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The Aerosol Characteristics in Coexistence of Asian Dust
and Haze during 15~ 17 March, 2009 in Seoul
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Abstract

The variation of the physicochemical properties of atmospheric aerosols in coexistence of the heavy Asian Dust
and Haze observed from 15" to 17" March 2009 in Seoul was scrutinized through the mass and ion concentration
observations and synoptic weather analysis. Although the ratio of PM1.0/PM 10 was constant at 0.3 (which is typical
during Asian Dust period in Korea) during the measurement period, both PM10 and PM 1.0 mass concentrations were
3~ 6 times and 2~ 4 times higher than that of clear days, respectively. Water-soluble ion components accounted for
30~ 50% of PM10 and 50~ 70% of PM1.0 mass concentration. One of the secondary pollutants, NO;~ was found to
be associated with Ca2™ and Na' in coarse mode indicating that the aerosol derived from natural source was affected
by anthropogenic pollutants. While the acidity of the aerosols increased in fine mode when the stagnation of weather
patterns was the strongest (March 16™), the alkalinity increased in coarse mode when new air masses arrived with a
southwestern wind after ending a period of stagnation (March 171). In the selected case, SOR (Sulfur Oxidation
Ratio, nSO,2/[nSO,?> +nS0,]) and NOR (Nitrogen Oxidation Ratio, nNO, /[nNO,;"+nNO,]) values of ion com-
ponents were higher than the general values during Asian Dust period. These results imply that dust aerosols could
be mixed with pollutants transported from China even in heavy Asian Dust casesin Korea.
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NN 247HA2) QgL v AL FT F Ao
2 (Chun et al., 2001), 3A}2] =3} SALS 3k} ub
A QwR A7l AE dae w9
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Wang et al., 20053a).
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Fig. 1. (@) Mass (ug/m?) and (b) Volume concentrations (um®*cm?) observed by Environmental Dust Monitor on 15~ 19

March, 2009 in Seoul.

J. KOSAE Voal. 27, No. 2(2011)



170 olaled - A - Ae -

.
A 1l - 5T - A oAl

EAe] AZH T ol Al e xRt g EA ]
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o157 %*4 (trajectory analysis)& 53] 4171 4
A elEHe A o AdE ARV HEL
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tion) o2 7|AFEANS FhEsle] w8 Zlow 3
ARs B, 9FE o, 223 (5= 80% o] 90%
oj3ld weo] QARIFNE == Pk AAE R
& A Al e = (534ug/im), A <H(517 ug/m’),
7}3} (454 pg/nd) 5-& 23 A7 =, A=, FAE
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Table 1. Sample information and meteorological condition.
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Sample name Sampling period Temp. (°C) Hum. (%) W.S. (m/s) Visi. (km)
Clear 11:00~ 11:00 40 33 17
S1(Haze) 3/15 20:00~ 3/16 8:00 75 42 6
S2 (AD+Haze) 3/16 8:00~ 3/17 8:00 77 29 3
S3(AD+Haze) 3/17 8:00~ 3/18 8:00 56 4.3 8
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Table 2. Asian dust and haze observations for the period of March 15~ 17 2009 in Seoul. The symbols [ and « denote
Asian dust and haze phenomena, respectively. The numbers represents the local standard time.

Date Naked eyes observation
March 15, 2009 001830-2040.
850820~ [§°0900- F°1200- F§°1500- [°1800- /2100~ /2400
March 16, 2009 001105~ 00°1200~ 00 %1500~ 00 °1800-2040.
=0115-=0300-=°0600-="0900-1105. =2040-="'2100-=22400-
- 8- §'0300- §'0600- H°0900- §°1200- K °1500- H °1800-2050.
March 17, 2009 000906 0021200~ 00°1500~ 00°1800~ 00 °2100~2250.

- =-=%0300- =20600- ="0900-0906.
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Fig. 2. Synoptic surface (left), 300 hPa (middle) weather charts and back trajectories (right) on 15(a~c), 16 (d~f) and
17 (g ~i) March 2009.
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Lidar observation in Seoul
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Fig. 3. LIDAR observations for the period of March 15~ 20, 2009 in Seoul (Seoul National University).
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Table 3. Mass concentration and lon concentrations for each sample (ug/m?%).

Sample name PM cl- NO;” SO, Na* NH,* K* Mg?* cat TI/TMP
28 0.8 2.7 31 0.6 15 0.2 0.1 0.6
Clear (C.V-9) ©2 (©7 (04 (06 (05 (03) (04 (04 (05 03
S1(Haze) PM10 90 36 17.7 8.3 3.0 6.9 05 0.4 15 05
S2(AD+Haze) 173 42 341 194 33 10.1 1.0 0.7 53 05
S3(AD+Haze) 97 15 9.0 109 20 33 0.4 0.4 43 0.3
13 0.4 2.0 25 0.3 13 0.1 0.0 0.2
Clear (CV) ©) @3y ©4H ©§ ©8 ©3 ©3 ©§ ©n >
S1(Haze) PM1.0 29 0.9 5.8 6.3 0.2 46 0.3 0.0 0.0 0.6
S2(AD+Haze) 51 1.1 14.1 1.2 03 6.4 0.6 0.0 0.0 0.7
S3(AD+Haze) 24 0.1 24 6.6 0.2 3.0 0.3 0.0 0.1 05
C(Clear) 05 05 0.7 0.8 05 0.9 0.8 0.3 0.3
S1 (Haze) PM1.0 0.3 0.2 0.3 0.8 0.1 0.7 0.6 0.0 0.0
S2(AD+Haze)  /PM10 0.3 0.3 0.4 0.6 0.1 0.6 0.6 0.0 0.0
S3(AD+Haze) 03 0.1 0.3 0.6 0.1 0.9 0.7 0.1 0.0
C.V.2 Coefficient of Variation=Standard deviation/Average
TI/TMP: Sum of total ion/Sum of total mass
E2 & NH, 9 7]el NHx: 7|2 wiEEd, s=7) U NH A AR 27 JeRd 712, NO,,
NH,HSO (NH,),SO,2 w14 Agt=w, 2= SO2Z 7} NH ' 7L obd g2 B3 Adslgdes o
T2 NHy7F HNOz9} 23k NH,NOzo] ez & Alshe SbA odgst AA w@EF ok - ol vE
A ko) (Robarge et al., 2002; Koutrakis et al., 1992).  1:12 Jehl=d 7]i3le 7oz oz o=
Az 2 Aol B53 NH, 9} 919 Jellz 23 2zl kol 2 Ca 3} Nat7} -A437)
2 A& 7Pkl AR NH, S 78] vlaslsl Foll o5 A3 S 7S v
2) 1o ) ]2k
o (28 4(b). T AAALL ofee} 2w A 412 =9 5 5o RS S
2 o]g38te] T349It} (Chow et al., 1996):
2 QAEY Z1 2930 F4(uptakeLt 1]
NH,NO;+NH,HS0,=0.29 NO; +0.192 nss—SO,*~ T2 HH-S- (heterogeneous reaction) 5-0] 53] dojd
4 9l= A S A Zsh} (Zhang and lwasaka, 2004;

NH,NO;+(NH,),S0,=0.29 NO, +0.38 nss— SO,
(2

oA d el A} NH,* A Az (Calculated NH,*Y)
3} NH,*#=3} (Observated NH, )& v w3t 2=} ot
2 Z A1 (Clear)e} S1, S| H= F= NH,NOz¢}
NH,SO,°] efl= #=5deh 2ejv} S29] 79 NH,"
#S NH AR srxeh B2 3e Mo
B A7l SAEA o> H7L Abze] 7138 E
7FeAdE Bolvh 28] 2R ©A] 7] AAE A e
A&gHA] AFxz QAd A (H,S0,) ol AA
(HNOy) o] A= o] olo] J&k& WAL Aoz Alx
=} wjglr] o] S2AZo|A]e] mA YA} o Aol A]

golee] AR olfE & AP & 5
o1t
B2/ 5 2HYA Jeoln NH, " #231e)

T 718 G3A] A 27 A A28

Hubert et al., 2003), 4} o= 7he] 231 2128 of
R T LT
Zgke] 4A] ¢kt (Zhang and Iwasaka, 1999). w}ehr]
AR Al oFel 9] Fxrt ¥ RS 1 o
= o2 BA AgeA) g2 C&'7) CaCo; 59
e 2 EAfsted o] g3l wHAFY (carbonate) o]t F-
sk (bicarbonate) o] -8 ZHntE 1 v 2 &4}
A B35}7] wj&Eo|c}(Wang et al., 2005a).

Tt AFAE Sl S29) o3t ol
A Cet* 7} gk dHr) 3~0u) o ZIHIEel® B
sh s ool dt Loleo] 1:1z Agsted
Ca*7} e B3t APYE 7sAE A
Y 4(@). W, 3 oFolee] G lE ek
Al dFE A2 2o B4l CaCo; 5 & A7
oA EA8HA] ¢k CO™ 5] ko= wiglch
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Fig. 4. The comparison between (a) anion and cation micro-equivalents concentrations, (b) calculated and observed
ammonium, and (c) calculated and observed chloride during the measurement period.
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o] g} 7o) Z+e 3pA} Al Aol =
W A S1~S29) S39) 3 7V 549l Aol A
o]v} S1~S2% A371e] Bske Fael
719 %7t wgrom dRe Q3 edEde) F7t
7b dolteh wil S3= AZelA H1w
AR dFE FErb FeA L e deA g =it
shobaie.

= 3014 vebgt wpe} o) Abel7)zh ek 298]
7o) ol &2 ojxkedgAld NOy 7t 7H S48
o1} )R] NO;/Ca ] 734 1.6~83% A=
o wek ko) Folsk H) el B27IZE Febe)
NO; &= Cat*s} vh2 7190% 7HAm glg o= At
2E9oh (& 4). uhd, 294 9] SO /Ca
e 3o g RE A8olr] 1L1~1602 1
Zpol7} ZA) dston o] F o]2zke] ARIA (R
= AAirslg g o gk el 01 ostx Yelde
v AR 717 Fotell s 0.8~0.96S viely Al A
T oolo] Ajsle] EAYE Aoz FEHY

ZH YAkl 23k NO; = wA dAke] NO; 7k
AAkste] 2 Aol REFH AR R Tk A
2AbEE o] ZHqiRke}l ubgEte] AAEHE oz
ole)= ¢)o} (Willeke and Whitby, 1975). =3 NO;~
2] 71808l NOs= Azdh Yaksh Agsple ojels
U 571 2o ixjele] ubg-o] sl o=
o2 #] ¢le}(Underwood et al., 2001; Dentener et al.,
1996). pAkqiAke] Caf' e} NO; 71 Adshe #A-
okt Zek:

4l

e Hme) AT o olRegEae] zUIAe)
Bgetedr] WEelh (1Y 4@). =T 2 YR
NO, /SOZ g& 7 ol e} #33l5ie o Sis)
20041 NO; 7k Au el Wi, S3e e8] g
EE R PRI CIEE L1E Al

]

4). A Qwa
ol Ao e F= el B4 oduA
o] ZAgte] A R3S Aoz Atado.
SRS I DA R R e EOED)
71 Jeii7| = shed, 3 M3 S8l #
48 A 72 AlgE AU 0] wiEelw
(Choi et al., 2001). & AHHoAM = A} A] Z7)81=
Cat ol9ol = s ddAte) Ax= FHgHE Navl
2o )R} opel o] TrRe AASE Aoz #=
Helov (& 3), o5 A Ca'st vtz o
Ao AP g% Bgs
s gAke] A% Na'el CI7e 9A wg= A
sty &3] “H—E—"ﬂ s dgAre] C 0}?41«1 A
Q= 7 4 sler o|F AA| #=H C 3 vz
st 2 AL FollAe] e dEAIe] At At
F7= AAEAS (2 40):
ss—Cl™=1.174 x Na* (Based on equivalent conc.)
4
H CIr 2 iRl Szt ARy e
e el #5717 F9 Ce A (Cl loss)ol

el Jeh o ezl EA)5= Cl"] 40~
60%7} £A1% Aoz AAg ogld Cl o] &

“ )
Ay

o] MASIE ol i

= g dAte] Na'zk ClI el

2HNO; (g)+CaCO; (s =
5(9+Ca00,(9 SEREY a,;s}vw O ol R4 HOlz 45)7]
— Ca(NO;), (s)+H20 (ag)+CO, (3)
dEoz O £48 Fa 292 Sol4 2924
Stot S2ola] EAIAl EAERe Folest gol 7 AYHEE & 4 Ak
o] 112 2 A3 AL 9ok e A T Y O AL ews} eIl wE4S, =T
Table 4. Ratio of each ion mass concentration for each samples.
Sample NO, /SO SO Icat NO, /Caet CI/NH,* Cl/K* Ca*/Nat
Clear 13 13 17 23 9.2 14
S1 (Haze) 5.9 14 8.3 12 134 0.5
S2 (AD+Haze) PM10-1.0 24 1.6 38 0.9 8.1 18
S3(AD+Haze) 15 11 16 41 9.3 22
Clear 0.8 12.6 9.9 0.3 238 0.7
S1(Haze) PM1.0 0.9 237.9 221.2 0.2 3.0 0.1
S2 (AD+Haze) ' 13 234.4 296.4 0.2 1.8 0.2
S3(AD+Haze) 0.4 4.3 16.5 0.1 0.5 0.9
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Table 5. The concentrations of gas phase species, SOR and NOR for each samples.

SO, O3 NO, CO NOR
PM10 PM1.0(PM2.5) PM10 PM1.0(PM2.5)
Clear 0.005 0.028 0.022 0.516 0.13 0.10 0.03 0.03
S1(Haze) 0.007 0.036 0.024 0.546 0.22 0.18 0.19 0.07
S2 (AD+Haze) 0.009 0.010 0.046 1.029 0.35 0.24 0.19 0.09
S3(AD+Haze) 0.009 0.032 0.032 0.708 0.23 0.15 0.08 0.02
Linet al. (Haze) - - - - 0.32 (0.30) 0.10 (0.09)
Wang et al. (AD) - - - - - (0.08) - (0.00)
Wang et al. (Spring) - - - - - (0.12) - (0.05)

(http://www.airkorea.or.kr)

L 9EA x259E v Z7}31t}(Han et al., 2005).
oty AE7|7 5 B2 sEe TR o9 EA
o] CI'&Ale f=3& 7oz Agdd. nE Ca’
7} Na'ol| v)s) x|ujalo]x =7} vhe 317 (< 50%)
ANA ClrAle A dojux] o Aoz deA gl
o1} (Zhang et al., 1999), S3o| 4] Ca2*/Na'7} 7}
EUT, S 7P Gkl = Bska Clii o]
71 who] dou} ClrAlel odsks A X & <l
A7t FAAE A A7 Bk

&, S1} 29 WA el Ol EAle]
obd ClI"Z77h vrelyte). nlAgdake] CIm <l9A
2gEA2RE & 79 NHClO ez Exis)e
(Kaneyasu et al., 1999) A A A7te] o3k 73-¢- KCI
9] 3ex ZA) 3t} (Yamasoe et al., 2000). S13+ S2
o] A dA} g el CITINH, ¢} CIT/KY e w]&-&
2 Az, CITINH, = 593 0.29] k& Jepigd
ov], oo FAAS R 09 o1 4E ek
oieh Wb CI/K* 2] 74 72 w)go] gh d} Al
712 Wi 2 WS vehl KCle] ClI7o] Z7tel 7]
A= dkE Aoz FEHEUHR webx ClT 3t
NH, 7} 22 7)€ 2t o2 AlsEn QF A
o] 59| F=rt F7ste] wAYA od A Cl STt
7F g Ao m wekHo.

4.2 Al 7|=te] Abstx (Oxidation)

7] Fell Rf3le dAE 2 719E 7] 8
£t 2ell= d7)el Rfeke dAE F Ay
WEE o8] sk Bl {iAk Aol (particle
conversion process)-2 7 X|wA] A=t} weba] ¢
Are] 2AS FAksA mHg oz SO, NO; L

2] 31 Carbonaceous materids=. o] Fo]z] glelx 4=
] ¢lo} (Matsumoto and Okita, 1998). o] = S]x}Ak
SO,%, NO; & 7k2A SO,¢t NO,2HE] 7]9l8}7]
ol], Aol A2 e deiA A dAE,
SOR (Sulfur Oxidation Ratio, nSO,?/[nSO,% + nSO,])
7} NOR (Nitrogen Oxidation Ratio, NNO;/[nNO;™+
NO)& o) 71ste] 413} Hxg #53 4 o
AsAdTe] mad dxkedEA o] W £A] A
o] A% SORL 0.1 ¢]&lz FI=x=glom (Truex et
al.,, 1980), 9% o =AlejlA] =33 SORZ} NOR<]
7S PM10e|A] Z+Z+ 0.32¢} 0.10, PM2.56)| A Z+=}
0.307} 0.092 Yehic}(Lin, 2002). A} = =A]e
A A3 PM2.52] SORz} NOR<] 7k-2 0.083} 0o
2 93)¥ 23 Hwel 0129 0.058T sk
(Wang et al., 2005b). o]ol] Z73}e] At A] SOR¥}
NOR®| k& T3t Atz:ell AHg-d 7k B3
2 A xgel 22 F &A% (http://www.airkorea.
orkr) A8 5 AR&-slgh B2 Z(Clear)2 SOReo|
PM10¢j| A= 0.13, PML.0o A= 0.12 vl A]&o]
Axteggae] el A9 vehid (& 5).
0% A} A2 SO,8 NOS| xis FFoz s
Faneh e g vehls doz eid o
v (Xie et al., 2005) #2717 54k SO,9 NO, =5
2 el vl FHl =3

A S2|M O& A3 7k} 2 d8A o] 71
EL T YeRld (& 5). ol¢k 3 A7 F
ot SOR3} NOR®| 3t= gk dell v|a] 1.5~6u] o]
Aoz /. 53] Ab7Izle] Al EHE S1e
735 NO,9| w=+ g2 ol wla] 1L1wfivto] Z7}
ot NOR2 2~6ull F7lsl o]n] Abslrh 218 =l

>
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