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Abstract — Total suspended particulate (TSP) in the atmosphere was collected and size-fractionated by
Andersen high volume air sampler for the past two years (Mar. 1987-Feb. 1989) in Seoul. The concentra-
tions of several polycyclic aromatic hydrocarbons and heavy metals were determined to investigate the
atmospheric concentrations, seasonal variations and its relationship with the size distribution of suspend-
ed particulate matter.

The arithmetic mean concentration of total suspended particulate was 229.48 ug/m3. The concentra-
tions of heavy metals were 2971.94 ng/m3 for Fe, 767.75 ng/m3 for Zn, 765.80 ng/m3 for Pb, 218.40 ng/m3
for Cu, 129.91 ng/m3 for Mn, respectively. And the concentration of PAHs were 3.23 ng/m3 for
benzo(a)pyrene, 2.71 ng/m3 for benzo(k)fluoranthene, 4.53 ng/m3 for benzo(ghi)perylene, respectively.
The mass-size distribution of TSP was lowest in the particle size range 1.1-3.3 um increased as the parti-
cle size increased or decreased. But PAHs, Pb and Zn abounded in particles below 2.0 pm, while Fe and
Mn abouned in particles above 2.0 um. TSP and its chemical compositions showed the seasonal variations.

The concentrations of anthrophogenic origin like TSP, PAH and heavy metals in the fine particles were
highest in winter and lowest in summer. PAH and Pb analyzed showed significant correlations with each
other and with TSP concentration in fine particles, indicating that the particles in which they are contain-
ed have a similar behavior in the atmosphere.

Keywords [0 Total suspended particulate (TSP), Polycyclic aromatic hydrocarbons (PAHs), Heavy
metals, Seasonal variation, Size distribution.
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Table I—TSP, Heavy metals and PAHs concentration. (87.3-89.2)

Chemical species 87.3-88.2. 88.3-89.2. 87.3-89.2.
(n) Conc. F/T* (n) Conc. F/T (n) Conc. F/T
TSP (ug/m3) 12 258.72 0.54 12 200.24 0.63 24 229.48 0.58
Heavy Metals (ng/m3)
Mn 12 151.64 0.38 12 108.19 0.46 24 129.91 0.42
Zn 12 990.87 0.62 12 544.63 0.66 24 767.65 0.63
Cu 12 259.23 0.52 12 177.56 0.41 24 218.40 0.47
Fe 12 3295.16 0.33 12 2648.73 0.37 24 2971.94 0.35
Pb 12 924.10 0.71 12 607.51 0.70 24 765.80 0.71
PAHs (ng/m3)
B(a)P 12 4.43 0.90 12 2.04 0.87 24 2.23 0.89
B(ghi)P 12 6.04 0.91 1 3.02 0.88 24 4.53 0.90
B(k)F 12 3.61 0.91 12 1.80 0.88 24 2.71 0.89

*F/T=Fine particles (<2 um)/(Fine particle(< 2 x¢m)+ Coarse particle (>2 xm))
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Table II—Seasonal variations of TSP, Heavy metal and PAH concentrations in fine and coarse particles. (87.3-89.2, n=24)

S TSP (ug/m?) Mn (ng/m3) Zn (ng/m3)
easons
FINE* COARSE** TOTAL T FINE COARSE TOTAL F/T FINE COARSE TOTAL FI/T
SPRING 149.28 149.31 298.59 0.53 62.00 139.74 201.73 0.39 582.39 252.29 834.68 - 0.72
SUMMER 91.56 58.30 149.86 0.58 49.36 46.72 96.09 0.52 451.31 347.29 798.60 0.52
FALL 154.30 112.59 250.13 0.60 36.28 81.18 11417 0.33  429.09 324.45 692.86 0.65
WINTER 152.30 80.51 219.34 0.66 46.54 60.82 107.66 0.44 545.55 253.36 744.86 0.68
Seas Cu (ng/m3) Fe (ng/m3) Pb (ng/m3)
ons
FINE COARSE TOTAL F/T FINE COARSE TOTAL F/T FINE COARSE TOTAL F/T
SPRING 117.08 101.67 218.75 0.47 1343.32 2834.27 4183.59 0.36 634.02 232.47 866.49 0.73
SUMMER 120.69 103.32 224.01° 0.46 1293.43 1276.67 2569.67 0.42 298.62 182.23 480.85- 0.63
FALL 83.88 127.55 22461 040 621.93 2076.37 2766.56 0.23 655.14 280.28 848.05 0.72
WINTER 119.42 91.37 206.21 0.54 800.40 1436.41 2367.97 0.34 706.61 236.57 867.82 0.714°
Seasons B(@)P (ng/m3) B(k)F (ng/m3) B(g2i)P (ng/m3)
FINE COARSE TOTAL F/T FINE COARSE TOTAL F/T FINE COARSE TOTAL F/T
SPRING 2,78 0.36 3.13 0.89 2.86 0.40 3.26 0.90 4.47 0.51 498 091
SUMMER 0.69 0.08 0.77 0.90 0.87 0.10 097 091 1.52 0.17 1.70  0.91
FALL 3.10 0.29 3.22 091 2.39 0.22 248 091 4.55 0.41 476 091
WINTER 5.49 0.60 582 0.89 3.87 0.44 4.12 0.82 6.39 0.71 6.69 0.83
*Fine: Fine particle (<2um) **Coarse: Coarse particle (>2 um)
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Table ITI—Atmopheric concentrations of TSP, Heavy metals and PAHs according to its particle size. (87.3-89.2, n=8)

Particle TSP Mn Zn Cu Fe Pb B(a)P Bk)F  B(ghi)P
size (um) (ug/m3)  (ng/m3) (ng/m3) (ng/m3) (ng/md) (ng/m3) (ng/m3) (ng/m3) (ng/m3)
>7.0 87.78 84.64 110.73 50.67 1505.29 82.07 0.03 0.03 0.05
3.3-7.0 38.48 22.67 104.86 28.52 196.67 77.27 0.05 0.05 0.09
2.0-3.3 19.93 20.19 110.29 27.97 342.24 83.27 0.10 0.09 0.14
1.1-2.0 25.36 9.26 101.26 29.25 236.54 101.97 0.27 0.22 0.38

<1.1 96.02 29.98 392.38 81.18 441.79  488.63 1.57 1.45 2.65
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Fig. 1—Size distribution of TSP, Heavy metals and PAHs (89.3-89.2)
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Fig. 2—Correlation between PAHs and Pb concentration in fine particles.
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Table IV—Correlation coefficient matrices between variables.

a) FINE
TSP B(a)P B(k)F B(ghi)P Fe Pb Cu Mn Zn

TSP 1.000

B(a)P 0.624 1.000

B(k)F 0.662 0.980 1.000

B(ghi)P 0.632 0.981 0.984 1.000

Fe 0.529 0.079 0.175 0.089  1.000

Pb 0.801 0.790 0818 0819 0262 1.000

Cu 0.505 0.222 0.270 0174 0600 0448  1.000

Mn 0.621 0.419 0.511 0445 0834  0.600  0.643  1.000

Zn 0.760 0.653 0.712 0694 0636 0738 0579 0830  1.000

*P<0.05 **P<0.01

b) COARSE
TSP B@P  B()F  B(ghiP Fe Pb Cu Mn Zn

TSP 1.000

B(a)P 0.110 1.000

B(k)F 0.155 0.950 1.000

B(ghi)P 0.171 0.987 0.966 1.000

Fe 0.941 0.047  -0.002 0.014 1.000

Pb 0.307 0.489 0.539 0.529 0.287  1.000

Cu 0.191 0.143 0.179 0216  0.257 0506  1.000

Mn 0.915  -0.023 0.025 0285 0958 0289 0230  1.000

Zn 0.191 0.100 0.113 0171 0231  0.642 0305 0168  1.000

*P<0.06 **P<0.01
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