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Abstract

This study aimed to show the chemical characteristics of PM;q and PM, 5 during Asian dust (AD) events and
high PM episodes observed in Seoul. Time-resolved chemical composition of PM,, or PM,5 was monitored in 1
hour interval using ambient ion monitor, semi-continuous carbon monitor, and on-line XRF spectrometer at Seoul
intensive monitoring site in 2009. Considering that AD events were classified into three different cases according
to the source area and pathway, the concentrations of ammonium-sulfate and trace metal components were
relatively high when the AD were occurred in Gobi and inner-mongolia and transported across the Bohai bay. In
addition, the influence of alkaline dust, which carried from saline land located in the northeastern China, was
observed when the AD was originated from Gobi, inner-mongolia, and Manchuria. Except AD events, the high PM
episodes observed in Seoul were impacted by various anthropogenic sources such as biomass burning, motor
vehicle, oil combustion and road dust.
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Table 1. Instrumental conditions for IC analysis.
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Fig. 1. Monthly variation of (a) meteorological condition and (b) PM concentration at Seoul intensive monitoring site in

2009.

= 7187432 A1 284 A 3%



20099 M-gA ] A} gl s AR Al A wlAEAe) Sed e B 285
Table 2. Asian dust and high PM episodes observed at Seoul intensive monitoring site in 2009.
) Average (ug/md) Maximum 1 hr mean (ug/m°) Duration
Episodes No. Date
PM 1, PMs PM 1, PMs (hour)

1 2/20 705.3 61.4 1385.0 96.9 9

2 3/14 193.0 19.3 272.0 25.2 14

3 3/15~18 289.9 62.9 597.0 99.1 62

4 5/13 144.7 194 174.0 29.8 13
Asian dust 5 9/22~23 1315 34.0 248.0 63.0 38

6 10/19 169.5 19.5 179.0 224 2

7 10/20 220.1 22.8 556.0 40.9 22

8 12/25~26 618.6 109.9 1191.0 191.4 15

9 12/29~30 153.7 56.5 221.0 76.0 16

1 2/5~8 274.0 131.5 274.0 131.5 55

2 2/11~12 242.0 160.1 242.0 160.1 27
High PM 3 47~12 298.0 135.8 298.0 135.8 123

4 6/1~2 429.0 221.7 429.0 221.7 13

5 8/13~14 230.0 125.7 230.0 125.7 9

Table 3. Summary of chemical composition of PM,, and PM, s measured at Seoul intensive monitoring site in 2009.

(unit: pg/md)

Species Average Standard deviation Maximum Minimum Number of data
Mass 74.4 63.2 1,385.0 20 8,686
PM AMSUL* 155 131 104.2 04 7,281
10 AMNIT* 8.1 7.6 715 <DL** 7,281
Mass 321 225 221.7 0.7 8,332
oC 4.8 32 26.7 <DL*** 6,775
EC 24 16 175 < DL*** 6,753
PM; 5
CM* 32 4.7 59.6 05 4,357
TM* 0.1 0.1 0.6 < DL**** 4,357

*AMSUL: Ammonium-sulfate, AMNIT: Ammonium-nitrate, CM: Crustal mass, TM: Trace metal
**DL: Detection limit of ambient ion monitor, 0.05 pg/m®

***DL: Detection limit of semi-continuous OC/EC monitor, 0.4 ug/m®

***xxDL: Detection limit of online-XRF, 0.01 ug/m®
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Fig. 2. Monthly variation of chemical composition of PM at Seoul intensive monitoring site in 2009.
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Fig. 3. Seasonal average concentration of particulate species during AD episodes observed in 2009.

Table 4. Classification of the source region and transfer route of Asian dust episodes.

Category Source — Route Episodes

Casel Manchuria— North Korea— South Korea 3/14, 5/13, 10/20~ 21

Casell Gobi/Inner Mongolia— Bohai bay — South Korea 2/20, 9/21~ 23, 12/25~ 26, 12/29~ 30
Caselll Loss plateau — Shantung — South Korea 10/19

*The episode observed from 15 to 18 March is excepted because it is amixed case of case |l and case l1l.
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Table 5. VARIMAX rotated factor loading matrix for Asian dust episodes in 2009.

Casel Case 2 Case 3
1 2 3 4 1 2 3 4 1 2 3

PM, 5 0.54 0.58 0.46 0.68 0.65 0.69
PM 0.95 0.91 0.85 041
SO, 041 0.69 0.51 0.86
NO; 0.87 0.85
Cl- 0.81 0.52 0.76 0.30 0.66 0.38
Na* 0.97 0.92 0.97
NH,* 0.85 0.58 0.70
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Mg?* 0.98 0.92 0.96
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oC 0.74 0.78 0.43 0.50 0.84
EC 0.72 0.85 0.32 0.88
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Ca 0.87 043 0.96 0.97
Ti 0.98 0.95 0.94
\% 0.87 0.97 0.62 0.76
Cr 0.98 0.97 0.87 0.48
Mn 0.98 0.96 0.91
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Co 0.97 0.70 0.67 0.94
Ni 0.97 0.86 0.55 0.80
As 0.66 0.66 0.42 0.87
Se 0.55 0.64 0.97 0.88
Zn 0.80 0.90 0.61
Pb 0.53 0.76 0.42 0.89 0.62 0.69
Eigenvalue 11.72 7.69 2.75 111 12.85 6.48 2.62 131 15.74 4,01 2.40
Variance%  46.87 30.77 11.01 4.45 51.41 25.94 10.47 5.25 62.95 16.04 9.58
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Table 6. VARIMAX rotated factor loading matrix for high PM episodes in 2009.
2/11 4/9 6/1
1 2 3 1 2 3 1 2 3 4 5

PM, s 0.80 0.65 0.57 0.42 0.76

PMy, 0.60 0.56 0.67 0.40 0.53 0.57

SO, 0.75 0.39 0.89 0.95

NO;~ 0.83 0.65 0.49 0.54 0.45
Cl™ 0.78 0.55 0.63 0.80

Na* 0.87 0.90 0.93

NH,* 0.90 0.76 0.80 0.44 0.31
K* 0.68 0.59 0.78 0.95

Mg?* 0.67 0.68 0.83 0.77 0.47

(= 0.84 0.39 0.91 0.45 0.54

oC 0.64 0.71 0.85 0.77 0.30 0.37
EC 0.87 0.23 0.74 0.41 0.92
K 0.76 0.64 0.81 0.72 0.54

Ca 0.93 0.60 0.96

Ti 0.58 0.80 0.53 0.61 0.40 0.94

\% 0.80 0.88 0.75 0.36
Cr 0.76 0.29 0.53 0.75 0.76

Mn 0.71 0.61 0.77 0.50 0.83 0.53

Fe 0.68 0.71 0.54 0.70 0.90

Co 0.89 0.52 0.71 0.71 0.58
Ni 0.87 0.21 0.88 0.76 0.38
As 0.92 0.79 0.51 0.92

Se 0.81 0.75 0.58 0.97

Zn 0.71 0.38 0.80 0.95

Pb 0.86 0.80 0.53 0.93

Eigenvalue 19.29 1.63 143 1541 2.62 2.08 9.47 7.75 3.17 1.93 1.07
Variance%  77.15 6.53 5.73 61.64 10.48 8.23 38.58 31.01 12.69 7.72 4.28
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(Ferguson and Cox, 1993). QA2 AA3 =
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=
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Naf, Mg?* & E3she slgygrte] Adde] 3520
2 EAEY F5AA o= 2hFolA] el s)e]
23S 714 FYHEE A (Case 1)9] AS-
SO,7, Cat¥, Zn, Pb A E-E0] A3tz =%,
31 - W EFel A Bdste] {3 EE A (Case
2ol A& SO, Na" JEEo] S3]xtz Ee|=9)
ok o] gt A = FEHF ARA G| Bx3)
™ CaCO;, CaSO,, Na;SO,, NaCl 5-9] F&3ef&
e e Eoke] AR fARBIER o] F 71A]
AR A Al obe] Bxle] Ui 3t}
FUEAE 7FsA S Be{FEr (Chenet al., 2009; Gill
etal., 2002). o]¥3t A= F FHEAGL 7=z
Aol A A sE Qo] A9l ke Hxle] At
Al A ol gsivte 712 A AT} A
iy vlAHR] AR A] AFEE QAN v

A ZAE} Adste] £A3E A, = 63 7o) 29
I 49 AEelM FEAHe=E Al1dAZ SO,
NH,", K* K, EC, OC, As, Se, Pb =3} 7to] AA| g4
WjEPdos FAHRE RS FEEUL, 1 9 7]
Fds Aol o3 33 (Cr, Ni, Co, Cd)z} wjakal
A)e|| ]38k ¢J3F(Ca, Ti, Fe, Mn, C&2*, Mg?h) oz >
A= e x| AR (USEPA, 2009). 64 At
#ol M= o2idt aE ¢l NO; , NH,', V, Zn, Pb
AEES d3E Aeat viEdes FAEHE AR
o] Al1elxtz ek, Na', CI' 8 Z3+sh= &g
Z2] G 37 FaAEe] T2 Al Bl v
BAgE WAl oJgk Aoz AtE st (Moonetal,
2011).
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