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Chemical Composition of Respirable PM,s and Inhalable PM,,
in Iksan City during Fall, 2004
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ABSTRACT

Intensive measurements of airborne respirable PM, 5 and inhalable PM,, were conducted in the downtown area of
Iksan city. The PM,s and PM,, samples were collected twice a day in the Iksan city of Korea from October 17 to
November 1, 2004. The purpose of the study was to determine the inorganic water-soluble components and trace ele-
ments of PM,5 and PM, in the atmospheric environment and estimate the contribution rate of major chemical com-
ponents from a mass balance of all measured particulate species. The chemical analysis for PM samples was conducted
for water-soluble inorganic ions using ion chromatography and trace elements using PIXE analysis. The mean con-
centrations of respirable PM,sand inhalable PM,, were 51.4+29.7 and 79.5+39.6 ng/m?, respectively, and the ratio was
0.62. The ion species of NOs, S0,>, and NH,* were abundant in both PM,,and PM, 5. These components predominated
in respirable PM, s fraction, while Na*, Mg**, Ca** mostly existed in coarse particle mode. Elemental components of S,
Cl, K, and Si were abundant in both PM, s and PM,,. These elements, except for Si, were considered to be emitted from
anthropogenic sources, while Si, Al, Fe, Ca existed mainly in coarse particle mode and were considered to be emitted
from crustal materials. The averaged mass balance analysis showed that ammonium nitrate, ammonium sulfate, crustal
component, and other trace elements were composed of 18.4%, 13.2%, 4.8%, 3.5% for PM,sand 17.0%, 11.6%, 13.7%,
44% for PM,,, respectively.

Keywords: respirable PM,;, inhalable PM,,, inorganic ions, elemental components, anthropogenic sources
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Table 1. Uncertainties of water-soluble ion species for replicate samples of atmospheric aerosols

. Pooled mean conc. Pooled Number of data ~ Number of samples \
Species (ppm) STD® Set(N.) ™) RSD(%)
CI 1.270 0.014 12 24 1.11
NO;~ 5.263 0.145 12 24 2.75
SO~ 3.396 0.072 12 24 2.11
Na* 0.394 0.006 3 6 1.56
NH,* 2.393 0.075 3 6 3.13
K 0.298 0.014 3 6 4.76
Mg** 0.070 0.003 3 6 4.74
Ca™* 0.228 0.017 3 6 7.60

*Pooled Standard Deviation (S;e1eq)

Nl NZ NJ
_\2 -2 —\2
Z(xl-fxl) +Z(xj7x2) +Z(xk7x3) +...
i=1 j=1 k=1
Ni{+N,+N;+...+N;s

"Relative Standard Deviation (RSD)

RSD(%) = (‘3—'4) % 100

N

pooled =

all

Journal of Environmental Health Sciences, Vol. 36(1)



64 7
ol el mel F F= Aol BolA|h, RSDY| A
9 Ca*E 7.6%013 UHAE 2% 5% olst= Yehst
o} o]g)3t AFZ wjFo] B w) £8A o]eARo

EEE BE F5d £2e) Aol FuE
o= T&%EJE}
W7 IHAA R F wlEke] e teixs 24
3.0
® PMas
OPMp
]
E
Z
1.0
o ¥ =0.205x +0.1444
%u' o R = 0.0379
P [al
R? = #N/A
0.0
0.0 1.0 20 3.0
Na* (pgm?)
LU
)
2
=
=
v =0.9285x - 0.0286
R =0.2373
¥=0
R =#N/A
1.0 20
Mg* (pg'm’)
3.0
vy =0.8752x +0.4286
R = 0.6618
[a]
20
_ o
E
2
9
1.0
¥ =0.7418x +0.2237
R =0.7223
0.0 3
0o 1.0 20 30

K (pg/m’)

3L
o

il

8 (ug/m')

Cl (pg/m’)

Ca (pg/m*)

89 AFAE HAESIAF Fig. 19] ICSF PIXES <
I 24l olFolxl ti7|AAAEe] S gEl gt
1A3E VERIEE o7100lM F5-2 PIXES] &)
ME ZF AR 7] 5 vEE 1 352
ICE #4049 84 o4

%4 o7l & sEE 9|
gict. ik, BK(S) o] A IC A4 S0 9 F

T oo

“*ES

¢

8.0
®PM:s
OFM ¥=09006x +0.3728 "
6.0 R =0.9151 :
o=
40
20
¥ =09811x + 0.0893
R® = 0.888
0.0
0.0 20 4.0 6.0 8.0
S in solution (pg/'m*)
6.0
y =09225x + 0.019
RY = 0.9532
4.0
2o ¥ =0.8263% + 0.0256
RY = 0.9459
0.0
0o 2.0 4.0 6.0
CI (ugm’)
1.5
¥ =09783x +0.008 -
R2=1, 6644 &
10 a]
(1]
[al
™ ¥ =-0.1002% + 0.0332
R = 0.0069
e
0.0 SC——C—
0.0 0.5 10 L5
Ca®* (pgm')

Fig. 1. Comparisons of chemical species concentrations in PM,s and PM,, according the analysis methods of IC and PIXE.
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Table 2. The mass concentrations and mass ratio of respirable PM, s, coarse PM, 5o, and inhalable PM,, during the sampling period
of fall, 2004 in Iksan city. Arithmetic mean and standard deviations except for the ratios in right column are presented in

pg/m’
PMZ.SIPMID

PMZ.S PMZ.S— 10 PM] 0 .
Avg Max Min
Mass 51.354£29.70 28.14+11.81 79.49+39.58 0.62+0.10 0.79 0.36
Cr 1.26+1.21 0.66+0.46 1.93£1.61 0.60+0.17 0.87 0.26
NO;~ 7.33+7.90 3.14+3.01 1047+10.74 0.65+0.11 0.88 0.44
SO 4.73£2.61 1.43+£0.98 6.17+£3.52 0.78+0.06 0.91 0.69
Na* 0.24+0.07 0.34+0.21 0.57£0.25 0.46+0.16 0.93 0.22
NH, 4.62+4.06 1.26+1.42 5.88+5.40 0.81+0.09 0.99 0.62
K* 0.61+0.32 0.23+£0.19 0.85+0.46 0.73+£0.08 0.89 0.53
Mg 0.02+0.03 0.08+0.04 0.10+0.06 0.20+0.09 043 0.07
Ca* 0.10+0.06 0.47+0.21 0.56+0.26 0.17£0.05 0.28 0.09

Na Not detected 0.26+0.26 0.26+0.26 - - -

Mg Not detected 0.06£0.12 0.06+0.12 - - -
Al 0.17+0.11 0.63+0.31 0.80+0.39 0.20+0.12 0.39 0.00
Si 0.59+0.25 1.97+£0.93 2.56+1.14 0.25+0.06 0.36 0.18
S 1.64+£091 0.59+0.36 2.23+1.11 0.74+0.14 1.21 0.56
Cl 1.07£1.03 0.73+0.61 1.79+1.52 0.52+0.24 091 0.00
K 0.68+0.28 0.50£0.27 1.17£0.50 0.59+0.16 1.19 0.28
Ca 0.02+0.07 0.55+0.30 0.56+0.31 0.02+0.06 0.21 0.00

Ti Not detected 0.03£0.05 0.03+£0.05 - - -
Fe 0.23+£0.09 0.52+0.27 0.75+0.32 0.34+0.16 0.87 0.00

Zn 0.04+0.05 0.04+0.05 0.06+0.07 - - -
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