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Abstract

Seasonal variations of chemical composition and optical properties of aerosols at Seoul and Gosan were investi-
gated using the ground-based aerosol measurements and an optical model calculation. The mass fraction of elemen-
tal carbon was 8 ~17%, but its contribution on light absorption was high up to 29~48% in Seoul. In Gosan, the
contribution of water soluble aerosols on aerosol extinction was 83~94% due to the high mass fraction of these
particles in the range of 56~ 88%. Model calculation showed that the water holding capacity of aerosols was larger
in Gosan than in Seoul because of higher relative humidity and temperature along with abundant water soluble
aerosols. Difference between measured and calculated aerosol optical depths was the highest in summer. This was
because aerosol optical depth calculated from ground-based measurements could not consider aerosol loadings at
high altitude in spite of high column-integrated aerosol loadings observed by Sun photometer. Although hygroscop-
ic growth was expected to be dominant in summer, the mass concentration of water soluble acrosols was too low to
permit this growth.
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Table 1. Meterological conditions during (a) aerosol sampling periods and (b) Sun photometer measurements.

(a)
Spring Summer Fall Winter
Sampli iod 2001. 4/9 2001. 7/26 2001. 10/12 2002. 172
amplng periods ~5/13 ~9/5 ~11/23 ~2/8
Seoul Number of samples 15 15 9 15
Temperature (°C) 12.6 25.0 15.3 0.9
Relative humidity (%) 54.1 71.8 60.6 55.8
Wind speed (ms™') 2.5 1.3 1.4 2.1
Sampling periods 2002. 3/29 2003. 8/18 2001. 11/13 2003.2/14
plng p ~4/12 ~9/1 ~11/25 ~2126
Gosan Number of samples 5 15 13 13
Temperature (°C) 12.5 25.7 12.2 7.7
Relative humidity (%) 72.6 89.0 60.0 69.6
Wind speed (ms™!) 8.4 5.8 99 8.6
(b)
Spring Summer Fall Winter
Sampling periods 2002. 3/12 2002. 6/1 2002. 9/17 2002. 12/4
pUng p ~5/31 ~8/23 ~11/30 ~2003.2/11
Seoul Number of days 18 60 57 35
Temperature (°C) 13.4 24.1 11.7 -17
Relative humidity (%) 52.4 66.6 57.3 54.1
Wind speed (ms™") 2.5 2.0 2.0 2.3
Sampling periods 2004, 3/1 2004. 6/1 2004. 9/2 2004. 12/1
plng pen ~5/25 ~8/31 ~11/30 ~2005. 1/28
G Number of samples 54 55 34 27
osan Temperature (°C) 124 252 19.3 8.3
Relative humidity (%) 65.2 78.5 66.6 62.6
Wind speed (ms™") 7.0 4.3 6.5 9.2
Table 2. Aerosol sampler sets and filters for measuring of aerosol chemical composition.
Seoul Gosan

Teflon coated aluminum cyclone
(16.7 LPM, dso<2.5 um; URG),

Teflon coated aluminum cyclone
(16.7 LPM, ds<2.5 um; URG).

Sampler Three annular denuders (URG), Filter holder for 47 mm filters (URG),
Filter pack (URG), Rotameter, Pump, Float-type flowmeter, Dry gas meter,
Housing box Vacuum pump
Teflon and Nylasorb membrane filters

Filters (47 mm diameter with 1 mm pore size; Teflon membrane filters (Gelman, Zeflour),

Gelman Science), pre-fired Quartz filter

(URG)

Quartz fiber filters (URG- 2000-30UB)
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g. 1. Seasonal variations of aerosol chemical compo-
sitions in Seoul and Gosan.
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Fig. 2. Seasonal variations of aerosol types for optical
model calculation.
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Fig. 3. Chemically apportioned AODs caliculated from OPAC model.
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Fig. 4. Seasonal contribution of aerosol chemical compositions in PM, ; to aerosol extinction coefficients.
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Table 3. Seasonal characteristics of aerosol single scat-
tering albedo (SSA) and aeroso! extinction effici-

ency (Qext)'
Spring  Summer  Fall  Winter
Seoul SSA 0.71 0.60 0.62 0.75
© Quu(mig ¥ 272 330 323 270
. SSA 0.93 0.93 0.91 0.95
Gosan

Quu(m’g™) 2.20 2.99 293 307

R

Qe (Mg =0, ssyum (MM 'YPM, 5 mass concentration (ug m )
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Bar graphs represent water soluble ions, solid lines with closed circles are AODs measured by Sun photometer
and dashed lines with opened circles are AODs calculated from OPAC model.

Table 4. Seasonal variations of aerosol optical depths (AODs) at 550 nm and PM,; mass concentrations.

Spring Summer Fall Winter
AOD measured by Sun photometer 043 0.47 0.34 0.25
Seou! PM,, (g m™) 126.91 58.73 53.97 63.39
eou
AOD calculated from the OPAC 0.50 0.34 0.44 0.38
PM o (g m™) 108.42 36.56 66.23 107.03
AOD measured by Sun photometer 0.29 0.26 0.16 0.22
PM,; (g m™3) 72.85 38.56 39.50 54.89
Gosan
AODs calculated from the OPAC 0.24 0.12 0.23 0.24
PM, (g m™) 99.36 18.42 51.66 60.36
AR 2= 71 2ok oteth. Tsai and Kuo (2005)-& 227 Ay AL 5
A7) oelzze) sruRe 24 4% =
3.3 olol2 &S| E&4T SN SELIE BRI SIS -5
AHEY A ¥, SCAPEE 84 #7184 & ¥ 4+ 9 ¥
17 59A]x= SCAPEZR o &3} A 822 = A7 Qo= 2 (Meng et al., 1995) 18 [ A28 &
B8 284 d2EH ABSTY Ad2F Y% /190 3=k U5 ¥ Aol YA W 5
FAL AMEE BoFErh 84 ddl2E:d A4 Ro] W EHUL AR AE S v 2
NeErt 2l del o=m SR waA FhEe e AN AA ol % 2gwEe) o

24¢ AT Qlom olelzEe Fwo} ¥ 1 A
7 §E W S8 wol Fhs HAek Wl
ARG AeeAE ANH 2dBAIA B0
F44 ool A, AN, Fy 59 B

7t giol® R sk AT M ¥

27|83 A 24 A4

Foz frlvka F 44 AR BFo] ALl
vls] Z7] Wl T Aol fr]skael] 93t o
2E FRIFFF Aol AHE S Qlok

33 SeME F2 oe]zEe] Rx9) g7 OPAC
& ol galel 28 olelzE BeTAsh HEEin|



M3

B2 #39 ooz E F3hFAY Aduse £ 4
Atk gl M A5E Ad ZE AHY ool
Z FgFAV A AEHNe M E
3 Agel ooj2F FIFAT FA «FHA. of
= OPAC AjAte] JExtaz o]4d oolz2E: 5=
7} AEHEE B3 A dlel2E FERT ¥
7| "o oA & 494 OPAC A4kl ol4
9 oloizs 24U NEEmE #2Qo) AP}
= oolojzEe] ARARE BHYY PM, FEE F
8 salsigch & AT AFHE BE ooz
FHEAL 550 mel N Zhelmz ZHAES E
A& PMpRebe Al F571 FA defube
PM, o} Wlmake 7ol WA whbAE Zolch 13
4 593 7176l 248 PM,Y AEES Fo
= 7ol 47 shot BUR ez A=l 57
T PMy, FES o83 2RH dlolnE Bekrr
s AAE olo2E BEFAY Aol wlama) B3
S 2 A% A el 28 $AE A9
W 2E Aol delzd BHTAL PM, A=

o SR AE 9 5 adich 204 D3 i)
7o) et A4l o oolzE BEAL A
&3 AL BF e Aol AEEEE A5 o
@ ololzd BREARD AT oW ojzE
Qe o 3 ek dlelzd FeTAE

delzZe] AAAS4E QAo HEst Fpeluz
BoF 38 HRD Ao BAE Add A% A
T ooz s ololzE BATAL ARYS
ol 4 gleh AEmolA AEYT clelzz e o7
$30) ez s A B ol A 2
A28 o4 dxoz Lxahe A oz
2o 54% welein SholX) AF uksh el w
S AAY do] FAY FES) o]z Fo| EA Tt
= 7ol BeAolo,

29 sel A olelz® B 2Hg dEghke]
Aol7h 14 FEAE AL dgRelglen o]
229 Fxrt e 4 Bel AAl el o7
7v e3]8 =St} Kim er al. (2007b)2- F-ofA]o}g]
MODIS (MODerate Resolution Imaging Spectrometer),
AERONET. gho|tte] WHAlEE RA 3, ooz

P=%
]

R=N
k=]

= oy kel 69 b o4& 4
Hog }o Zaom QI3 odEAL & =2 ek

AR F7bR Qg 23 slolzae] A4 A

24ke] elelzZ sletd ot Asr5Ae] AdwsE 479

Spring Summer Fall Winter

9 — _
8 —{
4 ~1
7 |
J Water
(AERONET)
6 2
E
. O
- St
£ 57 g
5 =
T 44 B
-9
3 4
| L
B -5
Winter
I —
0 e 6
0 0.04 0.08 0.12 0.16 0.2

Extinction coefficient (km™")

Fig. 6. Aerosol vertical profiles measured by ground-
based MPL in summer and winter and seasonal
water vapor amounts derived from AERONET mea-
surements.

e

7('1

T Z7lz2 <3t % ]
% s qlel A A Sl H}olﬁﬂ* A Fo= F
Aaslck 2 ATl HE A8 cle]2Ee E%H
of #Al¢ 7Zt1 SCAPEE Edl YA 8¢ A
AbgE 2t El»— Aol wis 54 *“**“Jol A
Hﬂﬁol Ae skt At A8 2 7l s
= oﬂoﬁi&ol ¥+ Hﬂ%}ﬂoﬂ FEd 71%&7&

oll oft

021

%WLH 4\—‘?‘—«1 ”tﬂ%“’] %Zl% ‘?%‘ib:k A 6°ﬂf‘1
whe 7e =2 %3 AERONETS] AM=zElnjeiz
g $27] F%S oiFel v Adud 24 o4
¥
o

ok 2. o1 2A U] Fel ooz E} AR
e $57190] wonl el2® sxd 714 24
o @ olojzEel 4EE VHY + AT AAY

ARE 4 3
Agustsl el i8A ool B

J. KOSAE Vol. 24, No. 4(2008)



480 olAlE - 3 - AAS - kR

SFAZL & AL AXEVEY de]zE FIr
A [EAHN FHAd AFA dlej2F:o] 9 23}
ol Z o] ahte] o7t # 4 Ut HEA o
o]z22e AREEE Kim eral. (2007b)8] A-&5} 31
Ake] goldd AAAmERE & 4 gk 1% 6%
B Ageles 93 1km o]ste] Amel] ojR-E2
dle]zFe] EAsh u oq—oﬂ‘— Zz o 2A7
A ez Ze] FE USE FAFE 5 vt

4 9% 2 &

i

AGE ooz IS w2l M=
of HE W wilf o2 P& Bolv oejzge]
54 G4 dlejzze et met FRT Aol
Heldh J8jme £ d7dMe d93 2940
b MEa e AR ges Al el A
AR delzge prEstet 3 oelzzd] %
SEA ] e Asugie
*1%°M—L— Yashs, 719 Ak 59 5=
< ARl AR A vepda, 2kl A
Z1A7F Fd=E AEEE At 8l
1 248 3717 f95E o2 AL 24, A
A 59 F=r) 2T olel2Ee] dF wakge
vepl = ddlelas BT SR Jldee
At JAb B 284 029 ool Al
Ak G2 53] AgdMy damkas) el

=2

dloj2Fe] Adstel Fhste] F x| oflof
2F P E AEEvHE 353 A5 ooz
F9 FxTb 32 o5l 28]9 dlol2F BFEHE)
7h EdTh A Fl A& o2l AReEs W
SRRt AA| ejzEe 97 RaFe a0
T AE selntE S AT £ AT AFe
H7] Tl TR pF7IFoE A8 T2 ARU%
A EAdRE 44 ololzEe %%*é%ol e
= dasisledt 33 33 =298 B8 A £
RS AR Ao ) 2 vinlesle 1
EM 71e3 AdsErt g3 44 o) vE7}

B3 A ofej2Ee] ¥ I ol Mol
Hlaﬂ ks 2E F9% 5 Ad

i,a B3 S«” rulm

N

} =
32

o

oY

>

lﬁ :13, ol4 r\

[

2o 78RR A 247 A4

#Are 2

o] d7 BK21Z 7143R 71471k
(CATER 2006-4104)¢] 2902 485 g%,

o
ki
Ho
rak

74241 (2003) Characteristics of the fine particles and source
apportionment using the CMB model in Seoul area,
ARSI YA

A, A, FB3 ko], 1AL FAlS, Ao, T8
= 0] A 2(2004) 20019 119 244718} 2002
B A7) AFE TARAY vl
= W, g 7184 534, 20, 143-151.

Bates, T.S., T.L. Anderson, T. Baynard, T. Bond, O. Boucher,
G. Carmichael, A. Clarke, C. Erlick, H. Guo, L.
Horowitz, S. Howel, S. Kulkarni, H. Maring, A.
McComiskey, A. Middlebrook, K. Noone, C.D.
O’Dowd, J. Ogren, J. Penner, P.K. Quinn, A.R.
Ravishankara, D.L. Savoie, S.E. Schwartz, Y. Shi-
nozuka, Y. Tang, R.J. Weber, and Y. Wu (2006)
Aerosol direct radiative effects over the northwest
Atlantic, nothwest Pacific, and Indian Oceans: Esti-
mates based on in situ chemical and optical mea-
surements and chemical transport modeling, Atmos-
pheric Chemistry and Physics, 6, 1657-1732.

Carrico, C.M., M.H. Bergin, J. Xu, K. Baumann, and H. Mar-
ing (2003a) Urban aerosol radiative properties:
Measurements during the 1999 Atlanta Supersite
Experiment, J. Geophysical Research, 108, D7,
8422, doi:10.1029/2001JD001222.

Carrico, C.M., P. Kus, M.J. Rood, P.K. Quinn, and T.S. Bates
(2003b) Mixtures of pollution, dust, sea salt, and
volcanic aerosol during ACE-Asia: Radiative pro-
perties as a function of relative humidity, J. Geo-
physical Research, 108, D23, 8650, doi:10.1029/
2003JD003405.

Charlson, R.J., S.E. Schwartz, J.M. Hales, R.D. Cess, J.A.
Coakley, Jr., J.E. Hansen, and D.J. Hofmann (1992)
Climate forcing by anthropogenic aerosols, Science,
255, 423-430.

Cheng, Y.F., A. Wiedensohler, H. Eichler, H. Su, T. Gnauk,
E. Briiggemann, H. Herrmann, J. Heintzenberg, J.
Slanina, T. Tuch, M. Hu, and Y.H. Zhang (2008)
Aerosol optical properties and related chemical



Mg wake] oflelzz st dat B Agg 481

apportionment at Xinken in Pearl River Delta of
China, Atmospheric Environment, In Press.

Chow, J.C., J.G. Watson, L.-W. A. Chen, W.P. Amott, and H.
Moosmiiller (2004) Equivalence of elemental car-
bon by thermal/optical reflectance and transmittance
with different temperature protocols, Environmen-
tal Science and Technology, 38, 4414-4422.

Day, D.E. and W.C. Malm (2001) Aerosol light scattering
measurement as a function of relative humidity: A
composition between measurement made at three
different sites, Atmospheric Environment, 35, 5169
-5176.

Fernald, F.G. (1984) Analysis of atmospheric lidar observa-
tions: Some comments, Applied Optics, 23, 653-
659.

Fung, K. (1990) Particulate carbon speciation by MnO, oxida-
tion, Aerosol Science and Technology, 12, 122-127.

Hess, M., P. Koepke, and 1. Schult (1998) Optical properties of
aerosols and clouds: The software package OPAC,
Bulletin of the American Meteorological Society,
79, 831-844.

Holben, B.N., T.F. Eck, L. Slutsker, D. Tanre, J.P. Buis, A.
Setzer, E. Vermote, J.A. Reagan, Y. Kaufman, T.
Nakajima, F. Lavenu, I. Jankowiak, and A. Smir-
nov (1998) AERONET-A federated instrument net-
work and data archive for aerosol characterization,
Remote Sensing of Environment, 66, 1-16.

Holland, H.D. (1978) The chemistry of the Atmosphere and
Oceans, Wiley, Hoboken, NJ, 154pp.

Huebert, B.J., T. Bates, P.B. Russell, G. Shi, Y.J. Kim, K. Ka-
wamura, G. Carmichael, and T. Nakajima (2003)
An overview of ACE-Asia: Strategies for quantify-
ing the relationship between Asian aerosols and
their climatic impacts, J. Geophysical Research,
108, D23, 8633, doi:10.1029/2003JD003550.

Kang, C.-M., H.S. Lee, B.-W. Kang, S.-W. Lee, and Y. Sun-
w00 (2004) Chemical characteristic of acidic gas
pollutants and PM, 5 species during hazy episodes
in Seoul, South Korea, Atmospheric Environment,
38, 4749-4760.

Kaskaoutis, D.G. and H.D. Kambezidis (2006) Investigation
into the wavelength dependence of the aerosol opti-
cal depth in the Athens area. Q. J. R. Meteorologi-
cal Society, 132,2217-2234.

Kim, J., S.-C. Yoon, S.-W. Kim, F. Brechtel, A. Jefferson,
E.G. Dutton, K.N. Bower, S. CIiff, and J.J. Schauer
(2006) Chemical apportionment of shortwave direct

aerosol radiative forcing at the Gosan super-site,

Korea during ACE-Asia, Atmospheric Environ-
ment, 40, 6718-6729.

Kim, J.Y.. Y.S. Ghim, C.H. Song, S.-C. Yoon, and J.S. Han
(2007a) Seasonal characteristics of air masses arriv-
ing at Gosan, Korea, using fine particle measure-
ments between November 2001 and August 2003,
J. Geophysical Research, 112, D07202, doi:10.1029
/20051 D006946.

Kim, S.-W.. S.-C. Yoon, A. Jefferson, J.-G. Won, E.G. Dutton,
J.A. Ogren, and T.L. Anderson (2004) Observation
of enhanced water vapor in Asian dust layer and its
effect on atmospheric radiative heating rate, Geo-
physical Research Letters, 31, L18113, doi:10.1029
/2004GL020024.

Kim, S.-W., S.-C. Yoon, J. Kim, and S.-Y. Kim (2007b) Sea-
sonal and monthly variations of columnar aerosol
optical properties over east Asia determined from
multi-year MODIS, LIDAR, and AERONET Sun/
Sky radiometer measurements, Atmospheric Envi-
ronment, 41, 1634-1651.

Kim, Y.P., J.H. Seinfeld, and P. Saxena (1993a) Atmospheric
gas-aerosol equilibrium I. Thermodynamic model,
Aerosol Science and Technology, 19, 157-181.

Kim, Y.P., J.H. Seinfeld, and P. Saxena (1993b) Atmospheric
gas-aerosol equilibrium 1. Analysis of common
approximations and activity coefficient calculation
methods, Aerosol Science and Technology, 19, 182
-198.

Knapp. K.R. and L.L. Stowe (2002) Evaluating the potential
for retrieving aerosol optical depth over land from
AVHRR pathfinder atmosphere data, J. Atmos-
pheric Sciences. 59, 279-293.

lLatha. K.M. and K.V.S. Badarinath (2004) Characterization
of aerosol and its radiation impacts over urban and
rural environments-A case study from Hyderabad
and Srisailam, Environmental Pollution, 132, 463-
468.

Lee, J.H., Y.P. Kim, K.-C. Moon, H.-K. Kim, and C.B. Lee
(2001) Fine particle measurements at two back-
ground sites in Korea between 1996 and 1997,
Atmospheric Environment, 35, 635-643.

Malm, W.C., J.F. Sisler, D. Huffman, R.A. Eldred, and T.A.
Cahill (1994) Spatial and seasonal trends in particle
concentration and optical extinction in the United
States, J. Geophysical Research, 99, D1, 1347-1370.

Markowicz, K.M., P.J. Flatau, P.K. Quinn, C.M. Carrico,
M.K. Flatau, A.M. Vogelmann, D. Bates, M. Liu,
and M.J. Rood (2003) Influence of relative humidity

J. KOSAE Vol. 24, No. 4(2008)



482 eNd - A AR EeR

on aerosol radiative forcing: An ACE-Asia experi-
ment respective, J. Geophysical Research, 108, D23,
8662, doi:10.1029/2002JD003066.

Mclnnes, L., M. Bergin, J. Ogren, and S. Schwartz (1998) Ap-
portionment of light scattering and hygroscopic
growth to aerosol composition, Geophysical Resear-
ch Letters, 25, 513-516.

Meng, Z., J.H. Seinfeld, P. Saxena, and Y.P. Kim (1995) Con-
tribution of water to particulate mass in the South
coast air basin, Aerosol Science and Technology,
22, 111-123.

Menzel, N., P. Schramel, and K. Wittmaack (2002) Elemental
composition of aerosol particulate matter collected
on membrane filters: A comparison of results by
PIXE and ICP-AES, Nuclear Instruments and Me-
thods in Physics Research, 189, 94-99.

Nakajima, T., S.-C. Yoon, V. Ramanathan, G.-Y. Shi, T. Ta-
kemura, A. Higurashi, T. Takemura, K. Aoki, B.-J.
Sohn, S.-W. Kim, H. Tsuruta, N. Sugimoto, A. Shi-
mizu, H. Tanimoto, Y. Sawa, N.-H. Lin, C.-T. Lee,
D. Goto, and N. Schutgens (2007) Overview of the
atmospheric brown cloud east Asian regional exper-
iment 2005 and a study of the aerosol direct radia-
tive forcing in east Asia, J. Geophysical Research,
112, D24891, doi: 10.1029/2007JD009009.

Quinn, P.K., D.J. Coffman, T.S. Bates, E.J. Welton, D.S. Co-
vert, T.L. Miller, I.E. Johnson, S. Maria, L. Russell,
R. Arimoto, C.M. Carrico, M.J. Rood, and J. Ander-
son (2004) Aerosol optical properties measured on
board the Ronald H. Brown during ACE-Asia as a
function of aerosol chemical composition and source
region, J. Geophysical Research, 109, D19S01, doi:
10.1029/2003JD004010.

Quinn, P.K., D.J. Coffman, T.S. Bates, T.L. Miller, J.E. John-
son, E.J. Welton, C.C. Neusiiss, M. Miller, and P.
J. Sheridan (2002) Aerosol optical properties during

e DS P P

INDOEX 1999: Means, variability, and controlling
factors, J. Geophysical Research, 107, D19, 8020,
doi:10.1029/2000JD000037.

Tsai, Y.I. and S.-C. Kuo (2005) PM, 5 acrosol water content
and chemical composition in a metropolitan and a
coastal area in southern Taiwan, Atmospheric Envi-
ronment, 39, 4827-4839.

Turpin, B.J. and H.-J. Lim (2001) Species contributions to
PM, ;s mass concentrations: Revisiting common
assumptions for estimating organic mass, Aerosol
Science and Technology, 35, 602-610.

Valkovic, V., R.B. Liebert, T. Zabel, H.T. Larson, D. Miljanic,
R.M. Wheeler, and G.C. Phillips (1974) Trace ele-
ment analysis using proton-induced X-ray emission
spectroscopy, Nuclear Instruments and Methods,
114, 573-579.

Yoon, S.-C. and J. Kim (2006) Influences of relative humidity
on aerosol optical properties and aerosol radiative
forcing during ACE-Asia, Atmospheric Environ-
ment, 40, 4328-4338.

Yoon, S.-C., J.-G. Won, A.H. Omar, S.-W. Kim, and B.-J.
Sohn (2005) Estimation of the radiative forcing by
key aerosol types in worldwide locations using a
column model and AERONET data, Atmospheric
Environment, 39, 6620-6630.

Yoon, S.-C., S.-W. Kim, J. Kim, B.-J. Sohn, A. Jefferson, S.-
J. Choi, D.-H. Cha, D.-K. Lee, T.L. Anderson, S.J.
Doherty, and R.J. Weber (2006) Enhanced water
vapor in Asian dust layer: Entrainment processes
and implication for aerosol optical properties, At-
mospheric Environment, 40, 2409-2421.

Yu, J.Z. (2002) Chemical characterization of water-soluble
organic compounds in particulate matter in Hong
Kong, report, Hong Kong Environ. Prot. Dep., Hong
Kong.



