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We conducted a principal component analysis of PM, 5 (particles with a diameter < 2.5 pm) at four sites located
in Chungcheongnam-do, a province of South Korea, to determine the level of pollution and characteristics of
PM, 5 components at each emission source. The four monitoring sites included a steel complex near Songsan-
myeon (SS) area, a petrochemical complex near Dokgot-ri (DG) area, a residential complex near Mojong-dong
(MJ) area, and a village near Naepo (NP) area. Samples collected at these sites were analyzed and the con-
centrations of mass, ion, carbon, and element in PM, s were compared. The mass concentrations were found to
be the highest in SS, followed by MJ, DG, and NP. The concentration of dominant ion species were recorded in
a ascending order of NO; > SO,*"> NH," in MJ and SO,> > NO, >NH," in SS, DG, and NP. The results indicate
that MJ had the highest NO, concentration, which is emitted by automobiles. Moreover, MJ exhibited the highest
organic carbon concentration of 5.67 pg/m® and elemental carbon concentration of 0.51 ug/m>. The analysis of
the elemental composition of PM, s indicated a significantly higher concentration of Fe, Zn, and Mn in SS and
As, V, and Ni in DG. Different component analysis results from each emission source suggest the need to under-
stand the distribution of pollutants in each region while establishing measures to reduce PM, 5 levels.

Key words: PM, 5, Chemical composition, Ionic species, Carbon components, Element components, emission source
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Fig. 1. Sampling locations of the Songsan—myeon(SS), the
Dokgot-ri(DG), the Mojong-dong(MJ), and the Naepo
(NP) atmospheric monitoring stations in Chung-
cheongnam-do.
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Table 1. Descriptive statistics of concentration of PM,s mass and ionic species collected in 4 sites (unit: pg/m’).

Site  Statistics = PM, NO;y SO, NH," cr Na* K* Ca** Mg
SS Mean 30 5.291 5.535 3.521 0.397 0.154 0.338 0.091 0.032
S.D 14 5.231 3.411 2.400 0.469 0.066 0.229 0.056 0.022
Min 7 0.153 1.232 0.251 0.004 0.044 0.022 0.008 0.007
Max 75 26.417 16.199 10.409 2.076 0.317 1.188 0.242 0.098
DG Mean 22 3.222 4.390 2.607 0.111 0.111 0.245 0.043 0.029
S.D 12 3.593 2.839 1.906 0.152 0.054 0.208 0.022 0.017
Min 5 0.056 0.741 0.242 0.002 0.033 0.015 0.008 0.003
Max 78 17.508 14.458 12.287 0.965 0.335 1.406 0.118 0.079
MJ Mean 27 5.191 4.623 3.305 0.328 0.108 0.297 0.050 0.030
S.D 14 5.026 3.131 2.310 0.471 0.049 0.207 0.026 0.019
Min 4 0.092 0.813 0.312 0.001 0.014 0.017 0.009 0.003
Max 65 21.526 14.193 10.325 2.006 0.230 0.958 0.170 0.090
NP Mean 19 3.134 3.478 1.929 0.132 0.096 0.168 0.032 0.023
S.D 10 4.428 2.171 1.406 0.188 0.089 0.169 0.027 0.019
Min 7 0.240 0.709 0.385 0.012 0.008 0.014 0.001 0.002
Max 68 29.172 9.393 8.477 1.002 0.400 0.821 0.139 0.081
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Table 2. Descriptive statistics of concentration of carbon species
collected in 4 sites (unit: pg/m®)

Site Statistics oC EC
SS Mean 5.01 0.48
S.D 1.95 0.17
Min 2.02 0.11
Max 10.81 0.91
DG Mean 4.11 0.42
S.D 1.60 0.17
Min 1.67 0.07
Max 12.78 0.79
MJ Mean 5.67 0.51
S.D 2.02 0.17
Min 2.33 0.11
Max 10.69 0.84
NP Mean 4.09 0.41
S.D 1.99 0.14
Min 1.15 0.18
Max 11.76 0.78
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Fig. 5. Monthly variation of OC and EC concentration collected at 4 sites.



FAA G AFER A viEE {7
Uehd AzE Al
o] F=HstE HH(Fig 5), 1719
o249 8Yd 323 ugm’eE 7P we Fw
AL 122900 Ht 625 pgm’E =2
71Tt ol= oA5Hd| 7ol ofgh Al aet
AR S7h B ERAE s 7]
Ao Axpz et dhekhe] e E5H
8ol 027 pgm’= 7§ Hkon frlekael Fds)
A 5] WUtk 2y B3 3-59(0.53 pgm?’),
7REE 102(0.61 pgm’)ll =71 =94tk 928A
MAES] ARGERE opet AEA 4ol o]
uevg w53t 7R sAMAESY] &7t ST
Ak X ZUYe] 9 w1zl Aoz AlEH Y

L

“ =
.

”o
oM Fe& 0.0694 - 0.455 pg/m’
HATh 28y Feg Fol2 1
= Apolfo] yERsT. 4t

[¢)

=

o1

)
9

T

Mr xR

©

TS - AeE - FHRIE)
HL e} X]-ol| H]3] Fe, Zn, Mn, Cu, Cr, Cd9] &
=3 o]F Fe, Zn, Mn2 ZH2F 3.5-6.641, 3.5
-20.180, 2.2 - 4. 1902 YERTE o) AR A
Fe, Zn, Mno| 433] =2 FE2 Yehdtle 7]E9]
AFAzel URg}? t 8ol Fe, Zn, Mne %
Aol AN PAR gzl b Jong B2
2 AT AH A JFgS w2 Floz A7MEY, H3E
2] 79V, Ni, As7F ZH2F 1.2-22.080, 1.5-4.14Y,
L1-3.1419] % 3e Bk VI Ni A4
A EolaL, Ase S 9 MErdie] Aol B R,
™ =atele AgsleluR| e sEwd ol wiEE o)
71995 JFgS W Ao AR wEHEO)
B BEES Ak wi7I7ks, ARsA} Elelo] miRE
3l Fe, Zno] & ASZ 7= o}, #20) Bgs
9] Fe T%%& B 3449 029-1.884, Znd 0.13 -
252800 EFSIAt. 53] Zno] Wt EET 5HT|E
t} 0438 Yo}, wEo] H AYGdA] Hole 94
date] BB o] HAER] et A REFo
2)7] SlEiMe YRR
o] EpFaitiaL A}

= A
ol

AF
Ly

a

Table 3. Descriptive statistics of concentration of element species collected in 4 sites (unit: pg/m®)

Fe Zn Al Pb Mn

Cu

\% As Ni Cd Cr

SS 0.4549
0.3874
ND

2.1856

0.2051 0.0242 0.0216
0.2877 0.0405 0.0408
ND ND ND
1.4847 0.1888 0.2590

0.0206
0.0170
ND
0.0783

Mean
S.D
Min
Max

0.0106
0.0179

ND

0.1162

0.0075
0.0050
0.0008
0.0246

0.0061
0.0073
0.0008
0.0602

0.0024
0.0032
ND
0.0124

0.0012
0.0009
0.0001
0.0043

0.0008
0.0022
ND
0.0090

DG 0.1035
0.0822
ND

0.3500

0.0586 0.0330 0.0257
0.0728 0.0502 0.0174
ND ND  0.0026
0.3388 0.2358 0.0916

0.0076
0.0061
ND
0.0249

Mean
S.D
Min
Max

0.0067
0.0125

ND

0.0690

0.0088
0.0069
0.0007
0.0314

0.0065
0.0106
ND
0.0834

0.0037
0.0083
ND
0.0639

0.0006
0.0005
ND
0.0027

0.0005
0.0012
ND
0.0058

MJ 0.1305
0.1228
ND

0.7135

0.0257 0.0494 0.0156
0.0804 0.0436 0.0140
ND ND ND
0.4020 0.1437 0.0578

0.0092
0.0072
ND
0.0355

Mean
S.D
Min
Max

0.0061
0.0126

ND

0.0712

0.0031
0.0027
ND
0.0117

0.0032
0.0033
ND
0.0173

0.0011
0.0024
ND
0.0090

0.0007
0.0006
ND
0.0039

0.0007
0.0020
ND
0.0114

0.0694
0.0780
Min 0.0022
Max 0.5034

0.0102 0.0293 0.0087
0.0168 0.0378 0.0085
ND ND ND
0.0842 0.1601 0.0453

0.0050
0.0059
ND
0.0270

Mean
S.D

0.0030
0.0035

ND

0.0134

0.0004
0.0003
ND
0.0016

0.0021
0.0028
ND
0.0155

0.0009
0.0014
ND
0.0071

0.0003 0.0014
0.0002 0.0017
ND ND

0.0011 0.0068

ND : Not detected
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