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A Study on the Metallic and lon Elements by Fine Particle and
Effects of Vessels Exhaust Emission in Busan City

Seung—Won Lee, Yi—Seul Son, Jung—Kwon Kim'

Department of Environmental Engineering, Dong-Eui University, Busan 614-714, Korea
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Abstract

The objectives of this study were to investigate the seasonal characteristics of metallic and ion elements of
PM,o(Particulate matter with aerodynamic diameter <10 um) and the effects of vessels exhaust emission from ships harboring
in Busan City. The PM,y samples were collected from January 2010 to October 2010 at Dongsam-dong(coastal area), in
Busan City. The particulate matters were analyzed for major water soluble ionic components and metals. The ranges of the
PMy mass concentrations were from 29.8 pg/m* to 47.0 pug/m‘' in Dongsam-dong. The PM;o mass concentrations in
Dongsam-dong are very similar to Gwangbok-dong during same sampling periods. These results were understood by the
effects of the shipping source emitted from ships anchoraging and running. The concentrations of water-soluble ions and
metals in the PM)o had a level of as high as the order of SO,”>NOs>CI and NH;">Na">Ca’**>K">Mg"", respectively. The
correlation coefficients(R®) for SO4*/PMo and NH,"/PM, of were 0.7446 and 0.7784, respectively, and it showed the high

correlation with each other.

Key Words : PM;, Anions, Cations, Metals, Ships
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Fig. 1. Location of sampling site.
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Table 1. Analytical methods used in this study
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Species

Analytical methods Instrument Model

Model 2025 Sequential Air

Atmospheric particles PM, [3-Ray Absorption Method Sampler
Mg, Al, V, Mn, Fe, Ni, Cu, Zn, ICP/MS
Metals Ba, Na, K, Ca, Cr, Fe, Co, As, (Inductively Coupled Model HP 4500 300 series
Ag, Cd, Pb Plasma/Mass Spectrometry)
Cations Ca”',Na', K', Mg", NH,' IC Model ICS 2500
fons Anions CI, NOs, SO~ (Ion Chromatography) (Dionex LC25 module)
Meteorological Temperature, Humidity, Wind direction, Wind speed
elements

Table 2. Comparison of seasonal PM,, concentration at Dongsam-dong, Gwaebop-dong and Gwangbok-dong

(Unit : zg/m’)

Items Dongsam-dong Gwaebeop-dong Gwangbok-dong
Mean SD Max. Mean SD Max. Mean SD Max.
Winter 38.7 15.0 71.3 - - - 55.9 17.5 95.9
Spring 47.0 12.7 84.2 - - - 59.3 22.2 108.9
Summer 29.8 11.0 53.3 79.5 44.4 188.9 41.7 12.9 65.0
Fall 333 12.3 56.2 63.6 24.8 145.8 42.2 14.0 59.0
Average 37.2 12.8 63.8 71.6 34.6 167.4 49.8 16.7 82.2

Note) - : No data.



150 ol5¢
3.2, 2540 EMZt
Table 322010 AEE S H PM0 5 254 E
S E43te] Yl Aotk B dTto| A A8k A=o

A RSk 1914 7]19)] Cd, Cr, Cu, Ni, Pb 5]
H|slo] 2]2}7]191Q1 Al, Ca, Fe Ad+-2] &= =4 Y+
Ebgt} E6] Nats o5 B 928.1~5,771.3 ng/m’
o] HAZ2 A EXEAh 1971 S5448 AL L
& g g2 4249.0 pgm', 11.9 pg/m' 22 PM,o g
H] ZH2k 23.3%, 25.3%2 A5kt 1y o 23
7HES] A= 2 Y ol SAEA| oot Wkt
HE5 A 5= il o, ALa 5ol HlshAl= A4
o] 2 &R YEd 2 o8 54k

4R RS Na>Ca>Al>K>Fe>Mg>Pb>
Cu>Cr>As>Ag>Co 402 AA|Hoz 2|Z7|Y2]
‘o] QI91Al A9 kol vlsl AiAoR =
2 FEE Ul ol SH7ITE Skl 2
Aoz AIPE A E thar 2HE3E Ao=
vtk Egh 2 Aol A SR o] sfigtell 1A
af 317] wjiZoll Na2] F =7} o9 =4 et 2l o=

¢

X

e

- 337
et
3.3. +84 0|24=0| Y ST

331 $84 0|2489 s=2Z U 7|08

Table 4= S A2l s4FsolA PMyy 5 024
B9 FEE e ol B A9 48
g Aol AEi 84 Sol AR CE et
8/ ol AR T NH O it S 1.93~
3.67 pgm'O& VFERE O™, Na'= 0.91~1.82 pg/m'
02 thh B YERow, AA|FQ ol
= NH, >Na>Ca’>K>Mg™" &0z vephygt}.
ol It Q1 3K &, 1997) W FH(H, 1997)0]
Mok ARt A7kE vl gict

Sol& AE =] A9 S0,”, NOy Y CIof|A] 2+
7 1.58~14.13 pg/mt’, 0.35~2.31 pg/m', 0.04~0.50
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Table 3. The results of seasonal metals concentration of PM,o at Dongsam-dong

_— \Kfmter Spring Summer Fall
Mean SD Max Mean SD Max Mean SD Max Mean SD Max
PMio(1g/m) 387 15.0 713 47.0 12.7 84.2 29.8 11.0 533 333 12.8 63.8
Na(ng/m’) 3240 3,008 9515 5771 4305 11,077 - - - 928.1 842.1 2,200
Mg(ng/m’) 5603 4886 1,550 6049 3943 1,137 - - - 155.2 1242 2999
Al(ng/m’) 1,202 1,030 339 1,806 1,183 3,429 1,019 1,278 3,673 - - -
K(ng/m’) 8755  769.8 3241 7387  560.3 1,529 - - - 177.7 111.0 2680
Ca(ng/m’) 1,570 1478 4767 2,571 2,729 6,952 - - - 135.7 109.8 2916
V(ng/m’) 8.7 7.6 26.9 173 3.8 20.6 18.1 73 31.8 16.9 11.0 40.8
Cr(ng/m’) 9.3 9.3 404 59 0.0 59 13 1.1 2.6 13.6 194 574
Mn(ng/m’) 183.6 657 2834 10.1 54 186 89 3.0 12.7 46.2 18.8 68.4
Fe(ng/m’) 8540 3012 1,526  169.6 96.2 328.8 1359 493 2101 - - -
Co(ng/m’) 0.3 0.1 0.6 0.1 0.1 02 0.1 0.0 0.2 0.3 0.2 0.7
Ni(ng/m’) 11.7 6.0 272 4.8 2.7 87 49 42 12.8 154 9.1 34.6
Cu(ng/m’) 253 11.6 56.7 1.9 1.4 42 242 14.2 342 10.6 3.6 18.2
Zn(ng/m’) 345.1 1489 64388 275 0.0 275 623 285 111.0 178.5 634 2444
As(ng/m’) 0.0 0.0 0.0 32 43 82 3.8 0.0 3.8 10.5 8.1 282
Mo(ng/m’) 2.0 12 45 0.8 0.6 1.9 0.9 0.6 22 1.5 0.8 2.6
Ag(ng/m’) 0.3 02 0.6 02 0.1 03 0.1 0.0 0.1 0.1 0.1 0.4
Cd(ng/m’) 154 458 145.8 0.3 02 0.5 03 0.3 0.9 0.7 0.8 2.6
Ba(ng/m’) 1252 1301 3625 2138 1613 407.3 9.1 963 2450 41.6 423 102.2
Pb(ng/m) 31.8 17.3 59.4 13.0 59 204 12.1 5.7 19.0 164 11.6 38.6

Note) SD : Standard deviation, - : No data.
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Table 4. The results of seasonal major ions concentration of PM10 at Dongsam-dong (Unit : zg/m)
Ttems Winter Spring Summer Fall
Mean SD Max Mean SD Max Mean SD Max  Mean SD Max
PMi 38.7 15.0 71.3 47.0 12.7 84.2 29.8 11.0 53.3 333 12.8  63.8
Na' - - - 1.64  2.69 4.38 0.91 0.19 1.11 1.82 1.21 3.23
Mg™" - - - 0.12  0.10 0.28 0.13 0.02 0.I5 020 023 0.60
K' - - - 0.25 0.22 0.54 0.08 0.02 0.12 045 041 1.28
Ca™* - - - 0.69 0.41 1.27 0.52 0.07 0.62 044 038 1.13
NH," - - - 3.67 215 7.88 2.93 259  7.16 193  1.66 517
Cr 0.50 5.80 5.65 0.04 0.04 0.10 0.06 0.15 0.39 0.10 0.06 0.23
NOs 0.35 2.97 3.21 231 1.63 5.40 1.36 1.16 3.90 1.55 1.37 433
SO~ 1.58 1290 16.15 14.13 7.68 29.00 11.50 642 2154 7.74 438 1593
Total 243 21.67 25.01 22.85 1492 4885 1749 10.62 3499 1423 9.70 31.90

Note) ND : No data.

Table 5. Sea sulfate concentration and contribution ratio of total sulfate

Items Total SO~ Sea SO,~ "NSS-SO,~ NSS-S0,7/S0,>
Season (pg/m) (ng/m) (ng/m) (%)
Spring 14.13 0.70 13.43 95.0
Summer 11.50 0.79 10.71 93.2
Fall 7.74 0.68 7.06 91.3

Note) NSS-SO4” : Non Sea Sulfate-SO,~
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