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Abstract

A visibility analysis model based on the Mie theory is applied to the measurements dur-
ing the fall, 1993 in Seoul. Model estimations of the total extinction coefficient, be, and
the particle scattering coefficient, by, are in good agreement with the measured values by
a transmissometer and a nephelometer, respectively. These values show strong dependen-
cy on the mass loading of fine particles( Dp<3.04m) but show no apparent relation with
that of coarse particles( 3.0 m<Dr<10um). Relative humidity plays an important role in
determining the size of particles which, in turn, affects the optical efficiency of aerosol.
Based on the composition analysis with cut size, nitrate concentration is higher than the
sulfate concentration in PM3-10 but they are comparable to each other in PM3. Consid-
ering in 1985, it demonstrates a drastic increase of nitrate concentration between 1985
and 1993. It is found that measured and estimated light extinction budget were in good
agreement within 10% and that scattering by particles is responsible for about 50-55%
and 70-80% of total extinction during clear and smoggy periods, respectively.
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No. LPV)E, b,& 3#%3}7] $13l nephelometer
(Belfort Model No. 1598)% Ahg-s}4lc}. =3 gl=t
271829} AEE #4387 98 cascade impac
tor{ Anderson Model No. SE2110-K)2} 371} sam
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€3}l NO,°, CI°, SO, NH,*, Na*, K*, Ca*,
Mg*? 5 o|2AEY FEE F4s5sdch olge &
FHg7IedFANe 5 Fid dHEm s
sl AN g EAHF 5(1993)7 uhdE
5(1994)9 verd 9ot

2. el Ve Y XNEAE|

£ A7) A48 22 Sloane(1984)¢) Y715
ANl Z e F=, A¥ R JAZINEEE o] 43l

W Awe F337] $l8) /)2g physical modelect

2.1 Y4Rjaz|e=x

vl2n el Et FA4e) o} i) A9
295 97 s F4 A5 =(detection limit)E
283l filter 271(47mm)e} A) B HA1ZH 24 4]
e HAaststn £ cut-sized 37E(1.1m
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-1.2[ Organic C.]-[ Elementa]l C.] «-++eseseees (2)
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Table 1. Parameters used to calculate the particle
growth factor
{Sloane and Wolff, 1985).

Relative humidity{ % )| 30 40 50 60 70 80 90
Mu(){e)/(Ms)  10.20 0.40 0.60 0.70 0.75 0.65 060
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Table 2. Physical properties of chemical constitu-

ents.
Qharactenstlcs Density” | Refractive Index”
Species

Nitrate 173 1.55

Sulfate 1.78 1.52

Organic carbon 1.20 1.60
Elemental carbon 1.70 1.97-0.65i1
Residual 2.30 1.59-0.089i

Y Default value of this program
» Hasan & Dzubay(1983)
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Fig. 1. Measured versus estimated optical coeffi-
cient values.

Table 3. Result of regressions between measured
and estimated value.

Optical

Statistical B B
a? -0.009 | 0.054
m’ 1.138 0942
R? 0.929 0.979

Y (Estimated value)=a-+m-( Measured values)
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Fig. 2. Variations of estimated optical coefficients
with particle mass loading.
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3 e A dEes AAHAD IW B
24994 PM—12 7% A9, AgASe 3
sheko] zbzb 0.013x 1073 0.010 x10~3m™'/ug/
m*), PM1-3¢] 7% 0.020%x1073 0.015x10 % m™"
/pg/m) o2 AR 2@wisiapF Abgte] 242} 769%,
75.0% 5 A}, EAge) SV we) 4d

AR Ael(RdolAe AT FLE, FHe
Ae 5% % 7)Ao A ez 4
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Table 4. Comparison of regression results between
optical coefficients and particle mass load-

ing.
\_ Optical|  Extinction Scattering
Particle a” Ilm’ | R a m | R
PM-1? -0.007%) 0,013 | 0.980 |-0.032) 0.010 | 0.967
{0.057)%((0.011 )1(0.925){(-0.091)/(0.011 }/(0.985)
PMI-3? 0.017 | 0.020 | 0.947 |-0.012] 0.015 | 0.926
(0.096)1(0.016)[(0.820)((-0.064)[(0.016)1{0.925)
PM3-10? -0526( 0.031 [ 0668 |-0.416( 0.024 | 0.631
(-0.242)[(0.022)|(0.464)[(-0.070)/(0.024 )|(0.604 )

Y (measured optical coeff.)=a+m-(Particle mass
loading)

2 Unit : pg/m

» Estimated ® Measured

wepa o] 7|7k AlA A= F2 3um o]}
o w ARt HE P AP FrrERE 7)10H
A€ ¢ F dd o Aae &AYRY A=
ehgzA ol (g F 5, 1994 ).

3.3 Aol 42 YXATE 5
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(6)% )83 423 AT AAE J3beld
AAIZAEEe} glael FEe] gk A HUSH
9] 9} B E(dry particle size distribution)?] 93]
W3hE 3% 3(a)-3(b)ell viehigich 7R A
Z A (evaporation process)el 1ol ¥ E(num-
ber concentration)= ¥ & (Kim and Seinfeld,
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#L JRAFoR o)EsY 1 A7) =F FoJEd.
a8y F7hA] Azdzle) A$e 2 xlelE Mo
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Fig

. 3. Changes of particle size with relative humid-
ity.

¥ qjzte] zr|pl dsiAEE A ARMES
X o}(shape)® FAE(refractive index)o|= 3}
E Fo A9i&(extinction efficiency)e} ¥lH=
o) o)== Y7)AE A D We Sdd o)
2 AT AAo] wizksiA Hr). ¥ 5& AdgEol
w2 sulfate, nitrate ¥ organic carbon Z+7te] 3
a2 w3slE 4] (7)d 2439 A A)E
Yehd Zolr},

Table 5. Effect of relative humidity on optical effi-

ciencies.
Species - Optic av b R?
Extinction|-0.714 | 1.693 | 0.992
Sulfate . [-1.201( 1.717
Sca : (1.87) ] (1.3) 0.994
Extinction|-0.529 | 1.651 | 0.988
Nitrate . |-1.03b| 1.680
Scattering (1.0) | (1.0) 0.991
Extinction| 3.759 | 0.884 | 0.993
Organic carbon . | 2926 | 0.916
Scattering (34) | (06) 0.989

Y a( optical efficiency)=a-+b/(100- RH)
?» Fred et al, (1992)

Z 59 ARATE 099 AER FL gL B
.2} Fred 5(1992)°] ®]= Phoenix urban haze
studyol A 2§ B ke Aje)7} sich ¢zt
& 2 HEE e E9&ve] Petage wis)
24 Aa=Enzg vl AR o s A R
4 A9ds) Alakehe wlFHEE A5 ae S
Adge] an AdiFERAe bel AL A}
o] t] A} AAE FTESY L W) gE
ol Fale GellAE AFY uiel o] AUFE
7} vl odsfe] Al}E}e] =) wjF-olr}l. 1R
Adgre] M3te o 7px) AL WA 2
T AR FAEHE FgAF ¥ FAHL.

3.4 4EW HHEY U 7|0

o] melle] w3h}e AP EHPES YAFE
298¢ Jvehie By A2y Fgn
(4 /A g/m)=m¥/g)& AT £ Yo A
olch. o]zt Z+ Aol dial]l dir|s} wre Pz aql
7% 9] A% (measures of the optical sensitivity)
o]7] W&o A& A AAVYRE o]o]F =
YL 322 oi$ Fasith Az O A
YL F2 godA EQAQEE AAsE B
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besht RdeAe o2y d3g WAz A
slo| A} AAt=Ech ¥ 62 core and shell modelg ©]
23l 67] Age 7 AY HFFEE 50% €4
oo Jehd FEes A Aotk #e ¢
22371 7 el diste Y Ahagdsd it
2ag3, AAFTESFLE EF3ded ®we
Gol| vl 222717k JAFFEFE ulEgty B
8 apAtEe Arr)7ke] gre]l WA AN &
Qe 7k 2 3RS njAch =8 AP iy ¢l
A}Arakr)od-§-2 sulfate, nitrate, organic carbon®}
A% oF 90%, residuex 60% 21| u}3l elemental
carbone 2318 &(-)9 @& Earh o2 AL
= 22 elemental carbong W7)F WRE 4
o] Hoz zgsrg o] 3 AAs A 4
e $7} iz og} ARe AArlE F7)
#te] ZF elemental carbon®] AMHAES $(-)9
e A

Table 6. Estimated optical efficiencies of aerosol
species in core & shell model.

(unit : m¥/g)
Period |Optical| Nitrate | Sulfate | Org. C. | Ele. C. |Residue
b | 3.78313.890 | 6.140 | 8.073|2.283
Clean | b, [3.377]3.467 (5400 (-1573|1.390
b, |0.407 {0.420|0.743]9.647 | 0.893
b | 7.040 | 7.000 (7.780 | 7.853 | 2.670
Smoggy| b, |6.647 |6.620]7.083 |-2.367|1.630
b, [0.393(0.377 10697 |10.217|1.047

Betase BA PLEEke] oy B 7L
Ake] v 2 AREH7|GEH FE7} Fastec ¥
AT JAZ7EE peaks A oet S8
25 gt} Sloane 5(1991)L 1987-88 Aleje
Denveroll A Al&S sz 22 2L A3
FPM, sulfate, nitrate, organic carbon ¥ elemental
carbon®) A=}, FLEESEL AAsidd. 53] 714
zA% s DenverFE42 otmjo} wAA]q
A A7zt S92 det drizl AAEe] ez
U] dF3sts DenverAlUol 4] HAF 1xpe9d
Exlo] 2502 o)%s 21 £gEAE HHYA F
Al AE Fd8E A5 Bstase] ¥ F
< Bqach BAYAE A fresh particle)st ¥l
# o]2i3 %913y ASL aged particleolz} Asln
AAzZ )X FGEe S9 olo o AHR
e} FAAc) B3 FEL nE AL E A7
spetEggke] o)So] UEY FFH FAlsiis Aol

o} &, £ 227273 97) 94 D 599 9
AEA] F& AP DA A aged particleo]
d4-alE e sHsAde] At wEtA oldujd B
A4 dF7F P8

g8 Y 4 F 217E AL dAREF
Ayarg vlmg Zojrt. & dF(Dzubay et al,
1982; Wolff et al, 1982)¢] ZAs}s} wpArAE =
o)} ZAH PM3-10)9 7% nitrate X+ sulfateol]
vja) Ecb. 22y oAz PM3)el 734 sulfate
7} A Arkes o2 dF(Ouimette et al, 1981;
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