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Abstract

Twenty four metal, nonmetal elements and 4 major anions in total suspended particu-
lates (TSP) collected at two sites in Daejon city from october to december in 1991 by a
Hi-vol sampler were thoroughly analyzed by Inductively Coupled Plasma/ Atomic Emis-
sion Spectrometry (ICP/AES) and lon Chromatography (IC). These analyzed data were
used to perform a receptor modeling using the Chemical Mass Balance (CMB) for the
source apportionment of TSP sample. Approximately 60% TSP weight in industrial com-
plex area was influenced by potential industrial sources and 25% was by heating fuels
and automobile emissions. whereas a half of TSP in residential area was influenced by
surrounding environment and more than 35% of TSP was influenced by heating fuels.
The CMB model provided source apportionment results reasonably and scientifically with
a minor limitation.
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Table 1. Precision test of SEM—EDX analysis of
TSP sample.

Sample #
Elements| 1 2 3 4

Weight fraction (%)
5  Average RSD*

Na 974 845 795 9.65 976 911 0083
Mg 1.81 1.54 053 213 1.76 1.64 0.244

Al 458 5.09 4.38 4.69 4.18 4.5% 0.067
Si 65.86 64.01 65.10 64.12 65.67 64.95 0.011
Cl 1.66 2.48 2.09 225 2.08 2.06 0.118

K 257 2.87 2.97 254 245 2.68 0.075
Ca 12.36 13.61 14.06 12.74 11.38 12.83 0.073
Fe 1.42 2.03 251 190 1.72 1.92 0.188

RSD Avg. 0.1077

* RSD means a relative standard dewviation (stan-
dard deviation/Mean)
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Fig. 1. Ion Chromatogram of anions in a TSP sam-
ple.
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Table 3. List of source profiles extracted from EPA
source profile library.

Source Source Profile Name
Code

1 ALUFO | ALUMINUM FOUNDRY

2 CDUST | COAL DUST

3 UDUST | URBAN DUST

4 AUTPB | LEADED AUTOMOBILE

5 RDOIL RESIDUAL OIL COMBUSTION

6 VBRN2 | VEGETABLE BURNING

7 CEMEN | CEMENT KILN

8 KRAFT | KRAFT

9 SULFT | SULFATE REMOVER PROCESS
10 HOGFU | HOGGED FUEL BOILER
11 HOGFU | ZINC OXIDE KILN
11 ZINCK STEEL FOUNDRY
12STEEL | FERROUSMANGANESE
13 FERMN | CARBORUNDUM MANUFACTURE
14 CARBO | GLASS MANUFACTURE
15 GLASS | SECONDARY SULFATE
16 SO, SECONDARY NITRATE
17 NO, WOOD FIRED BOILER
18 WOODB | MUNICIPAL INCINERATOR
19 INCIN KRAFT RECOVERY FURNACE
20 FURNA | PAINT SPRY BOOTH
21 PAINT | UREA FERTILIZER
22 UREAF | DIESEL LIGHT DUTY VEHICLE
23 DIESL DIESEL HEAVY DUTY VEHICLE
24 DIESH SOIL DUST
25 DUSTS | AGRICULTURAL FIELD BURNING
26 AGRIC | RESIDENTIAL HEATING COAL
27 COALH |COAL FIRED POWER UTILITY
28 FLYAS |FLYASH
29 UNPBG | UNLEADED GASOLINE ENGINE
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tion Data System (US EPA, 1990)¢)| 4] wj&<% =}
2E Fsiodch Add W& B3 =24 B4 7
85 CMB = dd source profileZ ¥% gldslw
I FeAME 7HER7t 3o dubsa, E=E M2
AR Wi A8 E zZhe e &L HEFold FA
o] gj&s}x] 9o mA] 157) »|wke] source profiles}
< ArAeZ Yoot wdel k= uhg o= Chow
et al., (1991)& awnsled b vd AAE As
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e wer AAE AEstdct. 5 CMB 24
A #AxE7} & R-Squares} Chi Square 2] 9
ol A#E A2sgded Hy-£-2 R-Square g
0.8~0.94}o]all, Chi-Square & 0.7~4.1 Alolo]
A AEEgnh A 24470 F B B3 A&
2 A e dd] 7| EE AEFATE 4).

Table 4. CMB performance test results of TSP sam-
ple

TSP Sampling Date (Dachwa-dong)

CMB (g8 /mYHi 11/25 11/26 11727 11/28 11.29 AwSdps

Results 146.4 178.6 132.7 216.6 156.3 166.1
R-Square 0.85 0.49 0.93 097 0.78 0.8
Chi-Square 2.88 3.06 1.14 0.72 4.98 2.52
DF 13 11 14 11 11 13

AUTPB(g/m’) |46+17 23+20 48+09 17216 10£28 25+£27

RDOIL 12+.21 32+.48
VBRN2 64+14 58=18 13+£2.7 25+11 13+6.9 15£3.2
KRAFT 11433

S04 1140931434 1.6+183.7£6.225x27 29111
NO! 0.5+0.7 49+£1.9

WooDB 14112

INCIN A41+.50 0.9+2.1 03102
PAINT 1.2+11 04+1.3

UREAF 59165 92+31 1401:35 186473 102426
DIESH 28=1.1 20421 20+4.3 57+19 15138
COALH 11438 3.3+1.1 31+£3.8 23+£3.9 6.4+28 21 £4.0

Total Cal. TSP | 109 950 146 213 224 159
Cal. TSP/Mea. TSP | 0.75 0.53 11 0.98 1.4 0.95

X 49 5v CMB Zate] dpf o2y CMB =
2] A EE eplliz R-Square §A= 97)
22 AEA A2 2389 dao] Fre v
Aspelf 4 ArEE zb7he] fdaFe] FrEste] AP
FA4E delde= A2 Chow et al. (1991) % z
o] 0.80]74dd CMB =} Ao AlzAS <l
#3}edct. Reduced Chi Squarety= 2ol oJ=f5 =}
FE & CMBRde| gl 459 Sl wiE
Lo & W g3} #AA7E =l CMBe AbE-s)=
=813 Al A3te] “goodness-of-fit” & veli=
SR A 4o)ut A mde) AEE $edirhi
geH(US EPA1983).

R 43 19914 1149 25948 1149 204779
3by stz FAe 2dd V=g vebd A
olv whaju} Ao s5U7ke] Hy 7] A 2]
f 7ldxelc) tisbs FgstA By £3 dA el
A ZRExhd dubg dgel g vledvis 13-25
%E 59 HHoez AHEHUS woli oF 25% 4

7%

£ v i M L IHEE Yehd 294
o2 84 AEY AR F2 vE, mE A9
2o EAS Azxshes WEFHoE FEE=d AA
60% o|Arel 7] ¥4 Fxol 7ldstn gt

¥ 5% 19919 1249 9d¥E 159 7=)¢ &3
T FA AY W] B39 294 e E el
Ziolny wiAlat A 7U7Y FF 7] £3
9] 244 7|HEE A& 7] E3E A
F 23F FA A9 dHAA g FEeR
HEze BEale] $|xshs Xeoiw wimd F 41
ujgke] Aule] Al Qo FAolt Avlrl 9
2)8k2] ¢ol F2 wFubg A8t ApEA w7) R~
A s 2] st AY¥ N Ge|dr). 1
v} o] Ao & Fxo 34l Fo]o] df7]
A oM HEel HolAM #F FRert & A5
N1 E7t F2=90ed 129 9d #3 A BAM=
VBRN2 Z #A-g&Ao z|Htell 4] &3] Hols FAHE
oluf, U, Folfi5-ol okd] 2ztel 2 Vw7t
AA Jepda 10do)e oA A8t Mel A
A 7]QlEE Aol F 2 wEY oIk F
A 55 10 ug/m*ol| A 42 ug/m’2] A Fo| &
i slddw 1249 13deles otshil 7hr) & E
o] h7|Fell A sate]l o uiy EL ik o]
A7} 44% 5 715 AR e

olz{&dt shit ol WYL W A8, AFA
wW7], B Ao ] LYo Re olyF o
7HA Welg d&g e 9o £ dAFde g
4 ol AAE shte] Wi Yoz CMBRdd 9
Aol 7] oFoll FHibo]&o] 1x 2 2317 29
& ofr]e 7)alstn e FEHE $7F oot o]
x| el = COALH("sh) 3 #AHgAf i 7)7}27) 7
o= Blgo] 18-68%E5 AA|sted T wA]
o1} wjmsle EBo FA Qe F eqdllqon
AR Ha 747k B W7] EA FEE e9ddl
NAEE AEFEes de FAEn UEFFY
A7te) 717} o7} ¥ 52% 5 Ax)sta et
I A=t Aad o3 7| =y 34%F debhiglch

CMB mde o7)dg Fejshs WHo R 24 A
7re] 717k t)y] e dY9S IR vHEE A
E3l= FHAde 3 wd2 PJrislw gloh. 2y
2% 285 ot vdE SEIH Y wE
o ztg 9] vinjE, We] AbS-g 0| wiER] ALEe
e Ao FAZe] 9f gl FAHeE ¥
FAx7t 2 A9E AEstn, A" = s E
4 AREe] FAAEL #HE 9lg ddl 7ldE 4F
Axp= Alg|Ao] b EAl7) 5ot
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Table 5. CMB performance test results of TSP sample
TSP Sampling Date (Moonhwa-dong)
CMB (ug/m?)
Results 12/09 12/10 12/11 12/12 12/13 12/14 12/15 Avg. 7 days
98.5 81.2 93.1 111.2 109/9 113.9 102 101
R-Square 0.66 0.82 0.53 0.97 0.64 0.60 1.00 0.91
Chi-Square 6.55 3.00 7.16 3.17 6.45 2.97 6.26 3.02
DF 14 11 13 14 14 15 14 14
AUTPB ( 1g/m°) 07+£.2 2.0+0.7 6.4+28 28+.06 40 +.08 61+.12 30+.14 23+.71
RDOIL 14+£.05 .08+.03 12+.12 06 +.11 .00£.06 13+.08 .61:£.04 .03+0.02
VBRN2 104 52 11.£8.7 117 +39. 3616 150 + 45 40+8.3 60+ 20
KRAFT
SO, 6.8+5.9 2.4+0.9 22.x7.1 21.+£4.0 30+9.8 39+5.7 12+1.3 12+3.8
NO, 1.8+2.7 706 —19432 —-27+14 —-25+40 6+1.3 2.7+0.9 9+1.2
DUSTS —3.+21
INCIN .08+.09 0.3+£0.2
PAINT 3.1+27 0.6+04 —-31+29 18+0.9 —4.7+3.6 0.9+.33 23+19
UREAF 11.+12.
DIESH 32+6.1 —98+30 3.9+4.2
COALH 25.%2.8 3.3=+1.1 64112 67+8.3 39.+£5.0 43+5.3 95+.04 39+3.8
Total Cal. TSP 142 63.0 104 130 134 80.3 162 114
Cal. TSP/Mea. TSP 1.44 0.78 1.12 1.17 1.22 0.71 1.49 1.13
A 24 Ao WEY4 54 dehlsh
48 = O B DAl WHHoE FIFEY KA Ub
59 FEh BAYT Be) @ Aol F7

A T A AdH FA Agel 4 19914
104 oA 129e] & 7|7k H<t A F LF &
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2498 x4 wel CMB 2o $-g5td
A 2 wMiEd vidRE AR A ohg
e 485 24k
n % —rw°r 23 yFr= 23 77 Sqtd By w
A Aol A HI 216 ug/mPoll M HA 132ug/
mlelgiew HF 166 ug/m*E el gt
Z7 Ado s 23 113ug/mP A FHA 81y
g/m’2 #E% 1 HJF 101 ug/m’olgch
Hatedo) ol ojste] df7) Hale 74 A4
A v|Fog Easte Y4 FH o=
W BE a2 Jeldddd 16% 2 385
oA tha FA7F gt
F HH 2AFY 25 HES 42y vEv
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