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Abstract

Fall-out particles were collected by the modified British deposit gauges at 35 sampling sites in Suwon area from
January to November, 1996. Twenty chemical species (Al, Ba, Cd, Cr, K, Pb, Sb, Zn, Cu, Fe, Ni, V., F~, Cl , NO;",
SO, Na*, NHy7, Mg?', and Ca*") were analyzed by AAS and IC. The purposes of this study were to estimate
qualitatively various emission sources of the fall-out particle by applying multivariate statistical techniques such as
factor analysis, multiple regression analysis. and discriminant analysis. During the study, outlier sites were
determined by a z-score method. Cl', Na*. Mg, and SO.* were highly correlated due to their common marine
related source. Wind speed was the most influential factor for the deposition fluxes of the particle itself and all the
chemical species as well. When applying the factor analysis, 8 source patterns were qualitatively obtained, such as
marine source, soil source, oil burning source, Cr related source, tire source. Cd related source, agriculture source,
and F- related source. As a result of the multiple regression analysis, we could suggest that some chemical
compounds may possibly exist in the form of CaSOs, NaNO;, NaCl, MgCl,, (NH,)-SO,, NaF, and CaCl, in the
fall-out particles. Finally, spatial and seasonal classification study performed by a discriminant analysis showed
that SO,27, Ca?', Cl", and Fe were dominant in the group of spatial pattern; however, SO, C1", Al. and V were in
the group of seasonal pattern.

Key words : fall-out particles, factor analysis, multiple regression analysis, discriminant analysis
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Fig. 1. Location of sampling sites for this study.
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Table 1. Outlier site for measured species flux in each month.

Jan, Feb. Mar, Apr. May Jun. Aug Sep. Oct. Nov.

Particle 15 15 15

Al 4 3 15 26

Ba 33

Cd I 1 33

Cr 15 31 34 22 23

K 22 19 22 8 22 22 15

Pb 25 34 22 25 17 15

Sh 16,23 26 33 8 15

Zn 22 | 11 11 25 12 28 2

Cu 15 8 26 5

Fe 15 15 15 15 9

Ni 9 28 3

v 15 7 33 32.34 4 30

F 34 34 34 34 34 34 33 34

& 22

NO»- 1.2 12

Mo 12

Na' } 31 12 9 25 8

NH.* | 11,31 34 29 22

Mg ! 4 19 8 25 8 17

Ca 19 19 _ 719 19 35 25 19 15
Mg ol 4], Site 12 Zn, NO:~ B! SO2 el ] ol 4] ol @4 27be] A wi o] Amabiz 24
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Xz AMgE AARARTE 0.5 ool - (- #AL e EAl F ool &A Rl dF EAFe
test)2] kA (two-tailed test) 0.8 AFHE p-3k e 93 Al B8d 4 9lgdu}
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Fig. 2. Monthly trend of measured species and me-
teorological factors.
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Table 2. Factor loading after varimax rotation.

Factor | Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8
Mg 0.8776 0.2525 0.0357 0.1329 0.0396 0.0171 -0.0182 0.1218
Na* 0.8757 -0.0411 0.1757 0.0634 ~0.0957 0.0750 0.1753 0.1557
Cl- 0.7927 0.1120 0.3393 0.2467 0.0825 -0.1496 0.1798 0.1940
NO;~ 0.5919 0.3775 0.0966 -0.1651 0.5078 0.1055 0.1336 -0.0717
Mooy 0.5001 0.4451 0.4168 0.0335 0.2932 ~0.1834 0.2645 0.2732
Al -0.1251 0.8478 0.2257 -0.1161 0.1190 0.1222 0.1932 0.0367
Fe 0.1661 0.7339 0.4243 -0.0797 0.0298 -0.0727 -0.0325 0.1669
K 0.4967 0.6928 0.0821 0.0498 0.1951 -0.0102 0.1102 -0.0022
Ca?* 0.5207 0.6536 0.1738 -0.0205 0.0484 0.1329 -0.1198 0.2146
\Y 0.5684 0.6116 -0.1718 -0.0511 ~0.0495 0.1644 0.1400 -0.2132
Cu 0.2363 0.1650 0.8634 0.0904 0.0202 -0.0338 -0.0037 -0.0130
Pb 0.0288 0.1520 0.8030 -0.1281 0.1282 0.1432 0.2263 0.2427
Ni 0.1681 0.2903 0.5994 0.3702 0.0293 0.1468 0.0977 -0.2373
Cr 0.0755 -0.0024 0.2096 0.8548 -0.1024 -0.1180 0.0530 0.0495
Sb 0.0031 ~0.1041 -0.4231 0.7300 0.1054 0.2291 -0.1221 -0.1089
Ba 0.1999 -0.1609 0.1100 0.6545 0.0385 0.4655 0.0717 0.0250
Zn -0.0027 0.1021 0.0752 0.0184 0.9515 -0.0490 0.0022 0.0404
Cd ~0.0052 0.1501 0.0645 0.1207 —-0.0435 0.9287 0.0082 -0.0678
NH,* 0.2395 0.1448 0.1820 0.0303 0.0283 0.0242 0.8956 0.1402
F- 0.4333 0.1590 0.0846 -0.0122 0.0359 -0.0888 0.2005 0.7730
s . . Qil . Cd Agri- F-
Implication Marine Soil Burning Related Tire Related culture Related
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Table 3. Participating contribution of independent variables after muitiple regression analysis. (Unit ; %)
Depen- Independent Variables
dent R?
Variable]l Al | Ba | Cd | Cr { K | Pb [ Sb | Zn | Cu | Fe | Ni | V | F [ Cl [SO2! Na* NH,"|Mg?*|Ca®"
Particle| 2.3 | 2.5 1.2 | 0.9 139 39 6951 1.3 4.510.786
Al 1.5 11.3 62.7 12.3 35] 257 62 0.682
K 1.6 1.3 0.7 94 7.0 3.3 1.7 175.0 |0.727
Cu 3.8 1.5 1.2 5.0 521220 27 4.2 |53.1 1.3 0.719
F- 7.0 3.0 0.9 121755 | 7.0 5.410.676
Cl 08| 06| 04| 19 0.7 0.3 03] 03 164 (777 | 04 0.2 10.893
NO, 1.9 4.4 185 1.0 69.7 | 4.5 0.712
SO 174 0.3 37132105 0.8 :168.0 09 0.8 4.410.839
Na* 1.0 1.3 2.1 1.7 0708 843! 3.7 1.0] 34 0.836
NH, 35 07 1.0 1.0 I.1]28 578.8 0.5 110.6 |0.790
Mg’ | 0.9 0719 39| 04 1.3 71.6 2.3 17.0 10.852
Ca’ [13.7 I.1 1.8 1.9 I.5l65.‘) 14.1 0.759
gel CasO slp719 Hush dagel Agon  @de] SUsihs ded WY 4+ o & A7
AEE opEFAI R NaNOso] Aitee Agt A BRel A¢T Az BREgch
(D3 ()9} 7o) thebd 4 lek (Finlayson Pitisand  $-4) 24X d 3k welx)edol] djsl] 217 shae4g
Pitts, 1986). Tl on, o} 7] o) MegEE UAA A
Wy aEgsE et AERRAFEE ©-F
SO (g) + CaCO; — CaSO, () voe T tds AE g
Y -tes) e Babe] $214F 0.050014 AT Aol
HNO; (g) + NaCl — NaNO; + HCl (g) 2) of IhH R 40 zloj= £ ]z4 oz vehgor} 78
%)= (.210, A FArF (canonical correlation)-& 0.417
F oo g0 yli 3Eo 2
NHy' o] 713 =2 7] g8 zte= 352 SO, 2 g duele ol wat v EE W =
2 (NH)SOS! iaigehe 44 0 wale) 22 g S e L
T ¥ standardized canonica iscriminant
Mol wAR= Agdeeld. ol 9w NaF ;—o £ T}caﬂ} H 29 o] A4
> = | Ei i = =
CaClel AN e 4 A unction® T, rlae TR AT
MA4g Fale] w)x ARS] A sforel 01%51
4.2.3 TEEA n%.ﬁ%ﬁ&vaf;a o) Asr SHUS FolN F49
2 st Re) ARGl AFRHE wRel met  Ssh 7bg BAel A WMeE MAsEd ol
o odgpe ot AE AP §ls wEEME o uLmo ol oo AbYE s
saatalct ol 918l QTN L T ez 4 (group centroids)= EAX o] —0.453, 5 X
wRaglom, A7 AR s FRstel o] 04600900 T Ao FEY 4 ol A
A& Alxslgleh 374 BFS5 98] ARS8 A (cutting score)-= 0.0001 0]l 25313 AEa
1% ) Foz $RAD BAEAE AYsieeh o] WYL AL g 2% vigto s, dFA S
A pUAs Bue Zse BAAGE 1 o sAAYR sdAgos RRaed G%E F
9] ®jedal G or BEE o 71 gy = FEL SO, Carr, Cl, Fe, Zn, V] $o 7 eyt
= A (explanatory power)o] %7 epbgem, o 53], SO2 = mEAHFIEIF A4t
AohE £ dol] BASTh WEGSel HefF H 1577 5hE e uls) 9 B veht
A4E DAY W Wilk's Aghel Hame A7 Aol w2 Wbz Hsleh & Ao ot
29 2R e DY PHE sk o @ A3 Ak g v WA el
W S Seade] 0.001 o4 Fatel 100 Befsh A2E wlmaaasied Wl A3 44
VAU A B ERAA S Bocs Mk AL 09%7 AR B,
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Table 4. Canonical discriminant function coefficients for areal and seasonal cIasstflcatlon
Areal Classification Seasonal (]dssmuduon
- Variables B Unsla;dardizcd Standardized } Variables ) Unstandardized Standardized
SO, -0.213 ~1.577 ) “:9043 ‘ —(.196 -1.173 )
Ca 0.170 0.975 Cl ‘ 0.408 0.810
. cl 0339 0.787 oAl -0.696 0803
Fe ‘ 0.256 0.548 Y 6311 0.733
' Zn 2.226 0498 Sb 3.982 0.627
v -3.839 0477  Pb ~6.806 0313
cu 6.709 0.356 Fe 0.145 0 0.297
K -0.267 ~0.212 Ca? 0.047 0.270
Ba 3 -0, 332 o018 | ,,.,,.Mgl‘ T 0.618 0.245
- ] Cu 4480 | -0230
NH, ~0.039 ~0.193
Na® ~0.122 ~0.168
f F 0.397 0.138
K ~0.043 ~0.032
Ba 0.009 | 0.004
o MCi)nstant ~().523 o - 7 E;;ﬁslalml o ()630 ) " h -
Explanatory 70.90% 83.76%
Power !

FAE AAsdE AHH BRE 530458, 9

2 (6, x«g A& (9, 10, 119)E T3l om, A&
F7} 2L AR SHEMo A Ao B
Ao *l%ﬂ Ealw o] MAV|EL AAH FHE
Ful et st 2b Ak TRAF g Fd
AL ol E 0059 M Ad7ste] AH EREAel
d3tst Aoz A Hch TR 2707 =&

¢ Tgow Al
Aol aageme Sasich AU
- 0.05¢14) sk
1 O i 1,]_5}1,1—017:’
0913051 e
AR v 5o Fon eldoh nEEy £

Waked os) AR HadHAd e # - 1951
o] & ~0.163, 7}& 35lleln], ZAARL 12382
15612 Jehgdo) A™ A R ofgkg 3= 3=
o2 SO, Cl, ALV, Sb. Pb $=0. 2 el o,

s QA AR 838 %7} gutaA Wy

ook & 1BH ¥R MY ¥Ruc ¥ A

volom, sy wd F e 7]
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o) ma gl £ A Ek Asb CaSOL, NaNO.. NaCl,
MuCl.. (NH, .80, Nab 4l CaCly 5] ol 4}adef &
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At At
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)% 1200100 112
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