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Quantitative Source Estimation of Particulate Matters
in Suwon Area Using the Target Transformation Factor Analysis
Based on Size Segregation Scheme
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Abstract

The suspended particulate matters had been collected by a cascade impactor having 9
size fragnated stages for 2 years (Dec. 1989 to Nov. 1991) in Kyung Hee University-
Suwon Campus. The particulate matters were then collected on each stage by membrane
filters. The weight concentration on each stage was estimated by a microbalance and fur-
ther chemical element concentrations were determined by an XRF system. The study fo-
cused on developing of a receptor model using the TTFA (target transformation factor
analysis) to apportion aerosol mass with the 30 ambient data sets. Each data set consists
of the 8 size-—ranged subdata sets characterized by 13 element variables. Even though a
couple of sources could not be identified, three to five sources were extracted from each
aerosol size-range, and then 9 statistical source profiles were generated. Finally, source
contribution of particulate matters on each size-range could be estimated in Suwon area.
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Foapde Z+E eodgle] Aekr|od X (mass con-

tribution) & AAst=d FLE¢ 4ES s Ut
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E—°c} A, QlARE, §7] - FrlshE A8 "W AA,
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'—:v"é i de Ay rle=E 74F $454E
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Hals e, edd A B ¥ (source profile) & 4
B 5 glo}, 291819 VA EE Ao A
4 oleh. #Aal, QAAFAY L 23] ARF o] 43
= oahgell A, AlEake] 338 wWaE FAlH o4
&} 3~ Q) 2}R-A Y (three-mode factor analysis,
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2.1 AME ZEAR W 9y
782 Al EE 1989 11964 19914 947
A ARIEED WA AFSE 2km, S
Aol A §2o2 10kmel A Y& Az
TRAH L FoAE Sl 9be] opdEA X7
(v]= Andersen4}: Model KA-200)& A x]3}e]
d7AAHE Ak 929 TA = T 30
ﬂza o dzeAlel Bakael o 250 /min ol 3
2 o] 3743 "ol o mAsilch 23719
1de F7198a 2AHo g 043~0.65um, 2%ke
0.65~1.1pm, 35& 1.1~2.1pm, 42 2.1~3.3p
m, 5%F& 3.3~4.7pm, 65+ 4.7~7um, 7T 7T~
1lpm, 85+ 1lpm¥c} & JA7 =g oH,
opAia}l whel backup FeEjel= 0.43um¥Ec} 2HE g}
27 ZAEAC o] 7|7 B MHD F A 89
G 3070 setojry, Zt seti= 9Re| AR o]Fo
] gleh & Adel AMHE-El AR = vl 2wt R
I, vlEk 49 2Ao HAE A 80mm, pore
=27] 0.45um ¢l membrane filter(»] 3 Gelman Sci-
enceAl. Model GN-6)E8- 2}g3l¢lc}. 233 27
T A= dA Aol BAg F dnEHS
shedch.
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X-A 333334 (x—ray fluorescence spectrometery;
XRF)L& x-Al 2 Aol A A" 2 14 x-
o] FAAIE FrEo] FRAA] W AAL
A7 A 2 o] 23Rl & v RAr} 7]A
A2 Ael" o, 221 B4 ZH Ao wEs
= AT 83 x-d9 B34 9 ArE ZH 5y
XA she BAYelc)

B oo AbgEl XAl 3537l d¥E Rigaku
2}e] x-ray fluorescence spectrometer(Model 3063)
ole}, w7 Bzl A5 WARA-E backup filter (<
0.43um)E A g Al 1wkl 8cd7H2 9} mem-
brane o] xA]& =k 2A3lgdc}. Membrane 3]
& AA4E e AANA 4 AA 3em 7R
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A#H3ld holderol]l ¥, 2HH B3¢ v)4kg q}
719 3¢ mylarto g dol g E=Hql 6704
A ¥, AFA A Pb, Zn, Ca, Cu, Fe, Mn,
Si, AL, K, Na, Co, V, Ti 9] 137} 948 =339
o E2AEE vl=e] NISTA #£%F A &aE%d
SRM 1832(Qaiyls 195)2} SRM 1833(dawl s
1207)& AHgstdnh F0e ZEAIE& 0.55ume)
YT oF& oz HerA] 7AFEe (448
Egsts gt o o o]8¥ x-A9] xFA|7

2027} A Aoz 2w® v glel (o]e]AY
ZAE4, 1992).
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2.3 SgppEt
factor analysis)
XRFZ #A4% £A9 stdre A58 $A4AF
4 &7] $3led, Hopke 5-(1983)e] si#g FOR-
TRAN =223 FANTASIA(factor analysis to
apportion sources in aerosols)& ¢]&-3lgdc}. FAN-
TASIAE & A8 fiex} d&de] Bz AF file2
T glom, TTFAY 8§ HslA o8 o
A2l upEaigdo] W ok AWA dA= A A
29 b Aax 43 gHew af-(E-
genvalue), RMS, Chi-Square, Exnergt5-& ol &
e A Azl £EF FAsE Ao
(Hopke, 1985). FHA wil= ZdHst A7
o2 uiEA =gl o8] LU HE vectord: T
st A3 7 5t 3H(nomalization) A} 7] &
A28 B3R vectorE EFAA F At o]
FA o e A3 (cluster analysis)o] o] &%

CIXtE M (target transformation

BES

o} Vector®] #F Ado] B¢ F, 0|58 dAx
299 MHERERE scalingd F, s|ALHol o3
o HAgri g AEsA "ok 229 glAe a
& zaby HEAEC 7|23 TTFAS 88 9
Hatge] WA HAj dAge AR A0
Zaslt), A g FURSAE 29 o}
g AR F Aol edde] vmy Fs)
i, 24 £A7h Hof vl mA o) st
3. 2t ¥ 1nF
3.1 XRFO| 2|8} 3}&tRI42 &5

3070 sete] EF Al Eoll whEte], A IxtelA 8%k
7ha] 7z wre] HFEEe e Si2,420, Fe 977, Ca
958, K 760, Na 391, Pb 237, Ti 164, Zn 152, Al
133, Mn 30, V 26, Cu 21 @ Co 1.7ng/m'sc2.2 ¥
13} zic}, A& o2 AdsEchy Pb, Zn, Cu= 1.1
~2.1yme] HY oA 76.9, 40.3, 4.4 ng/m’e.& 7}
A Ee FEE Ve, 2R3 F gl49
2te} wlg-& viepd F/Tg& Pb 0.80, Zn 0.71, Cu
0.68%A4 v =}Fel A FEstgct. Ca, Fe,
Si, Al K, Na2 g}7d 4.7~7.0ume] #Hejolx 3%
& Hgoew, F/Tge Al 0.16, S1 0.17, Ca 0.18,
Fe 0.27, K 0.35 %! Na 0.4524] Atglx}Zo] |-
A J&E o 5 9ok vk, Mn, Co, V 2 Tig
gAY Fx Ex7se A&t stk XRF=
=45 Baxge] sl glAd FEA
sl olefA (1992) S-ol XmF nf glch

Table 1. Mean concentration of inorganic elements in particulate matters collected on each stage of a cas-

cade impactor during Dec 1988 to Nov. 1991.

(Unit : ng/m*)
Sage 1 2 3 4 5 6 7 8 Fine Coarse TSP F/T
Size | 0.43 0.65 1.1 2.1 3.3 4.7 7.0 >11.0
(pm) | ~0.65 ~1.1 ~2.1 ~3.3 ~4.7 ~70 ~11.0 <3.3 >3.3
Pb 26.0 53.6 76.9 32.9 19.0 12.8 9.3 6.2 189.4 47.2 236.0 0.80
Zn 16.5 28.4 40.3 23.1 14.6 12.2 9.4 7.4 108.3 43.6 151.6 0.71
Ca 8.8 15.4 45.4 102.9 187.5 249.2 208.8 139.9 172.5 785.4 957.9 0.18
Cu 3.6 4.1 4.4 2.3 2.0 1.7 1.8 1.4 14.4 6.9 21.3 0.68
Fe 21.2 43.1 83.8 118.3 184.2 233.5 176.1 116.9 266.4 710.7 977.1 0.27
Mn 3.6 5.1 3.3 4.8 2.3 3.7 2.1 5.1 16.8 13.2 30.0 0.56
Si 27.8 55.5 106.5 216.4 405.0 612.0 590.4 406.4 406.2 2013.8 2420.0 0.17
Al 1.7 2.0 4.8 12.2 23.5 35.0 32.8 20.9 20.7 112.2 132.9 0.16
K 444 61.9 94.8 65.3 107.4 141.1 129.3 115.5 266.4 493.3 759.7 0.35
Na 36.3 40.6 51.0 47.5 54.3 55.6 53.0 52.2 175.4 215.1 390.5 0.45
Co 0.1 0.1 0.2 0.1 0.5 0.3 0.3 0.1 0.5 1.2 1.7 0.29
A% 4.7 4.8 3.2 2.5 3.6 2.9 2.4 2.1 15.2 11.0 26.2 0.50
Ti 11.7 27.9 11.8 225 21.0 25.9 15.5 28.1 73.9 90.5 164.4 0.45
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3.2 TTFAO| &8t @YK J|HT LAt

Bx1e] m7|E 2 FANTASIA 15| & A8 3ty
ot 1A= #A <dAt(factor)E AR sl 7
Yoz, ojmAE FuH Bt 4T 5 3ol %
o A 1SRE A 8wk 7zl AYAD g
Zk(eigenvalue), Chi-Square, RMS, Exner 452
doich 3 28 808 & FellAd A 1%(0.43-0.65
pm)el] g 1A Al Axfe|ch. T4 2+ 3}
9] FapEo] ZA Wolxl T 357 et A
A AA ] Helde 9F HA Y AReE
AEZ F Q72 & Fqvris W& ol &35
doh. AAH AzE AL oo} g Ex:AHQl Q)
g A st Ego] He Yer 23 &
Myjo] ol o] &sH, 17 12 8kFolA 1, 4, 8
cre] 7} 3 o] FAE(degree of similarity) S %
A 8= AL = (dendrogram)e] o},

TFAAeR, A 139 gl A}Re W TTFAS
S8AE datr] Slel, E 2 o4 7 exje]
zlEo] Z qlz} 5/ E AANT 1H 1(A)E o &
shol Qlt 34,6898 TEAW HALIE ol g3}
o Axsch AEAS ol F ARE A o A
23} scaling factorz7} €9 oz AAilzgleor,
ozt A= B o sHo] Erleslr] W
of sfurg QA el # £ gl ohA] 579
THE fAsH dE AAE AFAG F 2 #
gl & ubEalgl o}, Akt scaling factorz}h &2
do.2 A=t ol9f o], Med ZE A Fol

A) Stage-1

B)

TEST 4

TEST 1

C) Stage-8

TEST

Fig. 1. Dendrograms to obtain proper combinations
for a) stage-1, b) stage—4, and c) stage—8.

Tagle 2. Result of dimensionality for the stage—1 samples(particle size from 0.43¢m to 0.65u4m) In a cascase

impactor using TTFA.

. . Average % Average

Factor Eigenvalue RMS Cgi—Square EXNER Indicator Error %
1 1.9254E+01 1.2464E—03 6.7895E—04 765542 1.1992E—03 123.53
2 6.3587E+00 8.0174E—04 3.1743E—-04 488816 9.5181E—04 86.10
3 1.7402E+00 6.9684E—04 2.7355E—-04 .379401 9.3753E—-04 79.43
4 1.2519E+00 5.1430E—-04 1.7193E—-04 274968 8.8422E—-04 69.29
5 7.8632E—01 2.1318E—04 3.4562E—05 .180784 7.8041E—04 57.09
6 2.3084E—01 1.6290E—04 2.4025E—05 141709 8.5416E—04 47.98
7 1.5557E-01 1.3002E—04 1.8634E—04 .107653 9.5397E—04 44.56
8 9.6130E—02 1.0240E—04 1.4499E—04 .079633 1.1132E-03 38.02
9 5.2805E—02 7.0363E—-05 8.9647E—06 .058812 1.4362E—03 39.32
10 4.1876E—02 3.2891E—05 2.7424E—06 .034247 1.7168E—-03 13.20
11 1.6677E—02 1.4106E—05 7,9640E—07 .016202 2.2381E—-03 5.79
12 4.5495E—03 4.0912E—06 1.4143E-07 .003763 2.9404E—03 1.91

3

on do au £

] HEJDAE A9 ek Yoy, BHsee A =
A EAch webd Az £E 4R 9,
Ao dexAg UHAA drzx g2 AjYe A
stelch. HZA o2 A 1o W 244, 47

A} 4,910,128 o] 43l ExHHAL A=
Az}, 7z} ez F Ak} scaling factorz} oFe) gt
oz A4d=gon, ¥ 39 e o4 HERE
£ 4 9ol oY AR ud HAR 7 edd
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Table 3. Estimated source profile matrix for the stage-1(particle size from 0.43um to 0.65¢m) at Kyung

Hee University-Suwon Capus.

(Unit : pg/m?)

Auto Coal Glass Titanium Average Average Average

Element Related Burning Related Source Prdicted Observed Percent
Source Source Source Contibut. Contribut. Error

1 Pb 196E—01 486E—-02 440E—02 .268E—04 .289E—01 .280E—01 23.4

2 Zn 930E—02 TJ77TE—02 213E—-02 .199E—04 192E—-01 A84E—-01 37.1

3 Ca 191E—-02 147E-02 .145E—-02 .687E—07 483E—02 716E—02 102.0

4 Cu 272E—02 136E—02 704E—05 A489E—-05 A409E—-02 412E-02 43.4

5 Fe .117E-01 843E—-02 H69E—03 232E—-04 .207E—-01 222E—-01 116.9

6 Mn .310E—02 122E—02 322E—06 172E—-04 A434E-02 .538E—02 48.8

7 Si .896E—02 112E-01 213E—02 254E—04 223E-01 269E-01 57.0

8 Al .210E—03 B72E—03 .830E—03 .197E—-05 A71E—-02 171E—-02 382.2

9 K 167E—02 A401E—-01 196E—02 A445E—-04 .438E—01 449E—-01 84.6

10 Na 139E-04 .150E—01 253E—01
11 Co .143E-03 .270E—-05 307E—-04
12 v .259E—02 316E—-02 .109E—-03
13 Ti .186E—02 .122E-01 .113E—02

168E—04 403E—-01 405E-01 50.1
.523E—06 A177E-03 237E—-03 35.3
.144E-04 .587E—02 .556E—02 77.9
.101E—-03 .153E—-01 148E—01 87.6

2 o494 A E.(source library) (Hopke, 1985)&
Aasle] HEslg o, #alslr] ofele FYH 2
Ve EAsdc). AR E A 2%YE 87}
A9 EEFAEAME A 1ge] B4z 22 A3z
L& AA, 2xdo| A 57, 3vtellA 57, dxdeljA] 4
M, 5dell Al 57, 6xkel A 370, TxbellA] 470, 8xtol
A 3 5, MAA SR eddE FHE
st

1zt :717} 7 A Al 1A= 49 &
g4dol &=k AA A= FAFNEFE AHE
3= ALEA} A 2.9 9 (auto related source using
leaded gas) 2. 24 Pbe] =7} w}-¢ Eetoen, Fe,
Zn, Ca, Cu, K 94 & F=& 2ok T4 4
Abe Aet FAAIARA duRE B R AHuse
W52 AlE" o o] exle K, Si, Na, Fe, Zn,
PbEo] ¥& F=f& Eich AwA Axl:= Nast
FAlOl F& =9 Pbg #3a Uik duky
22 Mg 2FEY Nad gf3Aq, A=Y
PbE gf3tch wely of oL p oA uE
H vAEAe2A Fafe] FAGA 2 B
AR Aol A vl &5l = Ao g Agsc wiA Azt
+ titanium g2 oi$- F& Ti 55 ¥l
e} o] 24 Ti I AYAMEA TiAlzg A,
3AE, AA sdE A\AgAe Exez AR
o} Al 2ol A& S 2<dde] ReE ) 1=
o 478 ARle} 3 EoFAAZ} Rl B2
2 o481 (s0il source)-& Si, Al, K, Ca, Mg, Na, Fe %
9 laet FA7 Ao, 2wy 4" EF
QA= Si, Fe, K, Na, Ca, Zn9] =% £o|gich

A& (raw data) Huld] 2z Alxx>} oA
Halon, ol ARe e 57 4714 o
st ALEE o}

A 3Rl M EF o8], Hetdr 294, #
7 #A3 eddd, AEA A gy, H A 29
ol Belgdnt Al 4dellME 4749 egle] ¥
gEglow, A5 FHA 29Y, EF 2994, &)
o oY ¥ Ti oo A=) A 5ol
Ae dleF g, EoF 29, A A8 29, Ti
T gyl ¥ 7IE 94 TR edde] Hej=E
ok 71E dAae9d2 o&Fe Ca, Fe, S, Na, VE
ke, 4, TR/ 2 958 d2iEER AR
gk A B3 2dYL Ferle] 7bsiA &=
A 6del M M FA e, 7§ A4 29 ¥
AL eddeor ARG MY 094
< BHE 47, B f A ER g AEA
71 5] ALAHER AlgRHd, Ca, K, Feso] %
2 e A TRl F1EAs 298, &
Bzt eqdql, Eeddyl ¥ dofeduos 24
H9lch spxleteg Aol 2 ¥Alo] L Al
gt e 2ot o9, LAY oyl B 7E
2 UFo] Rellch o 4% 2 2duE Fa)
9 #3sl] slsled FHe Aaekelch(Hopke,
1985; USEPA source library).

oy AR AEAF Z170E 7t eqisdel diat
7AEE 9 & k. & 30 gEeiH 24
w=RFE 2 Azt & X E5E B
& 299 ARAEE %2 Pl o714
de Aaprldxe 7 cholde] EAFegd g

_!l)li

&

2



SR 22 edde] Ay rldx 24 49
WRgo] el &, A 8AFH 717bd E3l9 727 Ly tfBe] Add oMo RA g &g
g 7t edde] AF dEw ULl v A stodch 53 FAabe] o ko] wjwmA Alslydw™ 1990
719y Axg Hgyen gAxch dubxew 3 549 Zele E%}i%‘%ol 56.3%9] 719 EE B
Aa FEeddd, Ae 4 2], Ti A 2 dor, 19913 549 & Alell= vl @ gt 33}
a4 2 #e 4424 .92 vlAg] Aol WAH HALS Hod 42.2%9] 75 E Byl
o] glalen, l?_—a— 2E QA9 3F7) AFE E 4E delA 249 7 71 eddy v
Alof - Aol A3FE FE A9 eddoelch ¥ 525 AHER AR etk HrlHlA Be
W, =3 a7t £°é° 715 #H edd @ e 3, 4, 59, o8& 6, 7, 84, 7l&& 9, 10, 114,
e vlwa glze A7 F sl EAHA A& 12, 1, 292 vYyo] A&t Felld B
th Bokeddgde A9 RE il Resglon, £ vle} o], eko e B, Ml d4 o9
of g gk Qlxt2 HeE g BE 7| el ok de Ahgel, AEa FE eddE AL, #
2AYe FRAREA 20% o] AL AR Fled &)k #Hel 29U e AL, =l 2gdL

Table 4. Source apportionment results of seasonal average obtained from multiple regression analyses for

the 30 ambient samples collected at the Kyung Hee University-Suwon Campus.

Sampling Auto Coal Titanium Glass Soil Ferrous Marine  Oil Field
Period Related  Burning Related Related  Source Related  Source Burning Burning
Source Source Source Source Source Source Source
900309 —900329 19.652 3.892 16.147 41.071 792 9.988 8.458
900330 —900427 7.456 24.415 678 4.170 40.968 .038 .160 8.317 13.728
900504 — 900529 4.913 7.730 793 798 56.332 4.357 13.705 11.342
910307 —-910321 | 21.968 7.351 6.822 28.766 1.606 17.073 16.360
910321 —910408 | 31.445 15.432 1.303 29.498 1.358 018 9.811 11.150
910408 —910422 | 26.451 17.444 735 30.373 1.148 063 12.695 11.078
910422 —910506 | 16.610 14.170 8.573 34.747 1.073 10.330 14.400
910506 —910520 | 11.947 15.530 6.069 42.425 179 066 15.551 8.254
910520—910603 | 12.855 8.102 17.199 9,007 23.964 233 4.959 21.639 2.054
Spring Averag 14.859 14.425 5.118 3,347 36.460 0.626 1.157 13.234 10.758
900605—--900704 7.971 26.707 1.273 10,348 36.167 3.733. 7.864 5.927
900712—-900809 | 25.014 13.436 1.511 9.005 33.698 .365 112 13.840 3.025
900816 — 900915 3.898 23.369 5.790 6.066 32.131 6.058 14.313 6.365 2.020
910603 —910617 | 19.972 24.545 7.374 .080 25.659 768 073 13.202 8.318
910617 -910701 18.340 449 27.223 25.786 3.737 21.202 3.254
910707 —-910714 9.599 9.955 22.692 11.273 24.974 .099 1.882 17.512 1.991
910729—910828 | 18.787 19.505 6.358 4.504 29.492 922 023 7.009 13.391
Summer Average| 12.177 19.408 6.492 9.786 29.701 1.173 3.410 12.428 5.418
891111—891124 23.672 4.458 25.458 26.749 4.668 14.353 602
900922 —901021 4.361 26.036 6.515 6.926 41.416 .064 .169 14.459 059
910828 —910919 | 20.731 18.157 3.682 1.617 31.688 175 .066 12.077 11.787
Fall Average 8.364 22.622 4.885 11.334 33.284 0.080 1.634 13.630 4.149
891125—891209 14.595 112 23.406 28.715 8.697 20.959 3.542
891209—891223 1.326 17.468 1.195 35.230 20.103 6.757 14.105 3.813
891224—900106 15.309 4.078 33.159 34.011 1.264 6.886 5.292
900107 —900120 4.542 21.843 1.543 10.285 36.267 2.411 12.387 10.716
900124 —900209 | 33.433 21.099 3.928 29.345 .045 .029 3.888 8.203
900209—900223 | 25.445 18.984 5.206 30.503 078 043 6.393 13.337
900223 —900309 8.386 15.105 .656 16.676 28.582 15.435 14.140 991
910116 —910129 | 20.529 12.646 396 13.534 25.880 1.706 228 18.392 6.666
910129-910206 | 37.282 4.511 2.988 26.014 3.167 14.461 11.585
910207 —910217 | 40.633 2.751 8.281 25.208 1.881 18.439 2.800
910219—910306 | 18.604 10.761 8.642 33.820 1.107 .056 14.912 12,102
Winter Average 17.289 14.097 3.366 12.027 28.950 0.726 3.174 13.178 7.186
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