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ABSTRACT

PM2.5 samples were measured at two sites, Hadan (suburban site) and Anrak (roadside site) in Busan area.
PM2.5 sampling was performed for 24-hour intervals by the FH95 particulate sampler. Aerosol samples were
collected on PTFE filter. A total of 60 particulate samples were collected, and samples were measured for
particulate mass concentration, metallic elements (Cr, Mn, Ni, Cu, Se, Fe, Pb, and Zn) and water-soluble elements
(CI, NOy~, SO4%", NH,*, Nat, Ca,*, Mg,* and K+). Mass concentration in Hadan ranged 24.23 ~ 57.12 pg/mv* and
60.22 ~72.12 wg/nv'in Yellow Sand Events. Major cations in Hadan and Anrak site is NH,*and Na* respectively.
S042- was the most abundant specie in the PM2.5 fraction for Hadan site and Anrak site. Hadan site showed
higher concentrations in SO,2- and NH*. In Anrak site, the concentration of SO,> and Na* was higher than other
ions. Prominent metallic elements were Fe and Pb in two sites. Principal component analysis showed that main
source of PM2.5 aerosol particles was non-metal related source which was resulted in relating elements as Cr, Ni,
and Pb at Hadan site. Anrak site also has resulted PM2.5 aerosol particles source, which was related its element
like Zn. and Ni. The SAS package analysis also showed that long-range transport effect at Hadan area due to

Yellow Sand Event by the prevailing westerlies.
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Table 1. Concentration of ionic components in PM2.5 particles at

Hadan site
SITE Hadan PM; s(g/ o)
Mean MAX, MIN, St. dev,

Mass 45,65 75.12 24.23 11.73

cl’ 0.91 2.70 0.32 0.75
NO3y~ 4.54 8,27 0.85 2.17
S0 8.02 13.63 w2 2.08
Na® 0.82 1.20 0.34 0.22
NH 413 7.28 1.59 1.23

K 1.34 3.31 0.53 0.07
v’ 0.25 03 013 0.07
ca? 1.93 4.29 0.42 1.06

Table 2. Concentration of ionic components in PM2.5 particles at

Hadan site  (Yellow Sand Events)

Hadan(Y, S /ol
SITE adan(Y.S) PMz s{sg/nt)

Mean MAX, MIN, St. dev.

Mass 66.89 5712 60,22 5,38
cr 1.16 1,96 0.32 0.61
NOs~ 7.4 8.27 6.38 0,74
S0, 11.70 13.63 7.70 2.32
Na® 0,79 0.98 0.53 0.18
NHy 5.27 6.47 3.46 114
K 1.50 3.31 0,53 2t
g2 0.25 0.34 0.18 6.07
ca® 3.72 4.29 3.08 0.45

Sob Huefgh, Ay 18l i BEEAE JERLch

Table 1 ahebgoll Al X% PM2s9] 840l
Lpehdl glolth A1 o] &4k
FEHS UEhE e SO0 08 v
2] Z§-, NH o] 7b A vhebysitt,
04 NH® 591 557h 70 b
= 3lekE o] FE ko] WYx]E o 2 A A3
Thof A HHEE] = oddEge oaog Ho|n,
9042 o] 735 shdbgol ARt #7190 R A= A

Ol

U)_

Aof vig] FEgFe] 3 71] HERG T 0] SO,2-
l 7] F AFAIZRO] B4 2~3F 2 MEH 71zt
Wl

S0 ARG Ao e A0z AR

Table 25 stbgoll X AEHAl At do] vhe}
vhodsuke] S84 o] RAR I Ht FHEEE
B ﬁolu} Table 17} vlwal] 2o &o]22 3¢
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Table 3. Concentration of ionic components in PM2.5 particles at

Anrak site
SiTE Anrak PM2 s( g/ of )
MAX. MIN, St. dev,
Mass 56.75 77.12 39.23 9,67
cr 2.1 7.05 1.03 1.51
NOy 411 8.79 0.85 2.59
S0 7.52 12.21 4.22 2.53
Na™ 3.03 5.19 1.80 0.83
N, 2.61 4.16 0.94 0.94
K 1.20 3.31 0.53 0.67
vg* 0.26 0.37 0.16 0.06
Ca 1.05 3.02 0.42 0.59
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Fig. 3. Concentration of metallic elements in Hadan site.
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Table 4. Correlation matrix of ions and metallic elements in Hadan

S0 NOy o Na' K ca® C's N cr Mo Fe Nt cu Se Zn Pb

sot { 1.00
Noy’ 016 1.00

< 023 03 1.00

Na 0.05 013 -0.03 1.00

X 048 028 0.3 073 100

ca? 065 045 036 032 072 1.00
e 0.60 0.30 0.14 016 039 077 1.00

w |04 032 o024 05 08 05 02 1.00

ce | 017 000 -0.18 014 033 -0.10 032 019 100

M |-0.25 032 012 -0.23 008 033 -027 -0l 016 1.00

Fe {003 ooz 007 003 003 029 00 -0.9 030 017 1.00

xi | -017 001 007 05 024 -0.07 026 016 0.9 018 024 1.00

o 016 -0.14 021 005 -0.26 ©0.17 -0.07 -0.23 -0.45 -0.28 -0.03 -0.44 1.00

S {008 008 -0.2¢ -028 025 03 01l 010 025 0.2 -0.04 02 -022 100

Zn 012/ 015 0.28 010 025 006 0.3 004 008 085 027 015 -015 003 1.00

EY 001 01l 0zl 000 028 00 005 02 05 048 027 085 02 013 088 1.00

Table 5. Correlation matrix of ions and metallic elements in Anrak

E Nos € da® K ca® e NHC cr o Fo Ni Cu Se n P
sot | 1.00
oy 0.16  1.00

<l 0.23 033 1.00

Na 0.05  0.13 -0.03 1.00

K 043 028 OH 073 1.00
Ca® 0.85 ©0.45 036 032 072 1.00
ue” 060 030 014 018 039 077 1.00

M 046 032 024 05 08 05 029 1.00

o |-0.17 000 038 014 033 -0.10 03 019 1.00

w |-025 -032 01z -0.23 008 03 -0.27 -0.I1 016 1.00

Fe Joo0s ooz o007 003 003 020 00 w0 030 017 1.00

Ni | -0.17 o1 -0.07 015 024 -007 024 018 094 018 024 100

Cu 016 -0.14 021 -005 -0.26 017 -0.07 -0.23 -0.45 028 003 044 100

se |00 009 024 -0.228 025 03 01l 010 02 -02 -004 02 -0.22 190

n 612: 016 028 0J0 025 006 -0.3 004 008 05 027 015 015 003 100

P 001 011 021 000 028 00l -005 022 05 048 027 05 021 013 068 1.00
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ol 24 8-k AR S ARy TR ¢

PEolA] 91421 2@l SO2-3% NOs-o] 4

Al ghol 0492 yrebgt SO,2-3 NH,+ & AaHA
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Table 6. Principal component analysis of ions and metallic elements

in Hadan site
Factor Loadings
Factor 1 |Factor 2 |Factor 3 {Factor 4 |Factor §
50,° 0.18 0.77 0.27 -0.15 | 0.06
NOS™ 0.30 0.74 019 | 0.09 0.06
o 012 | 0.06 0.67 0.41 0.01
Na' 0.15 0.18 | -0.22 | 0.53 0.59
K 0.62 018 | -0.22 | -0.38 | 0.33
ca® 0.16 0.79 0.32 0.13 | -0.31
e 0.25 0.33 -0.49 0.41 | -0.02
N 0.5 | 049 | 011 | -0.41 | 0.36
cr 0.81 -0.27 | -0.28 | 0.29 -0.15
™ 0.25 -0.64 0.4 -0.17 | 0.18
Fe 0.34 -0.01 0.34 0.37 -0.21
Ni 0.79 -0.29 019 | 0.32 -0.14
Cu -0.54 0.27 0.24 0.17 | -0.01
Se 0.33 0.18 623 {033 [ -0.%0
In 0.44 -0.18 | 072 i -0.22 i 0.08
Pb 0.74 -0.22 0.43 0.02 0.01
Eigenvalue 3.52 2.97 2.25 1.53 1.33
c""RL":i")ve o o S4x 64 7%
Th3-ol Table 6:& 3HeHE X249 245 BAA|

fAdoj 2327 FEHAAE-E ¥4 Factor loadingS
T-3lo] LR Zo|th Factor 19] ¢t A EH &
H489 egfet ke A %, a Ak 7HE
A UERE Ao] Cri2A] 0.810]M, Ni, PbaeAM & vt

Ebstrh. @ A 5-E7F A vhERd J—E— ]%%‘ v &9
o7 FANE AL FH 3R ddFH oA
Factor 2+= Ca?+0.79, SO 2~ .77, NO; 0.74% 1}
Bl o o]52 BT 84 o] 2R OZ s} 7
Eoke] FAER Catd} ool AMgo R Q%
SOx, NOs5-9] 7h224F £40] SO,2-, NOs-£¢] 3=
A ol&A R0 WEsle] BAF 2] S wol B
A FEEoIR H o7 AlgE)

Factor 3-& Aund 7p3 3-8 zkS ‘/}5}‘4‘ 7o}
Zn°] 0.720 Cl-°] 0672 &0 B2 S 1}
ElfiGich Factor 39 go= #4384 9\1‘“ 1 K]
& 27b) g wiEdolet Y€k Factor 48]
& AEHEE Natol gho] 05322 714 %4 et
wom, I tgo® Cl-gtol 0.412 FAMEUT
Factor 4o &< v X YL U4l
NaClg seheu},

Table 72 QFetg |92l =84 o| 2 E} F4
&2 Factor loading@hs 7% 29E vehyioich
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Table 7. Principal component analysis of ions and metallic elements

in Anrak site
Factor Loadings
Factor | [Factor 2 [Factor 3 (Factor 4 |Factor S
[ -0.21 0.78 -0.29 0.22 0.03
N0y -0.28 0.59 -0.38 -0.15 0.30
c1r -0.72 0.31 0.11 0.01 0.16
Na' -0.31 0.52 -0.11 0.31 0.64
K -0.08 0.54 0.30 0.31 -0.61
ca” -0.44 0.33 0.62 0.19 -0.08
vg* -0.17 0.22 0.75 0.42 0,09
NH," -0,19 0.61 -0.57 0.21 -0.31
cr 0.60 0.03 0,45 0.01 0.32
Mn -0.10 ; -0.48 -0.43 ; 0.65 -0.05
Fe 0.67 0.46 0.31 -0.04 0.16
Ni 0.72 -0.13 -0.12 0.45 0.15
Cu 0.68 0.45 -0,09 0.01 -0.24
Se -0.17 | -0.58 -0.06 0.66 0.12
n 0.81 0.28 -0.04 0.30 0,07
Pb 0.60 0.25 -0.24 -0.07 0.19
Eigenvalue 3.91 3.34 2,22 1.70 1.29
C“‘;:‘ilve ux o4 | 5o e

Factor 57HA19] *#2] 7|od&2 78%% AWFe 4
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1. F7 4 A el slkEollA PM2s8] SH R
24.23~57.12 pg/m O & ERGTE staER e Al
HAFA %%“ 1= 60.22~72.12 pg/m' O 2 vER
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