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Abstract

This study investigated physicochemical and optical characteristics for three episodes of Asian dust, stagnant

haze and long-range transport haze and for one clean day. PM,, mass concentration during Asian dust and two haze

days was increased by 2~9 times compared to that of clean episode.

During Asian dust episode, coarse particle concentration was increased and the mass concentration of calcium in

a coarse mode (1.8~ 10 um) was 5.4 ug/m> which was 7 times higher than that of clean episode. The calcium was

presented as a form of CaCOj; in a coarse mode. During the two haze episodes, fine particle (< 1.8 um) concen-

tration was increased and secondary inorganic pollutants such as sulfate, ammonium and nitrate composed of 90%
of the total ions. (NH,),SO, and NH,NO; were dominant in a fine mode for stagnant haze episode. But they were

the most dominant form in both fine mode and coarse mode for long-range transport haze episode. According to the

optical properties for each episode (Asian dust, stagnant haze and long-range transport haze) were classified as

dust, black carbon and mixture, respectively.
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Case Sampling period Temperature (°C) Vorticity (s™") Wind speed (m/s)
[LST] [surface] [850 hPa] [850 hPa]
Clean 4/13 9:20~4/14 9:20 34 - 6.9
Asian dust 3/15 17:00~3/16 15:20 2.7 - 19.4
Haze 1 11/17 11:40~11/18 10:50 6.2 1.8 3.0
Haze 2 11/30 14:00~ 12/1 8:45 7.6 -23 9.3

lﬁL_ﬂC I;LMARH_\II |2IK§1 IJI.IAR_@IO}

M_j Mm m-omv.«m 16 MAR 20|0)

T TS IR

Choaled & 10 SLST 16 AR Z0T0

Fig. 1. Surface weather charts for Asian dust case at dust emission (left) observed in most PM,, sites in Korea penin-

sular (right).
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Fig. 2. Weather charts on 850 hPa and Showalter stability index between 925 and 700 hPa for haze case, (a), (b) Nov.

17 12UTC and (c), (d) Nov. 30 00 UTC, 2010.
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Fig. 3. Time series of PM,,, PM, s mass concentrations observed by Environmental Dust Monitor for (a) clean, (b) Asian

dust, (c) haze 1, and (d) haze 2 in 2010.
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Fig. 4. Size-segregated mass concentration by MOUDI.
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(NHy)= w712 wjZ=4 NHHSO, 1} (NH,),S0,2
mA) AgE 3 P NHy7} HNO, ¢} Aghs] NH,NO,
2 Z) 8} (Robarge et al., 2002; Koutrakis ez al., 1992;
Ohta and Okita, 1990). 2 <7-]4] (NH,),SO,, NH,NO,
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[(NH,),SO,]=1.38[nss-SO,*]

[NH,NO;]=4.44[ex-NH,*]

J. Korean Soc. Atmos. Environ., Vol. 31, No. 2, 2015



138 %2F- 74

[ o '(:\‘:]'\9_‘_]"7-‘}";1{‘%'7\:1 =

rlo

2] A1¢) ex-NH,*= NH,*7} nss-SO,%°¢} Agslx

W NH, Y2 Yehlin o2 o] A48k,
[ex-NH,*]=[NH,*]—0.27[(NH,),SO,]

NH,*¢] ZeFs%7} nss-SO,29] Fefswnc) =z
< 7<% 50,22 WA E3 XA NHNO;:= 231X
T (NH,),SO,3ef=t Zd= o] oh&s} o] A
o} (Lee et al., 2013).

=
ol
e
Ak

[(NH,),S04]=3.67[NH,*]

3193 A} (Sea salt) == Nato] @ =] 3 o]
2t 71913 ar 7HA ke Al AR (Wang et al., 2005;
Chan et al., 1997).

[Sea salt]=2.54[Na™]

S} o o ofole FeFswe] o] gol

FFsxo] grot A AAtE=), ol ARkt
A3 COy 7} o]l eazntEadZze HEER ¢
| WEoz oA ok whEbA okl o2
FeFsE A7 EAEA g2 CO wxolA 7]Q1g
tha & 4= 9lomg ofolE JEFsx o] ol o
W= Purt F o), 2 2ol & COY et /1A
3led CaCO; 5=% AAFI (Lee et al., 2013; Wang
et al., 2005). =3 EoFAEF} o3} $FEA o] A
sled ZA)F Aoz A=A Ca(NOs),2} CaSO,:= T
5 o Aakslodet (1) "HA] cfel&
Fox o] Sol T = Fre =3, CaCo;
AArstar g Ca**7} Qlojof gk (2) NH, Y2}
gatar e SO,7 2k NO; 7} 9lojeof ghet o] A4t
& uj), Wang et al. (2005)o] 4] A A]8+ o= NH,* <}
SO,”",NO; ¢] AaA S 73 5 ARAo] ¥ &
Mz AT

9] wel wet o] RES] AF HeE ATA
sk a7 63} 2ol 7] 3t g NH\NO; 557} 3.7
ugm’2 7 B3 F2 uN xRt Gode] EAsi)
st o M= 2Hd 7] BAl]l CaCOs7)F 2o At
3ol Al 13.5ug/m* o2 A3 & (1.4 ug/mel 1]
8 oF 100] =}k AAA ATt M e mAI YA} o
oj A NH,NO; (10.8 ug/m®), (NH,),SO, (10.1 ug/m®)
o2 ok AAY 4 AR 299t
g el Al NH,NO; (5.7 ug/m’), (NH,),SO, (4.1 ug/m?)
s=olm, mlA| YA} e Fel A (NH,),S0, (36.9 ug/m?),

N

5 X

==
1=

o o

to wy i ofL i
]

F=d)7)37g st A A 31 A2 s

30
Coarse mode (PM;o~PMj ) CaCO,
Sea salt
20 1 s (NH,4),SO,
« NH,NO;3
%7 —1CaS0,
= =1 Ca(NO,),
10 A
E ]
0 ommno!
Dust Haze 1 Haze 2 Clean
60
Fine mode (PM; g)
50 A
40 A
£ 30]
=
20
10 1
ST
PO
0 .
Clean

Fig. 6. Reconstruction of major ionic components of co-
arse (top) and fine (bottom) particle for each case.

NH,NO; (7.6 ug/m’) =02 o} A4 %A 9
73%- NH,NO;9} (NH,),S0,7F =2 m|A|J=} o el
EAse b we) AAE 5 AR =29
Al = EA g A f dFAEY 294
AL el EAlsh= Ewe AArE I FAkg e A
FAFRYE 25 0972 vl$ 3, VEFO] AAk
S A el ARASsE 47 0.67,06302 R
FHe] ARA SR Yok wEbA vieE A ol F
& 2 29 3719 2Rl EAEE 5w, A
Ak, Ak o]&e] (NH,),S0,9F NH,NO,29| ez
g Aoz BAEG o] 2dTy|7} Py
2] odeks WhE Aol gREo| nMYAte} =
| = A BEE Belvhs

3.2.3 7|Ete| A3z

F1e] ks w8 37 505 WA Qe
B2 A AR} AL g e Do) o



201060 A&l A

Table 3. The concentrations of gaseous pollutants, SOR
and NOR for each case.

23 3}e} <

SO, NO, SOR NOR

Case
ppb PM;,
. Asian dust 4 13 0.18 0.06
This
ug,  Hazel 9 57 0.18  0.09
(;” yl) Haze 2 9 52 044 026
€O Clean 2 17 018 003

gt g% olrh SO, ¢ NO; &= 27 SO, NO, 59
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NOR)E F2 o-g3hc).
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Aol 7 A4 2380 AH HlFe] ot
SORe] g7} 0.1 ¢]3}2 F=Ft}(Truex et al., 1980).
Colbeck and Harrison (1983)2] ¢ T4+ SOR}
NORe| 77t 0259} 0.1 o4HQ 74 A7e] 4%
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50, NO, et # 7 dlelz TR}
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Table 4. Classification of aerosol type according to aero-
sol optical properties for Asian dust and two haze

cases.
AE AOT Tvpe
(400~1020nm) (500 nm) P
Asian dust 0.12 0.48 Dust
Haze 1 1.38 0.38 Black carbon
Haze 2 1.01 1.08 Mixture

Table 5. Criteria of aerosol classification using columnar
aerosol optical properties (adapted from Lee et
al., 2010; Mielonen et al., 2009; Kim et al., 2007).

AE<08 08<AE<I1.2 AE<I1.2
Coarse mode Mixture Fine mode
SSA 0.95
(NonfgobnsnéjbinZ) Uncertain Non-absorbing
Mixture
SSA 400nm=0.95
Dust Black carb
(Absorbing) o ack carbon
2.0

] Dust

£\ Haze 1

() Haze 2

Angstrom exponent

|
|
: l
0 80 0.85 0.90 0.95 1.00

Single scattering albedo (400 nm)

Fig. 7. Scatter-plots between hourly averaged f\ngstrém
exponent and Single scattering albedo for Asian
dust and two haze cases.

QA e nolch AU Aol BE 2w
Alell A 72t i &7kl Az A glem, 7t
A Mol Mutda E AEALe) vl 2
27k "71 8.9l FA 7]ed8lE 2 (Kim, 2012; Lee et
al., 2005) AAA ARk A4t AgAE vl &S]
33 W) Aow FHY 4 9ok

st 71848k 3% A 314 A 235

4 29 3 HE

of
¥ QTN 201096 B2 3219 W of
o2F AlE ARl WAL xR o
kAN DF A e dTblE B
shof oI5l Be) 9 shol, HeEE AU}

A= BAL, QRN 25 7|25 gl Blsl] PM,
wx7) 2483, ) 2e 3, 3L AAA Qe 2
A #% AFAkEe] PMo/PM e 42 66%,
19%, 72%, 65%=H 3 b W 29}, F 744
Aol M= wAIYAE SAEHA . 3hehe B oz
AL w2 At 39 Ca’t FEr}t S4ugm’z
7R el wls) oF Tvl FUF T, AAA AFA

A= mM YRl ddo] o]z o PFEA] NO; ,
SO, NH,* ¥ =7} 27} 13.4,7.3,52ug/m’ &2
Eooh A aE AFAReAE wAYA 9o
o] A NO;™ (35.8 ug/m?), SO* (27 ug/m?)e] 2o Y=}
g oA NO;™ (14.6 ug/m’)e] &9k} o] 24 #-&
Asle] d)7] Fo Al 25 Ak A
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NOR- AAE] 4% AFAlelr] 53] o} 9%
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3, AAR % ARAElE EE ez RN
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