29 S.D 4.4 13.6 17.4
Min. 10.6 31.7 28.9
Max. 29.0 823 86.5
Mean 17.3(17) 48.9(49)  33.9(34)
1992 19 S.D 5.7 18.3 12.0
Min, 29 6.4 5.7
Max. 28.3 84.5 51.6
Mean 17.2(14) 55.9(47) 45.8(39)
1993 17 S‘I_) 9.1 27.8 25.0
Min. 3.0 8.2 5.1
Max. 46.0 135.4 102.9
Mean 20.0(16) 55.0(44) 50.8(40)
1994 9 SJ_) 9.3 18.0 19.8
Min. 114 34.6 25.2
Max. 35.7 78.4 78.7
Mean 20.5(17) 61.1(50) 41.13%)
1995 17 S.I_) 10.0 31.0 16.9
Min. 10.7 27.2 16.3
Max. 49.0 1359 78.7
Mean 13.4(13) 51.9(49) 39.9(38)
1996 9 S.D 3.0 19.8 15.1
Min. 93 31.7 26.5
Max. 18.3 95.1 74.8

* : Percentage of mass fraction.
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Fig. 3. Seasonal average concentration of submicron
particle in the Suwon area during 1989~ 1996.
(d, <0.43 um)

3.2 7|exe SZTEEHY

77} & cascade impactor®] backup o X]¢]|
A5 BAS AL 2 A e]dlal AASE F71¢
A0 =%E BAslet 24382 Al Ba, Cd, Cu,
Fe, K, Ni, Pb & 87 8Zo|t} §7)2] 7234549 A
o AAE AE¥FS ® 3 Pk o AlE
Jge 7zt Al8e] MFAEgTS 2F Y F 4
A AR PR Yy Aredrelt A4y F
AT Al 79, B3 041pug/m’, Bax 7H&
He) 048 ug/m®, Cdx= A&7 7}&el 0.01 pg/md,
Cu= HLAHo 0.069 ug/m’, Fex= A& 0.049

=49)

pg/m’, K= A-gHe| 0.68 pg/m’, Nie o FH|
0.112 pg/m’, Pb= 7-2Ao)| 0.049 pg/m’S2 713
¥& 22 el

2% 4= AAE, 98 submicrony A} (d,{ 0.43
um)F Fr19Ae FERAFE EAEFITAR
AAsl =4 Aeleh 28 4 (a), (b), O F=

o AYs 3ol WS TULE A7 LR
Aolth 2, 29 (@A Al Ba K Jwbdoz A

ol ¥& FEE Byod AlY AS AYPAY F
Hell 231 22 BEEFAPL & 9 ¥ ¥EF
B9, B3] g5 A Al ez ANE FAH
79%—54 199413 o] F2] =7} Fokch b, F£3
7185 Held Badl Af FAAHCNN =L A
t&ﬂs}ml Fstgek 19 4 (b)el|A] Cu, Ni, Pb:=
1989de] ¥& FEE Btz FA Fisigle
=, 1996\l ohA] Frhsle AsS Helx gl
a7 (©ellA Feg] A% A-ER 5571 & F2
2 ‘*1%}51 2lgen, Cdo] A$E & M%) de
7185 Hol gl

3.3 O|2MEe S=REHY

ICE o]€3}ed Na', Ca?*, K*, Mg?* 5 47 35
o] <ol 23} SO, NOs~ CI° 5 37 52] Fo]&
A stk 29 S 7 oFel2el it A
EAS vepd Aojok Nat, Kre d#2 #&

o
=

e
[~

Table 3. Average seasonal concentrations of inorganic elements in the submicron particles (d, <0.43 um)
during 1989~ 1996. (Unit : ng/m?)
Al Ba cd Cu Fe K Ni Pb
Mean 409.8 3827 76 68.3 36.0 473.0 93.0 262
Sori $.D 459.8 236.0 9.1 102.9 306 3243 87.7 194
pring Min. 15.5 138 0.3 0.4 19 54.1 0.5 0.8
Max. 2150.1 825.3 315 3552 1854 12119 362.0 86.5
Mean 360.8 4512 72 375 36.8 470.6 (12.0 16.1
s ) S.D 305.9 309.7 6.4 38.4 298 394.2 105.4 9.8
umme Min. 93 5.6 0.0 0.5 26 420 03 0.8
Max. 1221.1 896.0 196 116.7 1375 12311 348.1 39.4
Mean 2372 480.4 102 273 37.0 446.7 61.0 27.1
Fall S.D 247.6 2414 14.5 436 36.5 229.7 69.8 119
a Min. 123 1315 0.2 0.1 59 362 0.0 4.5
Max. 840.9 937.8 63.9 164.4 192.8 7922 2035 48.0
Mean 377.6 469.5 10.1 69.2 48.8 676.7 100.9 49.1
Winter SD 308.9 2542 10.3 124.1 333 567.5 95.0 32.1
1ote Min. 46.5 340 0.4 0.2 52 6.9 0.4 15.8
Max. 12508 11124 495 562.6 1519 27201 312.0 182.6
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Fig. 4. Seasonal average concentration of inorganic
elements in the Suwon area during 1989~
1996.

A3} Bl & FERE vehhR QA 27

199195} 199498 AT A& ¥ BT

£ iz glek Catte gl M 22 v
2 Veh3 gioh Mg2te] 9= 19904, 1992+,
1994312 AgH 7134 & $5F Boli g2
19913} 19932 o B, 199512 73 o
¥ FEE Ve gtk

A7l AHE-8 backup A= A Fod A
2 AR EHA] 7FAAF SO0 A SO2-2E A%
Hakse] 2a7l EAF oz AlRFo, B
AT2AF M= A WS A4 5 9
t}. Milford and Davidson (1987)¢l} )3}, A| 2. F %)
Z SOl A SO 2 20% A% wWEhe] o] Folxlct
I B33 wl ¢lth Chevone (1986) o 2]3)d,
SO 9 HIeE: AFAYL 1~5Sugm’, TAX

2 10~30ug/m*e)ni, Daisey (1987) S )3},
EA| A 1.2~ 142 ug/mPe] E=HYE By} B
AT A SO = 199296 128ug/m'E HITEE
Z velidsh 13 62 A" Seoleo AW
Tx A%E Jebd Aotk NOy, ClI $ol& 5%
T AL B3 A5 2 FG AEHETE B
o] 31 glom, Him, SO o] &2 o FHe] 3 7}&
Aol vle] AR ¥ FEIE Hol AU,
Wolff (1986) 52 &4 FH3}g ub-go| 23 SO,
7} H:SO. 2 825 o] SO sizte] AAdo] wi2A
APt 2o v}

NO;- 2] Z$: 1989d3€] 1996747 0.88~
1.53pg/m*e] HeleA 2 WFe] g TS B
o] it UAMY AArY EA X A9 EHe 7}
22 Aake]l ETAF T x| EHel Hl YA A
At 9] i o Fol] B 2 A-E ETFE 4 9loH,
53] NOs & 7|&0] W3 FE7} £ AelA
257 Zrgen g8 Qel(Witz er al., 1990;
Milford and Davidson, 1987; Dunwoody, 1986). 13
6o 2j5hd, NO. 2] AAE $E+ Adae o
22 ALAS B ¥& 3AE Rl glor, o
ol A FEE Helx Yot

Clr2] 7% 1990 de) 0.22pug/m3e 2 Hx 49
T =5 vehd e 19956 0.97 ug/m'= H1
AG T FEF viepdol Daisey (1987) 5o 9)3},
EAAML Clrel ExE 02~-63ug/me] {9
ovhil B3k wp gich Al e AL
FEE Byoen 58 7 @2 EF YE
Wz glek 1996 ALAe| 1.92ugm’2 Ha
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Fig. 5. Seasonal trends of cation concentration in the
Suwon area during 1989~ 1996.
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Fig. 6. Seasonal trends of anion concentration in the
Suwon area during 1989~ 1996.
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TSR Xé";h:} B dFell A= NHo & 233
?%%‘txl 3 AA-200A1e] F_A RS NHINO,
NHCI 97 S 2& Addsad YA
AR AAE S GEF ol sl Adsled
NH.NO;E 3 A3l (Aneja ef al., 1984), 33}31 u}
22 AAE 7]A4 HNOs8} NH:8] 7 ub-g-o
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Table 4. Communality and eigenvalue after factor

analysis.

Variable Cﬁ:]lnn; U Factor %lzﬁiz" P&;‘Sf (i,lil:q
Mg?* 64630 1 3.89947 22.9 229
Ca?* 84055 2 2.48101 14.6 375
Na* 78467 3 1.78620 10.5 48.0
K* 76431 4 1.61107 9.5 57.5
SO42- .80140 5 1.32459 7.8 65.3
NO;~ 66321 6 1.15242 6.8 721
Cl- 88678 7 87870 5.2 77.3
Al 59267 8 77280 4.5 81.8
Ba 88937 9 59397 35 85.3
Cd 47977 10 55037 3.2 88.5
Cu 64143 11 52122 31 91.6
Fe 52893 12 43125 2.5 94.1
Ni 71225 13 .36075 2.1 96.3
Pb 82185 14 25965 1.5 97.8
Temp.* 65418 15 17456 1.0 98.8
R.H** 10552 16 10577 .6 99.4
W.SH#x 84157 17 09620 .6 100.0

* : Temperature
** : Relative humidity
*#% : Wind speed

Table 5. Factor loadings after VARIMAX rotation.

Factor Factor Factor Factor Factor Factor
i 2 3 4 5 6

Mg>* -.19498 48631 —.38714 40981 —-.23114 .02330
Ca?* 22409 08659 -.45622 .64471 38494 10424
Na* 82722 11716 -.15565 ~.12462 —.16539 .13980
K* 56179 18548 04097 ~.47319 43370 —.02469
502~ 77430 17879 -.20097 20286 .29510 .03547
NO;~ 15606 .77986 .02620 ~.01227 .12754 —.11648
Cl- 48832 ,70105 —.22931 -.21830 ~.22092 .08836
Al 02395  .14207 —.10506 —.74808 .01852 —.03019
Ba 05964 11160 —.11943 02222 92604 .03237
Cd 54827  .11520 23133 26024 —.11834 ~.17510
Cu 02617 15071 77254 13092 -.05745 —.02786
Fe 63554  .03303 24080 -.12559 .21157 .07354
Ni 00543 —.12801 .80389 ~.16465 —.12816 —.07788
Pb -.00394 56476 .58473 .10135 .31063 .23281
Temp. —.10476 —.77836 —.11501 08172 -.12933 .02710
RH -.18364 —.45664 —.11745 25514 01848 .61971
W.S  -.17959 -.07240 -.00392 .03763 —.02896 -.89544

Refuse Coal Meteoro-
Burnin Com- Combus- logical
€ bustion tion  Factor

Implica-  Coal  Incinera-  Qil
tion Combustion tion
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Table 6. Results of multiregression analysis for cations and anions using a stepwise selection method.

Dep.Var. Multiregression Equations R?
Mo+ 2.01%10734+0.05[Ca?*]-1.43%1073[ SO2-]4+0.01[NO;"1-0.01[Ba] -0.08[ Pb] 0.52
& +5.30%10[K*] :
Cart 8.59%107*-0.52[Ni]+0.03[SO,2-]1-0.05[Na*]+3.83[ Mg2*1-0.05[Cl-1-0.05[ Al] 0.81

+0.18[Ba]-0.11[K*]-0.05[NO;"] ’
. —0.29+1.05[CI-]+0.1[SO.2"]-1.04[ Ca?* ] -0.43[ NO;"]+0.02[ Temp.]+0.92[ Ni]
Na 0.82
+0.18[K*]
K* —0.19+0.89[Ba]+0.11[Na*]+0.39[ Al]-0.89[ Ca2* ] +0.04[SO2"]1+0.12[ C1-] 0.73
SO~ 2.07+2.21[Na*]+14.6[Ca>*]+15.3[Fe]+2.48[K*]1-67.3[ Mg?*]+2.02[NO;" ] -2.1[Ba] 0.83
NOs:~ 1.64+0.62[C1-1+8.36[ Pb]-0.02[R. H]+3.71[Mg?*]+0.03[ SO, 1 -0.23[Na* ]+0.01 [ Temp. ] 0.59
o 0.24+0.2[Na*]1-0.02[ Temp. ]+5.65[ Mg2* ] +0.16[ NO;-1-0.43[ Ca?* ]~ 1.2[Ni] 0.83
+0.02[S0,-1-0.35[Ba]+0.23[K*] ’

A&kl em], R?3ke] 0.8 o[4ko] & wi7hx] Azt
£ HHEEgoh & 62 ool Fole Fztel o
8 f=gt GF3HAe Aol A4 e 2 F
FE3e Wz ARAHE TRl F5HE401
Mg** 9} NO;- ¢l 7% R?9] & 7b7} 0.52 9 0.59
2 gol ez g2 EYAE MoaFglon,
Ca?*, Na*, SO, ClI-9] 7%= 7}z} 0.81, 0.82, 0.83,
08322 pol, BAHP N 2 FHAHE X
ﬁ%ﬁﬂ

= 7t F3) Ao Fedgt SPHSEY F
°:]7]°‘1‘5'€ AAREE Aolt. Fedrjodgolt 7 T4
W] s Fe FHWS A7 A F8

EE ou)sit) upelr], 7)|-8L THuSe) 7 &
YHLE7re] AT L s S5 gl o), &) 83

A& AL ohn, 7 £l 3eby ARAE
Helivtl & S5 gl 2R A dE) 3
100% 2 ZAHA Ewpe] Fodr]o &2 FA]
7 o]t}

F 7oA Carte] A%, 167]9) E'W4 2 Ca?t
s} #eig S0, Na*, Mg?*, CI, Al
NO;-, Ba, K* % 97)¢ic}. o] % SO, Mg?*, Bax
Ca* o] 298] =zhel] ko] oJ&-&, Ni, Na*, CI, Al
K+, NO; v 9 98g nlAle ALz velyol
2, Ca?*o]22] 7% Ni, SO, Nato] z+zt 34.2%,
22.1 %, 20.2%%] Fed7]&E B 53 Mgt
o] &g FHWMPE YL AF, Catro] & 554%
2 ¥& HA9U9E&E Ry Natel A5 O,
SO, Ca?*, NOs;~, %, Ni, K" & 77} w47} #od

e

H e Ni,

A7 RAGEHA] A 14 A1 &

stgen, o] F Cl'7 53.0%2 714 ¥ 7|d&
S BT SO Y Catr} 247t 18.4% 1 14.2%2)
Foi7lol g ehlich. B8] Ca, NOy &= £9] o
$& AE AT el

SO 9] Z% Nat, Ca?, Fe, Kt, Mg?*, NO;, Ba
5 70 5P Besigen, o) F Nat, Car,
Fe, K*, NOy & SO 0] &2] Fx3lel] ko] 33<
Mg, Bar &9 & mA: Ao vehgo,
£3], SO+ & Natel Caro] z+z} 50.7%, 30.6%2)
71 &E B o]F o] &d ¥ ARKS Hrh
NO; 2] 7% Cl, Pb, A &5, Mg?t, SO, Na*, &
5 F TN SHHerE Fosielon, Clrol29
51.1%, Pb7} 23.5%, 18l A=l 2371 z+
2t 6.8%, 5.2%2] 7|4&S vebi ek 53], 4
HaEe Natis 52| g vXe ez e
st old S| A Fejsfof & F2 F 79 34
oA =7} ¥|F NOy o 2] <33E u|x)A|q
AR 11 AREAoll= M2 2] AT (negative
correlation coefficient) 2 X glth= Holt} oj= 3]
HAEA A A5 S (minor variable)el] gk 3]H L
2} (regression error)7} =7] wj F-o]c}

Cl 8] 7% Na*, &%, Mg?, NOy,, Ca?", Ni, SO,
Ba, K* 5 97} W7}t Felsgon), o 3 Natsh
=7} 242t 46.3%, 30.9%2] Foro &S Bt
Cl = Na*, Mg?*, NO;~, SO, Kt S0l f2] oJ3fL,
<= 9 Ca" 3ol &9 JFE P Aoz ve
Wk 53] o FEES 9 dxAEA e AdeA
o o, Cl's 2x9l & A4 AAE RoiF



Submicron ¥-£319 #HeH 24 9 Fxe] B A7 21

At Clrol -2 7] F UAHAL Hbgel o3
o8] dFAE o3 wWel RauHgded, O&d
A dbgr) el e W) FelA W dAdAe
3 ghe}(3HA1A, 1997; Mamane, 1992; Finlayson—
Pitts and Pitts, 1986).

2NO,+NaCl — NaNO;+NOCI 1
HNO;+NaCl — NaNO;+HCl )
SO,+ 8% 91 A} (NaCl, MgCl,) — Na;SO., 3)
MgSO,+HCI
HNO;+MgCl, — Mg(NO3),+HCl (@)
S0,+CaC0; — CaSO, (5)
S0,+MgCO; — MgSO, (6)
HNO;+CaCO; — Ca(NO), @)
HNO;+MgCO; — Mg(NOs), (8)

AR B F4FAEN AAE B8 4+
T 4% AL A7) Baziele] Aapel A Ao
7b ek &, QA Gl A 8t SH A}
¥ submicron F-%19] 33t EAHf| A, ofeo]2-7He
EA 7Ved EF9elAl Nat¢} K+, Mgt s} Ca?t 52
M2 cke] AL vz o whd, Fol oM
S0 3 NO;, NOs 3} ClI" o] M= k9] plHo}
A9k Nats} Ca?t, K3} Ca?, NOy 3 A FxE,
Crst e=e Mz 5388 59 %S vjA &
3] Ca¥3} Cl-, Mg2t3} SO, Nat3 NO;-, Ca*t 3}

NOs &= 2 3¢t B9dxLz dejal i "=
A T8 T GE vHG F 4 (1), Q2. 3),
(6), (MM AAEZ et NaNO;, MgS0,,
Ca(NQ3); -2 CaClL 2} &7 submicron = e] 2
g 7FeAdel wig A EAEAG. gk, o) 3}
P22 ARGl FHFTYAAE] ohd FHSEY
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£ NOy, SO, CIF S2 451185k Mg(NOy),,
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AAEEAM EA4E ¢ UdSE SAAHeE g9 4
UKk A7l BAA FEo) st AREME T
3 galzligle] Mo g Ao R ARHY EFHLANES
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AN g FURAF 2o 1988 129 269
HE 19961 69 1194 7}A] cascade impactore]] ¥3
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Table 7. Participating contribution (%) of independent variables after stepwise multiregression analysis. (Dark

boxes denote negative contribution) (unit : %)
Independent Variables
Dependent Total R?
Variables | Mg2* | Ca** | Na* | K* [SO2 [NOy | C" | Al | Ba | Ni | Fe | Pb |Temp.| RH | (%)
Mo+ 28.8 1.6 9.1 52
& (55.4) (3. (18.0) (100)
7.7 17.9 81
Gt 9’5 @2.1) (100)
Na* 07 | 15.1 435 3.4 82
(0.8) | (18.4) (53.0) @.1) (100)
K 224 5.7 1.0 73
(30.7) (7.8) (1.5) (100)
} 254 | 421 ] 58 45
502 (30.6) | (50.7) | (69) L 63)
B 2.7 14 30.1
NOs™ 4y @ | |61
- 5.8 363 | 21 | 17 | 35
(5.9) “63)| 25 | @) | 42
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