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Source Characterization of Suspended Particulate Matter in Taegu Area,
Using Principal Component Analysis Coupled with Multiple Regression
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Abstract

This study was carried out to characterize sources of atmospheric total suspended
particulates (TSP) in urban and sub—urban areas of metropolitan Taegu. The sources
were tentatively identified by a multivariate technique, i.e. principal component analysis
(PCA), and the source contributions to the atmospheric concentrations of TSP were
further estimated by stepwise multiple regression analysis. A total of 5 sources was
identified in the urban area of Taegu (soil dust resuspension, fuel combustion, secondary
aerosol, traffic related aerosol, and refuge burning), while 4 sources were found to be
significant in the sub—urban area as following: fuel combustion/secondary aerosol, soil
dust resuspension, traffic related aerosol, and wood/agricultural burning. The largest
contributor to the atmospheric TSP appeared to be the scil dust resuspension in both
areas. The source apportionment of the extractable organic matter (EOM) was also
carried out for the Taegu data. The EOM was determined with respect to the solvent
polarity, lLe. cyclohexane (non—polar), dichloromethane (semi—polar), and acetone
(polar). In addition, the source profiles for the TSP in Taegu area were estimated using
a PCA —based algorithm, and the validity was evaluated tentatively by comparing the
data in the literature. '
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Table 1. Ambient concentrations (Meant S.D.) of chemical fractions of TSP in Taegu and Kyungsan

areas.

Variable Unit Taegu area Kyungsan area
As ng/m’ 259+ 164 13.0+ 8.2
Cl- pg/md 3.1+ 26 28+ 1.4
Cd ng/m? 48+ 3.5 25+ 2.0
Fe pg/m’ 12+ 0.5 11+ 0.6
K* ng/m’ 710.1 £274.2 702.7 £332.9
Mg ng/m’ 709.7 +£446.6 478.0 £290.9
Mn ng/m? 54.1+ 27.1 50.1+ 24.1
Ni ng/m’ 25.7+ 14.3 16.0+ 10.3
Pb ng/m’ 193.2+101.8 134.9+ 84.6
Se ng/m? 179+ 10.7 8.3+ 6.2
Ti ng/m? 30.8+ 13.6 20.1+ 10.8
\% ng/m?! 38.7+ 24.1 25.9+ 18.6
Zn ng/m? 318.3+196.0 287.3+133.1
SO, pg/m’ 23.1+ 10.2 174+ 119
NO,~ pg/m’ 51+ 2.7 3.6+ 26
NH,* pg/mé 3.2+ 3.4 28+ 25
CHX pg/m’ 9.6+ 5.4 ( 35+ 1.4)*
DCM pg/m’ 5.1+ 3.5 ( 21+ 1.0)*
ACT pg/md 177+ 6.9 ( 105+ 3.7)*
EOM pg/md 32.4+ 13.7 ( 16.1+ 6.0)*
TSP pg/m’ 113.8+ 47.7 828+ 35.7

Number of Cases 92 70

* Number of cases is 28

< 4 F ok ARG A £3F EOMe| &
gyteke of 28%2 Jebgten ohgeg SO,7¢f
NO;,~ 7} zt7} 20% ¢} 5% A X 7oz Mg
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el SO,728} NO; & dTAd# fAg &2
vhejytel.

4.2 FNBEM(PCA) &1}
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Table 204 8 4 glX%e] ti-72%9] 7% 15749
wao dis) HFH ez 57]9 PCE A9 sl on
A 5708 PCol &3] AAIE-4e} 85.4%71 A
F=a glch. AyA PCs Fe, Mn, Tigs 2
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FA&dct ¥, FHA P K =

O
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ote. 7zlo g2 FA=gir} (Rojas et al, 1990). A A
1989 =¢8] A=A oz 2Z2:AA} fFAFGo)
6o HEA|F 7hA o] A=kE AMgdHs Aoz
ZA R om (A7) 36,606ton) L AMEEE &L
A o AR A AMERHF 27%E HH
e A2 JEhdrl (FFAYE, 1990). =3 5
Ha PCy o2 PCele wda) AAA #aiz) 43
A et o] A dapse] Yoz at4-s
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Rotxzlch

A PCe Clo] 7b4 #& <1ah4-5185(0.92)
< Jehligler] Cd ¥ Znde vlzd 22 A9
A(0.68 ¥ 0.72)& veplz gk FYe &J3id
Aty e g f7| Sl HEHe C = gl el
Znz} Cde A9 sa7] 27babst A5 e
;A2 o}t (Hopke, 1985; Thurston &
Spengler, 1985). ) 7R Helli= o}2] iR EA| X
H7] A7He] AEsA]w ¥3 o Heo M -



Table 2. Result of VARIMAX —rotated PCA for Taegu(urban) TSP data.
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Variable PC 1 PC 2 PC3 PC 4 PC 5 Communality

As 0.32 0.73* 0.37 0.01 0.13 0.78
Cl- 0.13 0.21 0.92 0.06 0.02 0.91
Cd 0.22 0.43 0.68 0.31 0.16 0.82
Fe 0.85 0.14 0.24 0.25 0.03 0.86
K+ 0.41 0.51 0.28 0.41 0.18 0.71
Mg 0.71 0.35 0.15 0.30 0.14 0.77
Mn 0.88 0.32 0.12 0.06 0.13 0.91
Ni 0.30 0.82 0.21 0.29 0.16 0.92
Pb 0.11 0.31 0.22 0.29 0.85 0.96
Se 0.22 0.75 0.20 0.24 0.19 0.75
Ti 0.89 0.27 0.14 0.20 0.06 0.92
\Y 0.30 0.80 0.21 0.30 0.17 0.90
Zn 0.28 0.26 0.72 0.23 0.39 0.86
SO, 0.25 0.32 0.24 0.81 0.11 0.89
NO;~ 0.34 0.25 0.10 0.73 0.35 0.84

Eigenvalue 3.63 3.54 2.40 2.02 1.22

% Variance 24.2% 23.6% 16.0% 13.5% 8.1% (Total=85.4%)

Source Soil/road Fuel Refuge Secondary Traffic

Class dust combustion burning aerosol related

* Underlined values indicate component loadings greater than 0.50

Table 3. Result of VARIMAX —rotated PCA for Kyungsan(suburban) TSP data.

Variable PC 1 PC 2 PC 3 PC 4 PC 5 Communality

As Q_ﬁg” 0.24 0.04 —0.08 —0.15 0.83

Cl- —0.12 0.01 0.18 0.92 —0.02 0.90

Fe 0.19 0.93 0.22 0.11 0.03 0.96

K* 0.14 0.15 0.07 0.02 0.93 0.91

Mg 0.33 0.50 —0.16 0.68 0.15 0.87

Mn 0.22 0.80 0.16 0.12 0.24 0.79

Ni 0.88 0.27 0.19 0.06 0.14 0.91

Pb 0.41 0.21 0.74 0.26 0.07 0.83

Se 0.89 0.24 0.20 0.03 0.18 0.92

Ti 0.35 0.88 0.08 0.04 0.07 0.90

v 0.83 0.26 0.34 0.05 0.18 0.90

Zn 0.43 0.43 0.50 —0.09 0.06 0.64

SO, ? 0.74 0.20 0.31 0.14 0.44 0.89

NO;~ 0.64 0.22 0.52 0.01 0.34 0.88
Eigenvalue 4.66 3.13 1.50 1.45 1.38
% Variance 33.3% 224% 10.7% 10.4% 9.9% (Total = 86.7%)
Source Fuel combustion/ Soil Traffic Marine Agricultural/
Class dust related aerosol wood burning

* Underlined values indicate component loadings greater than 0.50
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Table 4. Mean source contributions to TSP concentrations in Taegu and Kyungsan areas.

Taegu (urban area)

Kyungsan (suburban area)

Mean +S.E. Percent of Mean +S.E. Percent of
(ug/m?) measured TSP (ug/m®) measured TSP

Soil dust 41.2+2.5*% 36.2% 285+2.2 34.4%
Fuel combustion 17.2+20 15.1% o
Secondary aerosol 27.4+2.0 24.1% [17'0 x2.2 20.5%
Traffic related 154417 13.5% 13.3+14 16.1%
Refuge burning 7.8+1.2 6.9% Not identified
Marine aerosol Not identified Not significant**
Agricultural/wood burning Not identified 16.7+1.6 20.2%
Estimated TSP (ETSP) 109.0+4.4 95.8% 75.5+3.9 91.2%
Unexplained TSP 4.8+2.3 4.2% 7.3+x1.8 8.8%
Measured TSP (MTSP) 113.8+£5.0 100.0% 82.8+4.3 100.0%
Mean relative error 14.7% 17.8%
Multiple R? 0.80 0.85

* Uncertainty is the standard error of estimates.

+*+ Not selected as a significant variable at a sigmfican

ce level of 0.05.
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Table 5. Source apportionment of extractable organic matter(EOM) in Taegu area.

Cyclohexane Dichloromethane Acetone Total EOM

pg/m? (%) ug/mé (%) pg/m* (%) pg/m? (%)
Soil dust 2.5 ( 26.0) 2.3 ( 45.1) 32 ( 18.2) 8.0 (24.7)
Fuel combustion 2.6 (27.1) 0.9 ( 17.6) 2.2 ( 12.5) 5.8 (17.9)
Secondary aerosol 1.6 ( 16.7) 1.5 ( 29.4) 4.6 ( 26.1) 7.7 ( 23.8)
Traffic aerosol 2.3 ( 24.0) N.S. ( - ) 1.6 ( 9.1) 4.1 (12.7)
Refuge burning N.S.* « — ) 0.2 ( 4.0) 0.7 ( 4.0) 1.1 ( 3.4)
Unexplained 0.6 ( 6.2) 0.2 ( 39 5.3 ( 30.1) 5.7 ( 17.6)
Total concentration 9.6 (100.0) 5.1 (100.0) 17.6 (100.0) 324 (100.0)
Multiple R? 0.72 0.38 0.55 0.69

* Not significant at a level of 0.05.
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Table 6. PCA —derived mean source profiles (mg/g) for TSP in the urban area of Taegu.

Soil/road Fuel Secondary Traffic Refuge
dust combustion aerosol related burning
As 022 + 0.03* 059 + 0.04 N.S** 012 + 0.05 051 + 0.07
Cd 0.03 + 0.01 0.07 £ 0.01 0.20 = 0.01 0.06 + 0.01 0.03 + 0.01
Cl- 1456 + 344 2682 + 4.14 N.S. N.S. 206.77 t 7.13
Fe 18.46 + 0.87 3.63 + 1.04 6.71 + 1.07 N.S. 10.70 + 1.79
K~ 465 + 0.65 6.95 + 0.78 5.77 + 0.80 298 + 0.95 6.43 + 1.34
Mg 13.05 + 0.96 780 + 1.15 6.90 + 1.18 3.73 + 1.40 574 + 1.99
Mn 0.98 + 0.04 043 + 0.04 0.09 + 0.04 0.21 + 0.05 0.28 + 0.07
Ni 0.18 + 0.02 058 + 0.02 0.21 + 0.02 0.13 + 0.03 025 £ 0.04
Pb 047 + 0.09 158 + 0.11 1.49 + 0.11 518 + 0.14 1.89 + 0.19
Se 0.10 + 0.02 0.40 + 0.03 0.13 + 0.03 0.12 + 0.03 0.18 £ 0.05
Ti 049 + 0.02 0.18 + 0.02 0.14 + 0.02 0.05 + 0.02 0.16 + 0.04
\Y 0.30 £ 0.03 0.96 + 0.04 0.36 =+ 0.04 0.24 = 0.05 0.43 + 0.07
Zn 2.26 £ 0.32 252 + 0.39 229 + 040 460 + 047 1193 + 0.66
NO,~ 37.66 + 4.79 33.18 + 5.76 101.60 + 592 5804 + 7.00 2255 + 9.92
SO, 105.73 + 14.61 162.41 =+ 18.06 416.40 + 18.06 68.65 + 21.38 210.96 = 30.27
* Uncertainty is the standard error of estimates

** Not significant at a level of 0.05
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