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Abstract

PM; mass were measured in Gwaebeopdong (inland) and Dongsamdong (seashore) of
Busan in summer and fall, 2007 and the 24-hour averaged samples were analyzed to investigate
temporal and spatial variability of metallic elements and water-soluble ions in PMjy. Overall
average concentrations of PM;y mass during the study period were 72.7 g /m® and 64.3 ug/m?
in Gwaebeopdong and Dongsamdong, respectively. As for metal elements, averaged
concentrations of crustal components, Ca, Fe, K, Mn, and Ti, in Gwaebeopdong exhibited
enhancement relative to Dongsamdong. Non-crustal elements, Pb and Cu, displayed elevated
levels in Gwaebeopdong while Ni and Zn were observed to be high in Dongsamdong. Averaged
nitrate concentration in Gwaebeopdong (6.36 1ig/m?®) was greater than in Dongsamdong(5.68
ug/m®) and both areas had higher level of nitrate in summer than in fall. Averaged sulfate
concentrations in Dongsamdong (25.4%) exhibited elevated level relative to Gwaebeopdong
(19.4%). Overall average contribution of water-soluble ions to PM;, in Dongsamdong (47.5%)
was higher than in Gwaebeopdong (37.8%). The average mass fractions of secondary ions in
PM;o were elevated in Dongsamdong (37.1%) as compared to Gwaebeopdong (31.4%).
Equivalent ratio of [SO,%/ NOy] was seen to be lower in Gwaebeopdong (1.39) than that in
Dongsamdong (1.79) and consistently higher in summer than in fall for both areas.
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Fig. 1. Sampling station of PM;q in Busan
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Fig. 2. Comparison automatic air quality network data and
this study in PM,, mass concentration in Gwaebeopdong
and Dongsamdong
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Table 1. PM10 concentration (ug/m?®) in Gwaebeopdong and Dongsamdong in 2007 (n=number of samples)

Station Season Summer

Fall Mean

Gwaebeopdong 79.5+44.4(n=21)

63.6+24.8(n=106) 72.7+37.7(n=37)

Dongsamdong 58.1+18.4(n=14)

70.0£30.0(n=15) 64.3+25.4(n=29)
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Table 2. Metallic concentrations (ug/m®) of PM;, in Gwaebeopdong and Dongsamdong
Summer Fall Mean
Gwaebeopdong | Dongsamdong | Gwaebeopdong | Dongsamdong | Gwaebeopdong | Dongsamdong

Al 0.12+0.07 0.13+0.06 0.14%0.11 0.23+£0.14 0.13+0.09 0.18+0.60
Ba 0.02+0.01 0.01£0.01 0.02£0.01 0.02£0.01 0.0240.01 0.02£0.05
Ca 0.40+0.16 0.16+£0.13 0.59+0.37 0.32£0.34 0.48+0.29 0.24+1.30
Ccd 0.01+0.00 0.01£0.00 0.01£0.00 0.01£0.00 0.00£0.00 0.00£0.01
Co 0.01+0.00 0.01£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00
Cr 0.02+0.01 0.0240.01 0.02+0.01 0.02+0.00 0.0240.01 0.02+0.04
Cu 0.04£0.01 0.02+0.01 0.03x0.01 0.02+0.02 0.03+£0.01 0.02+0.07
Fe 0.64+0.32 0.35+0.20 0.53+0.39 0.37+0.35 0.59+0.35 0.36+1.32
K 0.79£0.38 0.24+0.28 0.67+0.43 0.63+0.34 0.74%0.40 0.44+1.14
Mg 0.17£0.09 0.24+0.07 0.224+0.12 0.29+0.13 0.1940.10 0.26+0.47
Mn 0.06+0.03 0.04£0.02 0.05+0.04 0.04+0.04 0.06+0.03 0.04+0.14
Mo 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.01
Na 1.03+0.60 0.96+0.61 1.73+£0.73 1.78+0.75 1.33+0.74 1.38+3.13
Ni 0.02+0.01 0.02+0.01 0.01+0.01 0.02+0.01 0.01+0.01 0.02+0.03
Pb 0.06+0.03 0.031£0.02 0.04+.04 0.04£0.05 0.05+0.04 0.04+0.20

0.69+3.43 355+211 5.07+4.78 4.34+3.05 5.99+4.09 3.96+16.5
Si 130£1.75 1.94+3.14 1.40£2.67 0.99+0.76 1.34£2.16 1.44+10.4
Sr 0.01+0.00 0.01£0.00 0.01£0.00 0.01+0.00 0.01£0.00 0.01+0.01
Ti 0.01£0.01 0.01£0.00 0.02£0.01 0.01£0.01 0.0240.01 0.01£0.05
\4 0.02+0.01 0.03+0.01 0.01+0.01 0.03+0.01 0.02+0.01 0.03+0.05
Zn 0.341+0.17 0.44+0.11 0.16+0.08 0.38+£0.17 0.26+0.16 0.41+0.80
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Table 3. Soil enrichment factors for the metallic elements of PM; in Gwaebeopdong and Dongsamdong
Summer Fall Mean
Elements | Gwaebeopdong | Dongsamdong | Gwaebeopdong | Dongsamdong | Gwaebeopdong | Dongsamdong
Al 1.0 1.0 1.0 1.0 1.0 1.0
Ba 30.1 17.3 227 15.0 26.6 15.8
Ca 7.4 2.6 9.1 3.2 8.2 3.0
Ccd 5258.1 4469.7 4301.4 2635.3 4802.5 3288.5
Co 20.7 15.6 153 9.6 18.1 11.7
Cr 153.7 118.0 110.0 65.9 1329 84.4
Cu 4306.5 244.2 321.5 143.4 381.8 179.3
Fe 8.6 43 6.0 2.7 7.4 32
K 20.6 5.6 145 838 17.7 7.6
Mg 5.5 7.0 6.0 5.0 5.7 5.7
Mn 45.0 24.6 31.7 14.9 38.7 18.3
Mo 2695.0 1116.9 1332.6 590.7 2046.2 778.1
Na 21.6 18.3 30.7 20.2 259 19.5
Ni 132.7 146.5 819 79.9 108.5 103.7
Pb 3210.7 1445.5 1829.3 1148.1 25529 1254.0
S 17322.4 8333.9 10999.9 6037.1 14311.8 6854.9
Si 3.2 4.3 2.8 13 3.0 23
Sr 8.2 53 7.8 4.4 8.0 4.7
Ti 2.2 13 19 1.0 2.1 1.1
\% 88.6 140.2 55.1 75.3 72.6 98.4
Zn 3281.4 3872.1 1298.3 1963.6 2337.1 2643.1
o HAHA= A91A 719 125 G ol FAFEE 28] oY =& AAESATE
ol W AoE Uehgth AYEEE of8de] MY, FSENC: ofS A B AT Ul
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e} Zro] 2 Ao oFHo] 7S EEY &
8] =2 S Bl
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2. 484 0|20| £
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Table 3. lonic concentration (ug/m®) of PMyq in Gwaebeopdong and Dongsamdong
Summer Fall Mean
Gwaebeopdong | Dongsamdong | Gwaebeopdong | Dongsamdong | Gwaebeopdong | Dongsamdong

Na* 0.68+0.36 1.85+0.31 0.61+0.53 1.904+0.80 0.65+0.44 1.88+0.61

K* 0.594+0.38 0.38+0.35 0.60+0.50 0.74+0.41 0.59+0.43 0.57+0.42

Mg2* 0.10£0.06 0.11£0.07 0.15+0.11 0.15£0.12 0.12£0.09 0.13+0.10

Ca?* 0.99+0.34 0.90+0.36 1.19+0.55 0.97+0.52 1.07+0.45 0.94+0.44

NH,* 3.10+2.41 2.80+2.76 1.914+2.90 1.82+3.24 2.58+2.66 2.30£3.01

Cr 1.90+0.67 243+093 213+0.78 3.03+1.28 2.00£0.71 2.74+1.15

NOy 6.86+2.38 6.04+2.20 5.71+£3.02 5.35+2.66 6.36+2.70 5.68+2.43

SO% 16.02+7.40 18.9249.39 11.524+10.17 13.89+11.84 14.08 +£8.87 16.32+10.84

NSS-SO,* 15.85+7.40 18.46+9.40 11.37+£10.21 13.41+11.81 13.91+£8.88 15.85+10.84
ool2£& AtstElo] YAHETKHo, et al., 2003: ollA Agstgizol A4 7199 eH=4o] 7]
Wang and Shooter, 2001), 3HAHd2 A 4~8-4 ofslal QS-S & 4= qlom, AUt A wiEE = &
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Aol 7MY w2 =5 Ut St Hats T} WA 20 guEo 2o TR g W g
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] 14.08 pg/m’¥rt =9koH, PMy, Foll 23
HEE 54150] 25.4%, HHE0] 19.4%= 32HA]
olo] FAalEol =0tk 53] iEY o549 &
AM2 18.92 ug/m3Z 32.2%5 AHA|SF3ATE. A&
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2006)% HE(Hu et al., 2002)°14 A€ v} 9l
o}, oA sftAYl FAlsel WEAIY HH
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321 2006).
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Table 4. Contribution rate(%) of total inorganic water-soluble
ions in PM;, mass in Gwaebeopdong and

Dongsamdong
Station Season  Summer Fall Mean
Gwaebeopdong 38.0 375 37.8
Dongsamdong 57.5 39.8 475

37.8%E0 w3on, o 54 7ked B SAlE
o] B2 7l9&S Kol Font AdERE 45H
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57.5%% W% 52 7] o8& YER .
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Table 5. Contribution rate(%) of secondary ion in PMyq in
Gwaebeopdong and Dongsamdong

Station Season  Summer Fall Mean
Gwaebeopdong 325 29.9 31.4
Dongsamdong 47.0 29.4 37.1
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Table 6. Seasonal and areal equivalent ratio of [SO,>/NO5]
of water soluble anion in PMyq

Station Season  Summer Fall Mean
Gwaebeopdong 1.52 123 1.39
Dongsamdong 1.98 1.60 1.79
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