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Abstract

The characteristics of atmospheric aerosols were investigated as a function of particle size and water solubility.
The atmospheric aerosols were sampled with classifying into 12 size ranges by the use of Andersen low —pressure
impactor. Collected aerosol particles were extracted by ultrapure water and filiered to be separated into water-
soluble and insoluble components. The concentrations of 12 elements in both components were determined by
PIXE analysis. And the concentrations of 8 ions in the soluble component were analyzed by ion chromatography.

In general, the mass size distribution of particulate matter was represented as a bimodal distribution. The mass
size distributions of §(SO4*), K (K™}, Zn and NH,* skewed to the smaller size range and those of Si, Ca(Ca?*), Fe,
Na* and Mg?* skewed to the larger size range. They had roughly one peak in the fine and coarse particle region,
respectively. On the other hand, the mass size distribution of Ti, Mn, Ni, Cu, Cl- and NO;~ were represented as the
bimodal distribution. Fe and Si in the aerosol particles extracted into pure water are existing in high insoluble state.
Conversely, almost the whole of S is dissolved in water.
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Table 1. Summary of aerosol particle sampling and fine, coarse and total particle concentrations between July

1995 and June 1996.

Run Sampling Period Fine (Dia.{ 1.17um) Coarse (Dia.y 1.17um) Total
No. (Start ~ Stop) Time (Min} FR SR CR SR Con.(ug/m*) SR
1 1995. 7.24~ 7.28 5905 0.62 0.82 0.38 0.65 46.69 0.76
2 1995. 8.17~ 8.20 4560 0.74 0.82 0.26 0.37 49.68 0.70
3 1995. 9.12~ 9.14 2815 0.44 0.56 0.56 0.56 32.77 0.56
4 1995.10.10~ 10.13 4590 0.68 0.82 0.32 0.47 42.86 0.71
5 1995.11.16 ~ 11.18 3220 .62 0.70 0.38 0.47 54.76 0.62
6 1995.12.13~12.16 4810 (.58 0.66 0.42 0.48 50.00 0.59
7 1996. 1.24~ 1.26 3160 0.52 0.55 0.48 0.18 21.05 0.37
8 1996. 2.21~ 2.24 4915 0.63 0.76 0.37 0.57 32.27 0.69
9 1996. 3.22~ 3.24 2820 0.51 0.58 0.49 042 21.42 0.50
10 1996. 4.23~ 4.26 4290 0.61 0.73 0.39 0.35 69.26 0.58
11 1996. 524~ 5.26 3720 0.65 0.63 0.35 0.30 44.33 0.51
12 1996. 6.30~ 7.4 5400 0.61 0.70 0.39 0.45 42.25 0.60
Total : (fine+coarse) particle, SR : water soluble ratio = [soluble/{soluble-+insoluble)] fraction
FR : fine particle ratio = {{fine/total) particle concentration]. CR : coarse particle ratio = |(coarse/total) particle concentration].
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Fig. 1. Calculated efficiency curves for the stage of
Andersen low—pressure impactor.

Table 2, Stage parameters of Andersen low-pressure

impactor.
Stage Nozzle Dia. Numberof Pressure  50% Cutoff
Number {mm) Nozzles Drop (kPa)  Dia. (um)
0 1.18 800 - 10.85 (10.5)*
1 1.18 400 - 7.65(7.4)
2 0.90 400 - 5.07 (5.1)
3 0.70 400 - 3.45(3.4)
4 0.50 400 - 2.05(2.2)
5 0.35 400 - 1.17 (1.1)
6 0.25 400 - 0.67 (0.69)
7 0.25 216 - 0.47 (0.46)
L1 0.25 110 10.5 0.29 (-)
L2 0.25 80 26.3 0.19(-)
L3 0.25 80 492 0.12(-)
L4 0.25 110 733 0.05(-)

* 1 50% cut-off diameter of Andersen 8 stage impactor
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Fig. 2. Sulfate size distribution estimated by histo-
gram and Twomey's method (July 1995, Run
1).
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Fig. 3. Seasonal variation of mass size distributions
of particulate matter. a) Run 1 (July 1995),
b) Run 6 (Dec. 1995).
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Table 3. Seasonal variation of particle concentrations in each LPI stage.

(unit : pg/m?3)

LPI July 1995 (Run 1) Oct. 1995 (Run 4) Dec. 1995 (Run 6) April 1996 (Run 10)
Stage Total Inso. Sol. Total Inso. Sol. Total Inso. Sol. Total Inso. Sol.
0 2.82 1.57 1.25 1.69 1.07 0.62 3.15 1.53 1.62 5.14 4.00 1.14
1 1.88 0.78 1.10 1.60 0.71 0.89 2.55 1.70 0.85 3.81 247 1.33
2 3.06 0.94 2.12 2.67 0.89 1.78 3.91 2.38 1.53 5.42 3.62 1.81
3 3.60 1.10 2.51 3.02 1.60 1.42 4.17 221 1.96 5.61 3.04 2.57
4 3.84 1.25 2.59 2.49 1.78 0.71 3.83 1.87 1.96 428 3.04 1.24
5 2.51 0.63 1.88 2.05 1.07 0.98 332 1.19 2.13 3.04 1.52 1.52
6 4.94 0.78 4.15 5.16 0.71 445 7.74 1.87 5.87 7.61 1.71 5.90
7 8.38 0.94 7.44 9.25 1.24 8.00 9.10 221 6.89 13.03 1.7 11.32
8 8.85 1.72 7.13 7.03 1.07 5.96 5.78 2.38 3.40 10.94 2.28 8.66
9 3.06 0.63 2.43 31 0.89 222 1.87 1.02 0.85 4.28 1.33 2.95
10 1.57 047 1.10 1.78 0.36 1.42 1.36 1.02 0.34 1.90 1.14 0.76
11 1.25 0.47 0.78 1.33 0.53 0.80 1.53 0.68 0.85 1.81 1.52 0.29
back-up 0.94 0.16 0.78 1.69 0.36 1.33 1.70 0.68 1.02 2.38 1.52 0.86
Sum 46.69 11.44 35.25 42.86 1227 30.59 50.00 2075 29.25 69.26 2892 40.34
Coarse  17.71 6.27 11.44 13.52 7.11 6.40 20.92 10.88 10.03 27.31 17.70 9.61
Fine 28.99 5.17 23.82 29.35 516 24.19 29.08 9.86 1922 4196 11.23 30.73

total : (insoluble + soluble) fraction,
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coarse : diameter > 1.17 pm particle,

fine : diameter < 1.17 um particle.
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Table 4. Concentration of anion and cation in soluble component. (unit : pg/m3)
July 1995 (Run 1)  Oct. 1995 (Run 4) Dec. 1995 (Run 6) Average (Run 1-6)
Ton Coarse Fine Coarse Fine Coarse Fine Coarse Fine Total
Con. Con. Con. Con. Con. Con. Con. Dev, Con. Dev. MMD(rﬁm) Oy

Cl- 0.79 0.23 0.41 0.35 0.67 0.65 0.594(0.24) 0.47+(0.22) 1.56 5.1
NO;- 1.85 0.16 1.42 0.83 1.42 2.50 1.66 +(0.46) 1.111(1.04) 241 3.0
SO 0.62 6.63 0.49 6.59 0.82 4.53 0.64+(0.13) . 6.25+(3.22) 0.56 24
Na* 0.73 0.22 0.67 0.53 0.56 0.07 0.62+£(0.31) 0.30+(0.26) 2.08 4.5
NH,* 0.05 2.49 0.01 1.99 0.15 2.00 0.07 £(0.06) 2.244(1.20) 0.45 2.1
K+ 0.19 0.48 0.30 0.55 0.14 0.30 0.214(0.06) 0.58+(0.20) 0.65 4.8
Ca?* 0.36 0.06 0.54 0.26 0.61 0.29 0.534+(0.11) 0.26+(0.13) 2.29 52
Mg?* 0.14 0.03 0.12 0.03 0.14 0.04 0.15£(0.05) 0.04+(0.02) 243 38

coarse : diameter > 1.17 pum particle, fine : diameter { 1.17 um particle, total : (coarse + fine) particle,

MMD : aerodynamic mass median diameter, O, : geometric standard deviation.
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Fig. 4. Seasonal varation of mass size distributions of anion and cation.
(solid line : July 1995, dotted line : Dec.1995).
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Fig. 6. The mass size distributions of 12 elements in atmospheric aerosols estimated by Twomey's method
(Run 8). Thin soild=soluble, thin dotted line=insoluble, thick soild line=(soluble+insoluble).
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Table 5. Seasonal variation of 12 elemental concentrations and water soluble fraction.

(unit : ng/m?*)

July 1995 (Run 1) Oct. 1995 (Run 4)

Dec. 1995 (Run 6) April 1996 (Run 10)

Element Coarse Fine Coarse Fine Coarse Fine Coarse Fine
Con. SR Con. SR Con. SR Con. SR Con. SR Con. SR Con. SR Con. SR
Si 718.7 (0.31) 262.8 (0.88) 345.0 (0.10) 723 (0.66) 758.1 (0.04) 1534 (0.51) 2273.7 (0.24) 760.2 (0.87)
S 1573 (0.95) 1281.6 (1.00) 42.1 (0.99) 564.0 (1.00) 195.1 (0.98) 9244 (1.00) 243.0 (0.94) 1327.4 (1.00)
K 1884 (0.79) 2474 (0.99) 2272 (0.89) 2642 (0.99) 167.9 (0.63) 328.3 (0.98) 380.9 (0.60) 3453 (0.98)
Ca 163.2 (0.84) 458 (0.93) 1259 (0.92) 625 (0.98) 387.2 (0.92) 1619 (0.98) 568.3 (0.84) 173.8 (0.97)
Ti 263 (0.37) 145 (0.88) 167 (0.50) 14.1 (0.95) 44.0 (0.49) 487 (0.96) 1719 (0.67) 97.9 (0.96)
v 9.2 (0.81) 14.5 (0.96) 5.9 (0.82) 104 (098) 17.2 (0.83) 30.6 (0.99) 239 (0.76) 24.6 (0.97)
Mn 11.6 0.6y 104 (0.77) 7.3 (0.74) 6.1 (0.87) 18.0 (0.58) 198 (0.77) 243 (043) 17.0 (0.63)
Fe 218.6 (0.01) 41.0 (0.07) 101.8 (0.06) 213 (041) 276.0 (0.02) 581 (0.15) 606.2 (0.08) 119.6 (0.24)
Ni 3.3 (0.81) 5.1 (0.89) 1.7 (0.64) 24 (0.87) 4.7 (0.49) 7.1 (0.87) 8.7 (0.46) 8.8 (0.77)
Cu 13.5 (0.68) 144 (0.87) 6.7 (0.54) 5.9 (0.87) 147 (0.58) 163 (0.87) 24.5 (0.56) 229 (0.86)
Zn 47.7 (0.86) 749 (0.96) 243 (0.89) 31.6 (0.96) 67.6 (0.88) 100.1 (0.96) 74.6 (0.78) 125.0 (0.93)
Pb 203 (0.58) 26.6 (0.81) 8.0 (0.64) 9.0 (0.68) 184 (0.54) 27.1 (0.75) 293 (0.45) 31.6 (0.66)
coarse : diameter » 1.17 um particle, fine : diameter { 1.17um particle, SR : water soluble ratio = [soluble/(soluble+insoluble)] fraction.

Table 6. Mean atmospheric particle concentrations and water soluble fraction of PM and 12 elements.

Fine (Dia.<1.17um) Coarse (Dia.>1.17 um)

Total (Cosrse + Fine)

Element Con. (ng/m?) Con. (ng/m*) Con. (ng/m*) Stage No." MMD (um) O,
Ave. Dev. SR Ave. Dev. SR Ave. Dev. SR Total Inso. Sol. Ave. Dev. Ave. Dev.
PM2 260+ 8 0.72 163+ 4 045 423+ 10 0.61 7 2 7 1.05+0.24 4.53+0.26
Si 313 +317 0.82 848 +860 0.29 1160 +£1177 043 2 2 7 2754069 4.81+0.74
N 891 +855 1.00 157 +156 0.97 1047 +1012 0.99 7 2 7 0.59+0.10 3.19+0.91
K 325 +332 099 224 +228 0.77 549 + 560 0.90 7 2 7 0.84+0.18 564+1.04
Ca 113 £119 0.97 278 +288 090 390 + 407 0.92 2 0 2 2.23+£051 536+1.39
Ti 31.1+ 33 095 437+ 45 0.57 748+ 78 0.73 S 2 5 1.47+0.37 547+1.03
\Y 172+ 17 098 127+ 13 0.84 298+ 30 092 8 2,3 8 0.93+0.18 5.22+1.00
Mn 11+ 11 0.77 133+ 14  0.62 244+ 25 0.69 7 2 7 1.424+0.07 5.06+0.58
Fe 574+ 59 031 248 +250 0.12 305 + 309 0.6 3 3 1 310031 3.61+£0.39
Ni 53+ 5 085 53+ 5 071 106+ 11 078 8 0,3 8 1.15+£0.25 579+ 1.11
Cu 157+ 16 0.89 149+ 15 0.70 30.6+ 31 080 6 2 6 1.06+0.19 5.66+0.85
Zn 66.1+ 65 094 434+ 43 086 109 + 108 0.91 6 7 6 0.95+0.17 398+1.04
Pb 199+ 19 0.73 164+ 16  0.61 363+ 35 068 7 4 7 1.07+027 477+£1.04

total : (soluble + insoluble) fraction, SR : water soluble ratio = [soluble/(soluble+insoluble)] traction, MMD : aerodynamic mass median diameter,

G, : geometric standard deviation,
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