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Residence Times and Chemical Composition

of Atmospheric Aerosols
Il. Concentration of Major lons and Heavy Metals in Pusan

Han-Soeb Yang, Eun-Joo Jun, Young-lll Kim, and Gon Ok’
Division of Ocean Science and 'Earth Environmental Sciences, Pukyong National University, Pusan, 608-737, Korea
(Manuscript received 6 March 1998)

Chemical composition of atmospheric aerosols was measured at 4 sites in Pusan. All the samples were
collected with a high volume air sampler from January to October 1996, to analyze major ions and heavy
metals. Dominant ions of aerosols were SO,”in anion and Na‘in cation. Sulfate, nitrate and ammonium
ions in aerosols showed high enrichmentfactor to soil and seawater composition. The concentrations of
heavy metals in aerosols was lowest at the site P1 near the coast. The lowest concentrations of major
ions and heavy metals mainly appeared in August, probably due to scavenging by frequent rains. Espe-
cially, the concentrations of total suspended particulate matter(TSP) and heavy metals in aerosols show-
ed good correlations in Pusan. Based on crustal Al, enrichment factors for some metals(Zn, Cu, Pb, Cd)
in aerosols were significantly greater than unity, and the order was Cd ) Pb ) Zn ) Cu. This evidence
suggests that Cd and Pb are derived predominanily from non-crustal sources.

Key words : aerosols, major ions, heavy metal, total suspended particulate matter, enrichment factors.
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Table 1. Range and mean value(pg/ m*) of each ion at 4 sites in Pusan

Site P1 P2 P3 P4 Total
lon
] 0.65~5.69 0.54~3.56 0.23~2.71 0.42~5.18 0.23~5.69
Cl (2.16+1.79) (1.85+1.10) (1.40%0.83) (2.34%1.68) (1.94+1.35)
) 0.38~3.77 0.01~5.06 1.02~3.93 1.06~3.60 0.01~5.06
NOs (1.62+1.24) (2.27+1.97) (2.34+1.27) (2.16%0.95) (2.10+1.36)
. 1.98~6.94 4.15~6.62 3.50~8.41 2.97~9.99 1.98~9.99
S04 (4.47+1.94) (5.74%0.99) (5.88+1.64) (5.96+2.58) (5.51%1.79)
s 0.06~2.85 0.03~2.98 0.34~2.51 0.62~2.78 0.03~2.98
Na (1.14%1.27) (1.25+1.22) (1.30£0.88) (1.26%0.78) (1.24%1.04)
. 0.27~0.83 0.03~1.39 0.27~1.22 0.09~1.66 0.03~1.66
NH, (0.45%0.20) (0.84+0.56) (0.89+0.33) (0.65+0.58) (0.70%0.42)
. 0.08~0.21 0.01~0.53 0.01~0.51 0.05~0.34 0.01~0.53
K (0.16£0.05) (0.29£0.17) (0.26%0.18) (0.19+0.11) (0.23+0.13)
. 0.001~0.24 0.001~0.13 0.001~0.121 | 0.001~0.086 0.001~0.24
Mg (0.07£0.09) (0.07+0.05) (0.04+0.05) (0.03+0.03) (0.05+0.06)
o 0.09~0.78 0.39~1.45 0.01~2.52 0.23~1.41 0.01~2.52
Ca (0.43+0.23) (0.79+0.46) (0.90+0.97) (0.70+0.51) (0.71+0.54)
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Fig. 1. A map showing the sites collected aerosol
samples in Pusan.
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Fig. 2. Monthly variation of total suspended par-
ticulate matter and major ion contents in
Pusan.
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Fig. 3. Monthly variation of each ion content at
site P1.
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Table 2. Correlation coefficients between heavy metals and major ions in Pusan
TSP CI' NO; SO Na° NHY K Mg“ Ca¥ Al Fe Pb Zn Mn Cu Ni Cd Co
TSP 100
Cl” -004 100
NOs 085 -001 100
SO 002 023 -035 1.00
Na" -023 058 -014 -041 100
NH, 079 026 094 -027 009 100
K 093 016 091 004 -020 092 100
Mg® 017 044 -027 064 012 -020 001 100
Ca® 087 003 079 022 -035 074 093 027 100
Al 063 029 -008 034 001 -016 003 08 030 100
Fe 083 005 077 -004 -029 062 075 026 084 05 100
Pb 091 -020 08 -029 -012 068 075 009 082 030 08 100
Zn 094 -007 08 -011 -024 071 08 018 091 040 095 096 100
Mn 084 -019 087 -015 -047 069 08 -007 083 023 093 08 093 100
Cu 079 -022 050 01l -034 031 054 047 078 067 08 08 08 076 100
Ni 08 007 076 -032 021 071 071 021 074 035 076 094 08 067 074 100
Cd 08 -011 039 027 -013 033 05 057 078 050 059 076 073 048 08 075 100
Co 002 011 033 092 071 036 002 -040 -018 020 005 029 012 004 -012 045 -016 100
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Fig. 6. Monthly variation of each ion content at
site P4.
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Table 3. Range and mean value of each trace metal (ng/ m’) at 4 sites Pusan.

Site
Heavy P1 P2 P3 P4 Total
metal
Al 173~1652 691~2827 1079~2789 683~3064 173~3064
(979+578)- |- (1381+785) (1552+681) (1659£920) (1385+741)
Fe 161~1652 792~2827 813~2619 610~1619 161~2827
(846£565) (1590£788) (1805£695) (1200£331) (1360+595)
Pb 7.1~119 1.1~132 26~141 43~98 1.1~141
(49%44) (63+49) (82+40) (67+22) (65£39)
7n 1.6~246 3.7~386 67~436 127~336 1.6~436
(98+90) (164%+131) (265+132) (180+78) (177£108)
M 3.9~53 23.~112 25~110 25~174 3.9~112
n (24£21) (67+35) (62+35) (41£18) (46+27)
Cu 6.4~46 16~53 23~53 18~40 6.4~53
(21%15) (27+14) (36£11) (31£8.3) (29+12)
. 1.7~20 6.0~24 4.1~-23 2.6~13 1.7~24
Ni (8.9+7.2) (14+6.9) (15+6.5) (9.9£3.9) (12%£6.1)
d 0.1~2.9 0.5~3.2 0.3~61 1.4~4.0 0.1~61
¢ (1.7£0.9) (1.8£0.9) (12x24.1) (2.1£0.9) (4.4%6.7)
Co 0.1--17.0 1.1~10 2.5~24 1.0~17.0 0.1~23
(5.7+£5.9) (5.2£2.9) (8.8+8.9) (7.8+5.3) (6.9£5.8)
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Table 4. Enrichment factors of trace metals, based

on crustal Al, at 4 sites in Pusan.
Site
Hea P1 P2 P3 P4 Total
metal
F 15 | 1.7 |17 | o9 | 09717
N ' ' ' ' (1.5)
191~398
Pb 398 | 191 | 310 | 232
310 (283)
93~189
Zn 108 | 93 | 189 | 133 |~
M 23 | 31 | 38|21 | 21738
n : : : : (2.8)
c 43 | 25 | 30 | 31 | B
b (32)
. 4.3~14
Ni 14 |88 | 02| 43|
cd 736 | 473 | 1200 | 441 | 12007441
(713)
C 13 | 99| 18 | 78 | 78718
° ' ' (12)
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Fig. 7. Monthly variation of each heavy metal and
total suspended particulate matter con-

centration at site P1.
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Fig. 8. Monthly variation of each heavy metal and
total suspended particulate matter con-
centration at site P2.
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Fig. 9. Monthly variation of each heavy metal and
total suspended particulate matter con-
centration at site P3.
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Fig. 10. Monthly variation of each heavy metal
and total suspended particulate matter
concentration at site P4.
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