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Source Apportionment of Suspended Particulate Matter

Masayoshi Karasawa, Hitoshi Mizuta, Yuzo Kawai, Hiroshi 1to, Takeshi Kogiso
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Abstract

A chemical element balance (CEB) method and a factor
analysis (FA) method were used to estimate the contribu-
tions of particle sources to ambient suspended particulate
matters (SPM).

The SPM samples were simultaneously collected at four
sites around Nagoya City in November and December,
1990. Elementsand ionswere analyzed using an organic
element analyzer, ICP-AES, AAS and ion chromatography.

The contributions of six mgor sources ( soil, sea sat, heavy
oil combustion, iron and steel industry, refuse incineration and
diesdl engine) and secondary particles were calculated by the
CEB method using seven elements of elementa carbon, Na,
AlL K, V, Feand Zn. Nearly 75% of the SPM can be accounted
for by primary and secondary aerosols. The contributions of

diesel engine, secondary particles and soil were considerably
large. On the other hand, those of iron and stedl industry, heavy
oil combustion and refuse incineration were less than 5%.

On factor analysis of the data of 16 samples for 15 chemical
components, four factors wereidentified. These factorswere
associated with not only source types but aso weather condi-
tionsand regiona features. Therefore, it is necessary to take
thisfact into consideration in estimating source contributions
from the absol ute factor score. However, the FA method is
very useful in determining the source apportionment of the
SPM in the areawith no source profile data. Since precision
of the source contributions cal culated using the CEB method
depends on the reliability of the data of source emission compo-
gtion, it isextremely important to accumul ate the source data.
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A : Nagoya meteorological observatory
Table 1 Some features of four sites.
Sites Mean value Population Manufacture  Distance
of NOy density production  from a coast
O Mikuniyama — 159 14 33
0 Kasuga 47 2864 8.2 20
0 Nagoya 48 6586 16.6 95
O Chita 32 1671 245x 10° 5
ppb nkm*>  yen/km? km
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Table 2 Source profile data used in CEB method ( unit: %)

Soil Seasalt Heavy oil® Iron® Refuse’ Diesel®

A n A n A n Aj n Aj n Aj n
Cee 111 08 00 591" 451 0 0.0 2.8° 21 68 519
Cao 00537 03 0 00 78 409 0 0.0 1.2° 6.7 10 560
Na 19 41 304 656 1 22 1 22 12 259 0015 00
Mg 0.43 nr nr nr nr nr
Al 6.06 782 000003 00 0.21 2.7 1 12.9 0.42 54 0061 08
C” 0031 00 551 643  0.092 0.1 34 40 27 315 0066 01
K 26 103 11 44 0085 0.3 1.3 5.2 20 796 0037 01
Ca 385 357 12 111 0085 0.8 45 41.7 11 102 0061 06
Ti 03 522 <000001 00 0074 129 01 17.4 0.09 15.7 0011 19
\Y 0006 0.6 <000001 0.0 092 976 0013 14  0.0027 03 000075 01
Fe 227 117 000003 00 0.46 24 16 82.6 0.61 31 003 02
Ni 00099 12 <000001 00 049 605 0.29 358 0014 17 00018 02
Zn 002 03 <0.00001 00 0.04 05 52 65.7 2.6 328 005 07
Po 00058 02 <000001 00 0033 1.0 14 41.4 17 503 0049 14
NO,” 0.006 0 0.65 nr 0.2° 0.085"
soZ 0039 01 78 119 288 439 144 219 12.6° 19.2 2 30

nr: no report, a ref 9), b:ref. 13), c: ref. 14), d: ref. 11), e: ref. 12), f: ref. 15), g: ref. 10)
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Table 3 Sampling period and weather conditions.

NO Period W (m/s) RH (%)
RUN1  '90.11.24-25 (Sun.) 17 66
RUN 2  '90.11.27-28 (Wed.) 1.6 82
RUN3  '90.12.1-2 (Sun.) 30 58
RUN4  '90.12.4-5 (Wed.) 26 65

W: Wind speed, RH: Relative humidity.
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Fig. 5 Distribution of SPM concentration.
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Table 4 Chemical element balance of Nagoya aerosol on RUN 2.

Chemical element balancesof SPM  Sample No: 901127-28 Nagoya

Contributions [ ng/m’]

Total conc. [ ng/m’]

Element  Soail Seasdt  Heavy ol Iron Refuse
PM 9700 900 2300 3100 1700

Tracer
Cae 107 0 1400 0 48
Na 185 263 23 44 208
Al 589 0 5 31 7
K 253 10 2 41 346
\% 1 0 21 0 0
Fe 220 0 11 499 1
Zn 2 0 1 162 45

Other
Cao 5 0 180 0 21
Mg 42 0 0 0 0
Ca 374 10 2 140 19
Ti 29 0 2 3 2
Ni 1 0 1 9 0
Pb 1 0 1 44 29
CcI- 3 475 2 106 467
NO; 1 0 15 0 3
SO42’ 4 67 663 449 218
NH,"

Diesel Second Calculated Observed
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Table 5
(@) Factor loading and eigenvalues. (b) Varimax rotated factor loading.
F1 F2 F3 F4 F1 F2 F3 F4
Cae 0.924 —0.352 —0.030 —0.016 Cae o 0.818 0.192 0.400 0.334
Cao 0.899 -0.354 —0.196 -0.012 Cao o 0.830 0.180 0.262 0.427
Na 0.830 -0.045 —-0.454 0.124 Na 0.577 0.332 0077 0O 0681
Mg 0.845 0.469 -0.167 0.063 Mg 0239 o 0.754 0.262 0.522
Al 0.811 0.096 —-0.286 0.451 Al 0.312 0.293 0336 o 0810
K 0.965 -0.124 —-0.192 0.028 K o 0.709 0.373 0.303 0.501
Ca 0.911 0.375 —0.054 0.029 Ca 0.336 o 0.726 0.368 0.447
\% 0.861 0.051 0.411 0.164 v 0.376 0389 o 0778 0.205
Fe 0.778 0.579 0.035 -0.223 Fe 0212 o 0918 0.259 0.189
Zn 0.801 0.086 0.455 0.281 Zn 0.259 0.337 o 0.834 0.239
Pb 0.890 0.284 0.131 —0.290 Pb 0.482 o 0.773 0.366 0.099
NH," 0.935 —0.269 0.067 —0.200 NH," o 0.833 0.335 0.398 0.161
ClI” 0.928 —0.246 0.221 —0.048 (o o 0.725 0.284 0.580 0.172
NO;~ 0.906 -0.123 —0.198 -0.322 NO; o 0.817 0.487 0.119 0.242
so” 0.916 -0.262 0.258 0.042 SO 00685 0229 0 0643 0.205

Eigenvalues 11.66 1.28 0.95 0.61
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Table 6 Average contributions for each emission source
type by factor analysis (FA) and CEB method.

(unit: pg/m?)

Source CEB Factor FA
Diesel 174

Refuse 09 Do.g F1 21.2
Secondary 12.6
Iron 21 F2 39
Heavy oil 13 F3 8.6
Soil 6.5
Seasalt 0.8 |:|7.3 F4 20.6
Unknown 12.8 0.05
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