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Abstract

A total of 328 ambient PM-10 samples was collected by a PM~10 high volume air sampler during the periods
of February 1997 to February 1999 from Kyung Hee University at Suwon Campus. The samples were analyzed for
their bulk chemical compositions (Cu, Fe, Pb, Mn, Zn, Al, Na®, NH;+, K+, Caz+, Mg?*, Cl-, NOs~, and 5047} by
both an atomic absorption spectrophotometer and an ion chromatograph. The purpose of this study was to develop
a receptor methodology for quantitative assessment of PM-10 sources. The data obtained from this study were ex-
tensively examined using the target transformation factor analysis (TTFA) and the chemical mass balance (CMB).
When TTFA was initially applied seasonal basis, five sources (such as automobile—related, sulfate-related, incine-
ration, soil, and combustion-related) were identified both during winter and fall, Since the total number and the
type of sources were resolved by TTFA for the four seasons, CMB was employed to cross—check the results of
TTFA. The total of six source categories identified by TTFA was intensively investigated on the basis of source
profiles acquired from various source libraries established both in Korea and abroad.

The results of this study showed the applicability of two popular receptor models as a new methodology for
quantitative assessment of PM- 10 sources in Korea. Seasonally segmented data sets with the combined application
of TTFA and CMB yielded a physically reasonable source apportionment result and provided a mean to increase
the number of potential sources. Furthermore, this study suggested the possibility of the CMB application to ambi-
ent data from Korea after identifying potential sources through traditional factor analysis.
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Fig. 1. Flow diagram for the study procedure.
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Fig. 2. Variation of PM-10 concentration in Suwon area during the whole study periods (Feb., 1997 to Feb., 1999).
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Table 1. TTFA estimated source profile for each source.

{a) Winter=>5 Factors

Element Souce-1 Source-2 Source~3 Source-4 Source-5 Contrib.
1 Zn 205E-02 979E-01 J00E+01 A25E+03 444E+02 AT3E403
2 Cu A33E4+02 443E+01 238E402 BO0FE+01 J90E+-01 A494E4-02
3 Fe JABE403 358E4-03 3S51E+03 S61E+03 A85E+03 156E+04
4 Pb 214E40t 211E402 A33E4-03 246E402 H19E+01 A87E+03
5 Al 21EA+03 309E+03 245E-02 J74E+03 J97E+03 149E+04
6 Mn 275E4-02 164E+01 JBIE+01 209E+4-02 373E401 616E+02
7 Na* A92E4-03 J14E+03 903E4-02 184E+00 108E~-03 100E+-04
8 NH,+ 262E+04 9B4E+03 A415E+04 906E-+02 B5BE-01 J785E+04
9 Kt JSIE-+03 S60E+02 234E+03 B11E+02 J160E+02 T18E+03
10 Mg2+ ASIE+03 A47E4+02 267E+4-02 282E+02 A93E402 270E4-03
11 Cu2t A34E+00 JO2ZE+04 J129E+-03 A47E403 297E+03 189E+04
12 Cl- ATTE403 S56E+-01 J25E+04 TF62E403 140E4-03 A64E-04
13 NO;- A91E-+04 366E+03 AS7E+04 A5TE+04 JO6E4-03 T53EA+04
14 5042 837E+04 HBIE01 B95E-03 113E4+04 S04E+01 951E+04
Source Sulfate Combustion Incineration Automobile Soil
(b) Spring = 5 Factors
Element Source-1 Source-2 Source-3 Source—4 Source—5 Contrib.
1 Zn 230E-02 J367E4-03 J10E+02 A25E+02 A36E401 A21E4-03
2 Cu 623E+01 Z212E4-02 B92E+00 J30E-01 362E402 B46E+-02
3 Fe S80E4-00 A28E403 472E+02 J0SE402 J13E+4-04 A32E+-04
4 Pb 101E4-03 268E4-02 H04E4+01 350E+4-01 ASTE+02 J83E-+03
5 Al A32E403 TF51E4-03 289E4-02 O7IE+02 ALIE+03 142E+04
6 Mn 165E402 S562E+00 AS52E401 J98E-01 215E+-02 A01E+02
7 Nat J86E+03 B39E+02 S50E4-02 A00E+02 257E403 623E+03
8 NH.+ T20E+-04 A03E+00 228E+403 J1ZE+03 201E+00 J63E-4-04
9 Kt 233E4+03 858E+02 A23E4-02 J70E4-01 J25E4-03 H65E-1-03
10 Mg2t BI95E+-02 ST2E+02 943E4-01 A195E+402 280E+02 214E403
11 Cazt S53E+03 S40E+-03 AS3IE+02 .180E+4-03 S03E1-02 JBOE+04
12 Cl- L96E+04 166E-+03 276E+03 A54E+4-02 JA20E4-04 362E+04
13 NO;- BI9E+04 37T1E404 S48E-+00 S6TE4-02 B20E+03 J10E4+05
14 50,2 S16E+04 J14E+04 JOBE+00 J03E403 S35E4+04 J18E+05
Source A-N-5* Automobile Incineration Soil Sulfate
A-N-5*% Ammonium-Nitrate-Sulfate Related Source
(c) Summer = 3 Factors
Element Source—1 Source—2 Source-3 Contribution
1 Zn 271E400 394E+03 I53E4-02 A70E+03
2 Cu A17E402 219E+02 J1SE+02 A52E+02
3 Fe 257E403 312E4+03 197E+03 J6TE+03
4 Pb S1E=+02 A06E+-02 AOTEA02 JA32E4+03
5 Al 245E+03 223E+03 H660E+03 J13E4+04
6 Mn HO3E+01 A90E+-02 S10E4-00 255E4-02
7 Na* JI38E-+03 S39E+00 A0IE+03 240E+03
8 NHs* 104E+04 AS0E-+04 A63E+02 SS9EA4-04
9 K+ 948E+02 273E+03 HT4E+02 A435E+03
10 Mg+ 987E+01 122E4-03 336E4+00 J33E403
11 Ca2t 301E+03 GO7EA-03 343E4-03 125E+-04
12 Cl- 342E+03 U83E+403 T20E4-02 S9TE+03
13 NO5~ 382E+04 J75E+04 AB9E — 01 S58E+04
14 S042- A60E-+04 J34E+4-04 253E404 J15E4-05
Source Automobile A-N-8§* Sulfate

oo 71 A whEA] A 17 A28
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Table 1, (Continued).
() Fall = 5 Factors

Element Source—1 Source-2 Source-3 Source -4 Source-5 Contribn
1 Zn 108E+03 L65E-+02 SR6E402 A134E+02 A39E+03 336E+03
2 Cu S558E401 AT9E+-01 895E+01 3HIE+01 219E4-02 413E4-02
3 Fe S9SE+02 S552E+02 A22E+03 T0BE+02 922E+03 A23E+04
4 Pb 228E+02 ALIE+02 A438E-+02 282E-+4-01 A15E+03 196E+-03
5 Al HI9E+02 305E+02 A53E+02 S520E+02 JO4E+03 B64E--03
6 Mn 232E+00 S04E4-00 249E+01 556E+00 J315E4+02 J53E402
7 Nat H645E+02 A454E4-01 166E+00 221E+4-03 A62E+03 J52E4+03
8 NH4* A06E+04 2I5E4+03 JAB3E4-04 S44E4-03 J326E+01 ST2E4-04
9 K+ 994E+02 160E402 J356E4-03 S30E4-02 207E+03 TI2E403
10 Mg2+ 654E -+ L260E-01 A86E+02 H23E4-02 S03E+02 208E+03
11 Cazt A30E—-02 100E+02 346E4-03 H64E4+03 A07E4+04 209E+04
12 Cl- S8IE-02 A37E403 B30E+03 S88E—(1 A51E-4-04 267E+04
13 NO;- 398E—01 186E+03 618E+04 188E-+03 AN74E+-03 GHTIE+04
14 SO 267E404 S86E-02 211E4+04 I64E—-01 278E-+04 JS6E+04
Source Sulfate Incineration Automobile Combustion Soil
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Table 2. Source contribution for PM-10 in Suwon area
estimated by TTFA model.

Season Winter Spring Summer Fall Year
Number of sample 99 100 54 75 328

| ugrme 35 - - 19 14
Combustion % 46 B _ 11 2]
Incineration ug/m? 10.0 0.7 - 1o 29
netneraty % 13.1 19— 15 44
| g 79 75 79 140 93
Automobile | “5, 10.4 98 160 229 142
. ugfm? 1.1 07 - 82 25
Soil % 15 10— 135 38
ug/m? 14.7 97 4.1 42 &1

Sulfate % 194 127 84 68 124
ey | ngmd - 210 158 - 95
AN-S % - 290 39 - 144
ugfm? | 388 355 216 318 320

Unknown % S10 466 437 522 486
Toal ug/m' | 761 763 495 611 658

A-N-8* : Ammonium-Nitrate - Sulfate Related Source

N-S#d eg9e B oFHT 22,1 ug/m?
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Alalate wlay wof == 2l 7]99) NH. 9}
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# AAEE 25 298lez Algfig

2asle) AA #£4 J)od &L HFEANY 658
pgim? el A-N-S FH ¥l 9.5 ug/m? (14.4%),
A= gEeds 93 pg/m’ (14.2%), 349 #=
294 8.lugm? (124%), 27 #AHedY 29ug/
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Table 3. References of source profiles for the application
of GMB modeling in this study.

F PM-10 2449 Agyrl2 3

Source profile Reference

Soil Chow et al.(1992) and U.S. EPA (1998)
Automobile Watson et al.{1994a) and U.S. EPA (1998)
Combustion U.S. EPA(1998)

Incineration Olmez ef 2l (1998) and U.S. EPA (1998)
Sulfate Chan er al.(1999)

A-N-§ Watson et af. (1994b)

b a A B B L S V)

W dofsl RREE KH%‘}E’- e vk B dFe
£ o4 He) 38l Fi 2E FREE @
BT ol && l‘équﬂrf}ml = % 4% ZAlslg
o}, w3} Aele Ao w 'LE——] Eoldg 93}
A7z} 29 U°] marker®] AgE RAAZ 4

U= ez AldC I ® ET8T, PM-
108] A3 #|ge] A&zt87} opyd o]AF, mule] Al
Bz ZA AAEAE 45 Al

3.2.3 @9 7oz "I}

CMB 22| 5 =L R*Fez Agsh=d, R
Zre- b7] ERAg 3 &2 ARx=wol ndg
Anz #4590 JE5Eole] AREE BAE A
o2 A= 08 oAt d FHzle] AlFAde] 9AR
o} (US. EPA, 1998). 2 ¢l Fe]d= CMB 2H& o
4.3} PM-10 28919 7ode g =243}w & 4
8 edMEFRE YHART ALEglen, 2
328702 Amel el 2RYE ST A7 AL
470, 24 84, 424 67, 7F2A 1178 AR:
collinearity TA4| 7} o}7]|Hs] o]5 AnE A|YA|7
of. mdlg s} RGE AEH 076, B4 075, o
=23 075, 7Fed 0730= vjmA A AAEg]
ol oleld ATt gAY eddvFEA T
A28 7} ol =2 ARE e9dd=E
Taste] Abgdtedr] ez Abasw, TN

FUEFE7E AdEed 2o ARz A
2 oz sawd, i Arldes 2dad
9 24 A4L Hew Aaddt

Table 4. Source profiles (mg/g) used for CMB modeling in this study.

Soil Automobile Combustion Tncineration Sulfate A-N-5#
Cu 099+ 0.10 439+ 044 000+ 001 134+ 0.13 203+ 020 000+ 001
Fe 306.46 £ 30.63 5009 501 3005+ 301 226+ 023 45501 4.55 Q00 001
Mn 561+ 0.50 577 0.58 000x 001 017+ 002 152+ 0.15 000L 001
Pb 4.4+ 044 8.53%+ 0.85 036+ 0.04 000+ 001 340+ 0.34 000+ 001
Zn 416+ 042 2065+ 2.07 1270+ 1.27 106941+ 10.69 564+ 0.56 000+ 001
Al 460.75146.08 3887+ 3.89 2835+ 284 257+ 026 4105+ 4.11 000+ 001
Nat 722+ 072 000+ 001 3293+ 329 67.87+ 6.79 2793+ 279 000+ 001
NH,;* 178+ 0.18 180.65 + 18.07 5066+ 597 370.19+3702 1138341138 219.18£21.92
K* 2854+ 285 1620+ 162 223.92+22.39 7815+ 782 25744+ 257 000+ 001
Mgzt 1.63x 0.16 000+ 001 3428+ 343 000+ 001 568+ 057 000+ 001
Ca2t 14451 £ 14 .45 5147x 5.15 7482+ 748 2374 024 1293+ 1.29 000+ 001
Cl- 391 0.59 1915+ 192 48.03 1+ 4.80 298212982 53424+ 534 000x 001
NO;~ 6.53+ 0.65 215.621£21.56 3064+ 300 000x 001 8339+ B34 2589412589
504% 2146x 2.15 388.62L£38.86 4242544243 6992+ 699 5779215779 521.88+£52.19

A-N-5*: Ammonium—Nitrate —Sulfate Related Source
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Table 5. Source contribution for PM-10 in Suwon area estimated using CMB model.

Season Winter Spring Summer Fall Year

Number of sample 95 92 48 64 299
Combustion ugm? 3.7+03 35403 2,1+0.1 55104 37403
% 5004 45404 4,103 86+06 55104
Incineration ugfm? 50403 33402 0.7+0.1 34+02 3.1+02
% 6.7+0.5 43403 1.3%0.1 32+04 46103
Automobile ugfm? 74+05 109+07 11005 98106 38+06
%o 9807 14.1+09 21.5+10 152+09 146+09
Sail ug/m? 24+02 1.5+02 0.8=0.1 12+0.1 1.5+0.2
% 32403 20+02 16+0.2 1.8+0.2 22402
Sulfat ug/m? 128+10 99+09 23£03 66107 794107
e % 17.1£13 129%1.1 44x05 102411 118410
A-N-S* ug/m? ARG 8] 17.3£1.5 144+12 10010 13.2x1.2
% 148+15 224+19 282423 15515 197+1.8
Unknown ug/m? 328+35 30737 199423 280430 279+3.1
% 43.8+46 398+48 38.8+44 434+46 416+46

Total pg/m? 749 77.1 51.2 64.6 67.0

A-N-5* : Ammonium—Nitrate -Sulfate Related Source
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Fig. 3. Comparison of source contribution results far PM-10 between TTFA and CMB models. input source profiles
used in the CMB model were obtained from various literatures, not from local experiment.
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