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ABSTRACT

The objective of this study was to identify the sources and to estimate the source contributions to the atmospheric
TSP(total suspended particulate matter) and PM-10(particulate matter with aerodynamic diameters less than 10 pm)
concentration in Taegu area. A total of 84 samples'was collected during the January to December 1999. TSP and PM-
10 were collected on filters by portable air sampler, and heavy metals in TSP and PM-10 were analyzed by
ICP(Inductively Coupled Plasma Spectrometery) after preliminary treatment. The results were follow as: First, annual
average of TSP and PM-10 concentration was 123 and 69 ug/m® respectively. The concentration of TSP and PM-10
were highest in winter season compared to other seasons. Second, the concentration of Al, Fe, Mn were higher in TSP
than in PM-10, indicating that these heavy metals are generally associate with natural contributions. Third, metal -
combinations showed that a high correlation among concentrations of heavy metals were follows: As Al, Fe and Mn
in TSP ; Ni, Cr, Cd and Pb in PM-10. Finally, Statistical analysis was performed using Principal Components
Analysis(PCA) in order to find possible sources of the pollutants. The factor analysis permitted to identify four major
sources(soil/road dust resuspension, waste incineration, fuel combustion, vehicular emission) in each fraction. These
source accounted for at least 83, 85% of variance of TSP and PM-10 concentration in Taegu area.

Keywords : TSP, PM-10, heavy metal, correlation, factor analysis(PCA: principal component analysis), emission
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TAEGU AREA

Industtial Area : NoWon-Dong(NW)

Traffic Area : DaeSin-Dong(DS)

Traffic & Residential Area : DaeMyeung-Dong(DM)
Residential Area : GiSan-Dong(GS)

Fig. 1. Location of the sampling sites.
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AlR9 ¥%-2 PM-10 portable sampler(PM-10
sampler, Co. AIRMETRICS, U.S.A.)¢} TSP portable
sampler(TSP sampler, GHV-2200 PS handi-vol, Co.
GRASEBY, USA)E AHslom £4 3 7 oA
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Slslglch =2 242 AL Fls) A ge =

| Put Filter in 250ml beaker ‘ ’

« 50% HNO; 30ml
<« 30% Hz0; 5ml

| Cover with watch glass and heat in waterbath during 1 hour |

l Cooling to room temperature ‘

[ Washing the watch glass with 'warm water |

[ Cooling the filtering with filter paper No 5B \
[ 50% HNO; 20ml

| Heating in waterbath for 10 min J

After cooling, washing with warm water and filtering |

I

i Drying J
[« 10% HCI 10ml

| Heating and cooling in waterbath 1

| ICP analysis |

Fig. 2. The preliminary treatment of chemical analysis by ICP.
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Table 1. Seasonal Concentrations(ug/m®) of Atmospheric
TSP and PM-10 in Taegu area

PM-10 TSP
Season N .
Mean+S.D Mean+S.D

Winter 24 76429 143 iss;
Spring 20 75422 127431
Summer 20 49+18 8726
Fall 20 47+9 9412
Total 84 69125 12342
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. PM-10
TSP

1000 -
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Concentration[nglms]
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Fe Al Zn Pb Mn As Ni Cr Cd
metals

Fig. 3. Mean concentration(ng/m®) of metals in PM-10 and TSP
in Taegu area.

SMn>As>Cr>Ni>CdE 2 2., PM-10W] | A= Fe>Al>
Zn>Pb>Cr>Ni>As >SMn>Cdr2 2 B4 VERiT}. Fe,
Al, Zn, Mn®] 53 TSPolA =4 eIl P,
As, Ni, Cr, Cd®} %3 PM-101M =4 Vepdel

2. A 2N
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71748815} 2 ¥Rz Al 2 43 TSP,
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Table 2. Correlation between TSP, PM-10 and air-borne metallic elements

a) TSP
RH WS SR TSP Fe Al Zn Pb Mn As Ni Cr Cd

*RH 1.00

WS -45 100

°SR -21 01 1.00

TSP -20 08  -56%  1.00

Fe .17 60  -54% 83 100

Al -26 A2 -51F 81 94*  1.00

Zn -16  -.03 26 17 -16 09 100

Pb A2 223 .35 17 A48 34 24 100

Mn 130 -17 0 -12 53%  61*  49%  _19 28 100

As -10  -08 18 11 -02 -07  -17 21 61%  1.00

Ni -21 -01 13 .18 32 22 .19 31 30 -04 100

Cr 07 -.04 A5 -06  -09  -08 29 201  -32  -58% 37  1.00

Ccd 12 -16 -5 07 32 28 -.06 60% 24 .10 32 09 1.00

b) PM-10
RH WS SR PM-10 Fe Al Zn Pb Mn As Ni Cr cd

RH 1.00

WS -45%  1.00

°SR -21 01 1.00

PM-10 -27  -01 -A4% 100

Fe 03 -35 15 27 1.00

Al -23 .17 -18 34 68%  1.00

Zn -.18 12 58% .30 48% 33 1.00

Pb 13 -03 -4 11 -13 0 =29 01 100

Mn 02 -19 -2 54% 19 12 260 -19 1.00

As .05 16 =07 =32 46 24 .34 14 -17 100

Ni -30 10 -69%  45% .37 A5 -61% 20 20 40%  1.00

0 -31 19 -61%  53%  _39%  _10  -70% 20 21 .19 85%  1.00

cd -45% 05 -41*  47¢ -25 03 -54¢ 24 21 27 8% 85% 1.00

* 1 Correlation is significant at the 0.05 level.
* : RH-Relative Humidity(%).

® . WS-Wind Speed(m/sec).

® : SR-Solar Radiation(MJ/m?>).
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o] Fobde T > glsic

3. izl EAE |83 wael Jois 7}

PR SR IS4 g BAARE o
g3le 2334 7ledol HiT AR Fb] sl F
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Table 3. Result of VARIMAX rotated Principal Component Analysis for Data from a TSP and PM-10

a) TSP
Source Class PC2 PC3 PC4
Variable . Anthropogenic source I Anthropogenic source I Anthropogenic source IIT
‘ Al 1.265E-02 110 . 7.893E-02
Fe 6.496E-02 280 -3.295E-02
As 949 130 -4.508E-0
Mn 713 219 113
Cr =699 223 471
Pb 9.330E-02 .833 -.144 ‘
Cd 2.433E-02 .827 5.695E-02
Zn -126 -.286 804
Ni 7.391E-03 506 _669 !
Eigenvalues 2.03 1.21 1.05
% of Variance 22.50 13.49 11.71
>} % Var. 57.66 71.15 82.86
b) PM-10
ource Class PC2 PC3 PC4

Anthropogenic source 1 Anthropogenic source II Anthropogenic source ITI

Ni -.162 1.387E-02 945
Cr 7.259E-02 A11 922
Cd 2.780E-03 169 904
Zn -6.542E-02 .229 -.703
Al 1.960E-02 -209 102
Fe 351 1.360E-02 -.293
Mn 150 -.306 321
As =722 -134 343
Pb -8.641E-02 _931 163
Eigenvalues 1.12 0.91 3.74
% Variance 12.49 10.13 41.55
2 % Var. 33.52 43.65 85.20

Underlined Values are Factor Loadings greater than 0.5.
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Fig. 4. Relative contributions of each component to the total measured mass for (a) TSP, and (b) PM-10.
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