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Abstract

Aerosol scattering coefficients for three different wavelengths (A =450, 550, 700 nm) are measured almost continuously
by a nephelometer in Seoul for a period of 13 months (February 2007-February 2008), which includes two weeks break
in August 2007 for measurements at Daegwallyeong and YoungJongdo. The mean of the daily average scattermg co-
efficients at A= 550 nm is 194.1+144.2 Mm"' and the minimum and maximum are 14.3 Mm™ and 998.1 Mm, respectively.
The scattering coefficient shows a general increasing trend with atmospheric relative humidity (RH). When the data are
classified according to weather conditions, the days with no major weather events show the smallest scattering coefficient
and also the lowest RH. Surprisingly haze/fog days show the largest scattering coefficient and Asian dust days comes
in second. Although the variation is large within a season, winter shows the largest and autumn shows the smallest scattering
coefficient. The average Angstrom exponent is 1.40+0.32 for the entire Seoul measurement. As expected, Asian dust
days show the smallest Angstrém exponent and haze/fog days are the next, suggesting more efficient hygroscopic growth
of aerosols for this weather condition. Aerosol scattering coefficient seems to show better correspondence with CCN
concentration rather than total aerosol concentration, which may indicate that CCN active aerosols are also good scattering
aerosols.
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Fig. 1. Design features of the TSI 3563 Integrating Nephelometer (Anderson et al., 1996).
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Fig. 2. Schematics of nephelometer calibration based on the
assumption of a linear response to changing scattering
coefficient. Standard dry air and CO, were used in experi-
ments (Anderson et al., 1996).
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Table 1. Average scattering coefficient (A=550 nm) and AWS RH for each weather condition.

Cases Average Min. Max. RH (%) Number of days

All 194.1+£144.2 14.3 998.1 62.0+14.6 249
No event 124.1+62.3 19.6 278.3 54.3£12.8 139

Seoul ;Haze/Fog 373.7+149.8 149.2 998.1 67.6+10.0 52
Strong rain 143.8+140.0 14.3 666.1 80.7+6.0 26

*Weak rain 228.6+126.2 18.0 4832 73.1+8.5 26

Asian dust 327.7+74.4 195.0 419.5 62.0£7.5 6

Unit : Mm™

'Measured by Nephelometer (TSI Inc model 3563) at A=550 nm.

Haze/Fog cases were defined as being fogs continuously more than 12 hrs in a day.
Deﬁned as the daily accumulated rainfall being larger than 10mm.

“Defined as the daily accumulated rainfall being from 1 to 10 mm.
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Fig. 3. Comparison of the measured RH by an AWS and the
RH measured inside the TSI 3563 Integrating Nephelometer
at Yonsei University (Seoul, Korea), shown together with
the sample count for each 10% RH bin. The solid line in-
dicates the 1:1 line and the dashed line is the linear regression
line for the data.
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Fig. 4. Daily average scattering coefficients as a function of AWS RH. Symbols indicate different weather conditions, ex-
plained in the text and Table 1. The horizontal solid line indicates the average for no event days. The grey line connects averages

for 2.5% RH bins.
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Table 2. Seasonal average scattering coefficients (1=550 nm) in Seoul and their comparison with the measurements in other

places around the world.

Location

Period Average Min. Max. Number of days
07'Mar.~May. 206.2+108.1 34.7 460.1 92
— 07'Jun.~Aug. 201.9+151.0 14.3 666.1 74
07"Sep.~Nov. 87.1+£46.5 27.4 2433 35
07"'Dec.~Feb. 236.9+198.5 56.8 998.1 48
1Daegwallyeong 07" Aug.16~21 82.4+28.1 42.6 104.8 6
"Youngjongdo 07" Aug.22~29 70.1£25.3 39.3 103.7 8
99’ Apr.~May B
2 mazon e 0.9 306 39
(Guyon et al., 2003) -99 Sep.~0c.t. 9l {median) 16 654 43
[biomass burning]
3 .
Atlantic Ocean 3
(Hoppel e al, 1990) 83'Mar.13~31 24.4 8.0 71.0 10
.y 23+13(2.56) [marine]
(Canﬁgstﬁzmz 003) 01’Mar.~Apr. 64=30(1.86) [polluted] : . -
& 181+82(1.25) [dust]
*Seoul 93'Oct.19~21 160+130 [Clear] ) ) 3
(Baik et al., 1995) 93"Nov.03~05 630+£250[Smoggy] 3
5
Anmyeon-do . - -
(Lee et al., 2006) 5 years From 1999 to 2003. 86(median)
] 239 [Dust]
Gosan ; 77 [P. Chi.] _ B
(Kim e al., 2006) Gl apeli-27 78 [P. Kor.] L

137 [Smoke]

Unit : Mm™'

'measured by Nephelometer (TSI Inc model 3563) at A=550 nm.

measured by Nephelometer (model MRI 1598).

AN B W N

measured by Nephelometer (model M930, Radiance Research, Seattle, USA) at A=545 nm.
measured by Nephelometer (Meteorology Research Inc.) at A=475 nm.

measured by Nephelometer (model TSI 3523) at A=550 nm.

measured by Nephelometer (TSI Inc model 3563) at RH of 40% and A=550 nm for D, < 10 ym (P. Chi : Pollution China,

P. Kor : Pollution Korea).
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SFotg et S 7S TS 2719 AAS g
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=4 ot 48 239 L HH 71 H(polluted)} B
AHdust) #Z = FSHAZEILE stttz A
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Fig. 5. Time variation of the daily average scattering coefficients. Symbols indicate different weather conditions. Two horizon-
tal lines are averages for the whole data set and no event days only.
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Fig. 6. Mean diurnal variation of the scattering coefficient at A=550 nm and AWS RH for all data set and no event days only.
The gray error bars indicate standard deviation. Weekdays and weekends averages are also shown.
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g2n|g7t YA 718t 3 B 2|7 (geometric
volume mean diameter, Dgv) 1um o]A}o]| A AlgtAl4=
2 20%-50% A= TABIRIHE A7 AgetE B
TR S A2 2 AFZHE tH(Anderson et al., 1996).

3.4 Angstrém exponent

ArEASE o) Syt iz gRe) 2719 a5
o ofs) BREEH ARt el thet JEE

(0, < A7) Al gt 2718 Yehjis H==2
AREE 4= 9ok o§7]A o= Angstrém exponent2A]
Rayleigh 4tgt o] Gl 7|A| ] -+ ~49] gk
= 7 4R QA7 AZSE YA Z7)9 gt
ol&=7t F718ta wAe] tigt JEZTL Eo £
a7} Zropzitt, gf7] of|ojg&e] <3t Algte] 3¢ o
o] gko] thEk 0.5~2.5 Afo] ] HYAE 7HAH iyt =
HPE2F T2 o) Z A 3t Aghe] ¢ ol g
o] 0o 7Hgth dRtHC 2 QHH EAXFoA=
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~1.5 Az 9] gto 2 a4 th(Ruby and Waggoner,
1981).

2 delMe F A8 A7 AHE|(Kim el al,
2006)5 Frxsto], YER2u]E 2 A3 3 3450,
550, 700 nm) AFHA|g=of ThBA ofefje] Aoz HE
T3 2k Hatste] Ao A1) o 3hE AR

al == 1n(o-xp,450nm / o’.\'p‘SS()nm ) / ln(450nm / 550nm)(5)
az == ln(o-.yp.SSOmn /O-.yp.700nm ) / 11'1(550}’[}71 / 70077’77) (6)
& ==1I0(0,, 450, / O 200mm) ! I(450nm / T00mm) (7)

Table 3= TE7]7F Fof) Lol A 243 o, 24 0|
g3lo] 23 o ghe oo, 9%, 1A ZHRHKim
et al., 2006)7} B] & Zo|ct. Zt 7| AMA e 2] 24, 2]
ZHe i 7Rt olE gl o Hagre) &
2, gk =3k B2 Y AL BE ak
1.40+£0.322 utA<] Rele:R EAR Yo A Zkel
~1.50] AR ghS vrebdc). ZF 7)AMAleE) 2 Al
B, ot AR 7HE wigro ], Uhuix|= Bagt
o Aoz} EZEWA PSRt 2L G 2 Kol
Ho|7) gout B Al do] 71 &1, ot 74,
23 735, AR/RRL £olick FArA o B
Fo| 71 B AL 2 JARIAE fRo 2 ojAe
S glom, b =ojat th2 AR Y o7t F ¥

A2 2+ ool YAEY FE8T e 714
el vlaf S aatAo|S Folete Aol xFE

& & Aoleh. At Zhzbof Al thE Aol

=3t fEB T FF=Y o g2 A& A B
HrhE ok7h 2 AgkS ¥el ¥k, Kim er al. (2006)
o] AL #Z 7| ¥ oghe, LT FARE AFE 2
fedl SmokeE2 EFH 71T ozt 7HF W A2
A&l AU & HAR W2 oF 2 A
Q2E ol&tt

3.5 FA A

2007 3¢ 27Y(Case 1), 4¥ 1¥(Case 2), 12¥
29%Y(Case 3)2 FHat=of FAF SatHEA ALA
o A|A0] 5 km ©]3t=2 Hold Fxo] AP E K
%t Fig. 82 o] GAlof YjdZulgl2 43 3 o3t
02} o8] A A E WSS A T TeF4ike] PMI0 5
T o] ¥igte} Zro] 13 Aok PMI0 s&+ 7|43
E o] R of| A A|lFREekTt Al g2l PMI0 5% 2ot
°] 400 pg m” o]0 2 Yehgon] E3) 49 19
PM10 5 %7} 1233 pg m™2S 7|23t o & A3 3Apr}
7154 golith

Fig. 82 A}A3] A5 B Case 19] 7% 0,2} PM10
B9 ¥ist Hggo| v|nA F UXh= AL &+ 3
t}. 717t 39 o 3to] Wt A9 glo] FeHe EA4do]

Table 3. Average Angstrom exponent in Seoul for each weather condition and their comparison with the measurements

at Daegwallyeong, Youngjongdo and Gosan.

Location Case / Period Average Min. Max.  Number of days
All 1.40+0.32 0.30 1.96 249
No event 1.49+0.27 0.64 1.91 139
Haze/Fog 1.28+0.34 0.56 1.88 52
Strong rain 1.34+0.31 0.67 1.96 26
'Seoul Weak rain 1.39+0.31 0.80 1.88 26
Asian dust 0.89+0.58 0.30 1.82 6
*Mar.27.14H~Mar.28.05H 1.01+0.06 0.80 1.09
2Mar.31.19H~Apr.02.00H 0.45+0.35 -0.35 1.38 =
’Dec.29.09H~Dec.30.00H 0.02+0.09 -0.32 0.27
lDaegwallyeong 07" Aug.16~Aug.21 1.55+0.06 1.47 1.65 6
IYoungjongdo 07" Aug.22~Aug.29 1.46+0.21 1.02 1.78 8
Dust 0.62+0.17
*Gosan Pollution China 1.31+0.29 ; . ;
(Kim et al., 2006) Pollution Korea 1.50+0.26
Smoke 1.59+0.31

'calculated with the scattering coefficients at A=450, 550 and 700 nm.

*For each Asian dust period.

*calculated with the scattering coefficients at A=450 and 700 nm measured at RH = 40% for Dp <10 ¢m.
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Fig. 8. Time variation of the scattering coefficients at the three wavelengths (450, 550 and 700 nm) and the Angstrém exponent
measured by the nephelometer at Yonsei University (Seoul, Korea) in comparison to the PM10 mass concentration measured
at Gwanak Mountain during the three Asian dust periods. The horizontal arrows indicate Asian dust period designated by

KMA.
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