BEARRESLEE HF10% 1K
J. KAPRA Vol 10, No. 1, (1994) pp.1-23

AMEZoRHY A

2 x9el AIH

el

O

B

Cause and Verification of Visibility Impairment Phenomenon :
Related to Seoul Area Visibility Study
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Abstract

Visibility impairment phenomenon due to various air pollutants is a highly complex
problem. To understand this problem in Seoul, (1) theoretical background of visibility im-
pairment; (2) methods to quantify visual range and to assess contribution of each air
pollutant to the visibility impairment problem; and (3) previous field measurements and
modeling studies, both in Korea and abroad, are critically reviewed.
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Table 1. 1. Degree of concentration of population and facilities in Seoul metropolitan areaV.

Korea Seoul Inchon
Area(knt) 99,300 605( 0.61) 325(0.34)
Population 43,520,199 10,627,790(24.4) 1,818,293(4.2)
Motor vehicle registration® 3,394,803 1,193,633(35.2) 148,517(4.4)
Number of air discharge facilities 25,943 3,821(14.7) 1,747(5.8)
Number of noise and vibration
discharge facilities 31,088 4,109(13.2) 2,498(9.4)

1) Area and population; Korea Environment Yearbook, 5 (1992)
Other items; ibid, 4 (1991 ); numbers in the parenthesis are percent values

2) Motorcycle excluded

Table 1. 2. Degree of concentration of various air pollutant emissions in Seoul metropolitan area®.

Korea Seoul Inchon
Sulfur dioxide 1,610,960 138,035 (8.6) 86,456 (5.4)
(SO:) 1,597,780 123,221 (7.7) 57,738 (3.6)
Carbon monoxide 1,991,065 639,600 (32.1) 93,218 (4.7)
(CO) 1,759,505 531,881 (30.2) 74,632 (4.2)
Hydrocarbons 220,711 52,106 (23.6) 9,464 (4.3)
(THC) 199,910 59,038 (295) 8,863 (44)
Nitrogen dioxide 926,065 128,423 (139) 55,761 (6.0)
(NO.) 878,389 127,237 (14.5) 39,024 (44)
Total Suspended 420,318 48,947 (11.6) 13,873 (3.3)
Particulates( TSP) 431,375 42,574 (10.2) 10,485 (24)
No. of inspection of 46,566 8,289 (17.8) 2,712 (5.8)
air discharge facilities 52,576 5,366 (10.2) 2,570 (49)
1) First row; 1990 data, Second row; 1991 data
Numbers in the parenthesis are percent values
Table 1. 3. Trend of air pollutant concentrations in Seoul”.
Year 1987 1988 1989 1990 1991 1992%
Pollutants
Sulfur dioxide(0.05 ppm) 0.056 0.062 0.056 0.051 0.043 0.035
Carbon monoxide(8 ppm) 3.2 28 32 26 22 19
Hydrocarbons(3 ppm) 27 26 27 29 28 28
Nitrogen dioxide( 0.05 ppm) 0.033 0.033 0.027 0.030 0.033 0.031
Total Suspended Particulates 175 179 149 150 121 97
(150 mg/m®)
Oxidants( Os) (0.02 ppm) 0.010 0.009 0.008 0.009 0.012 0.014

1) Korea Environment Yearbook, 5 (1992)
Numbers in the parenthesis are yearly average values

2) Data for 1992 are from Ministry of Environment
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Table 1. 4. Trend of visual range in Seoul".

Year
Time 1985 1990
9 am 122 134
Noon 92 95
3pm 57 63
6 p.m. 41 57

1) No. of day with visual range being equal to or
smaller than 5 km
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Fig. 2. 1. Effects of particle size on calculated aero-
sol scattering coefficients( Shah, 1981 ).

Table 2. 1. Refractive index of chemical species
(Sloane and Wolff, 1985).

Chemical species Index of refraction
NH.HSO, 147
NH,NO; 1.55
Organic carbon 1.55
Elemental carbon 1.90-0.61
Residue 1.53-0.0051
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Table 2. 2. Typical values for each term of light extinction coefficient, be.".

u ‘E‘"ﬂ.’"‘

a

AdeR s E-EAF

Term Value{m™) Comment References
b 1.47x10°* Nephelometer Globlicki et al,, 1981
* 1-6x10~* Nephelometer Larson and Cass, 1989
b 6.60x10°% Integrating plate method Globlicki et al., 1981
* 0.7~-9x10"® Photoacoustic spectroscopy Adams et al,, 1990
b 1.20x10°°¢ At sea level Rayleigh, 1871
Fromeq (7)
bag 1.10x10°° [ NO.] =0.033ppm Globiicki et al., 1981

average of Seoul, 1991

*bei=by+ byt bytba

Table 2. 3. Summary of various results for light extinction budgets. (unit: %)
Place D bag b. bap Remainder References
Denver - 5.7 56.4 312 6.6 Groblicki et al., 1981
China lake 24.6 - 66.7 89 - Ouimette et al., 1981
Detroit 7.8 4.1 79.1 9.0 - Sloane and Wolff, 1985
Detroit 6.8 36 52.4 78 29.4* Wolff et al., 1982
Duarte 3.0 6.0 61.0 210 9.0* Pratsinis et al., 1984
Lennox 3.0 7.0 45.0 140 31.0* Pratsinis et al., 1984
Seoul 38 21 55.8 383 - Lee et al., 1987
Mt. Sobaek 328 6.0 38.1 231 - Lee et al,, 1987
Lennox 64 5.6 71.7 163 - Larson and Cass, 1989
Pasadena 6.0 64 72.6 15.1 - Larson and Cass, 1989
Azusa 4.2 4.4 74.6 166 - Larson and Cass, 1989
Upland 58 4.7 74.6 146 - Larson and Cass, 1989
San
Bernardino 8.7 6.1 69.2 16.1 - Larson and Cass, 1989

* Scattering due to particulate water{ b, )

AFEr
T ¥

S AgdAe g 2714 F
P gt A 2 Qe 1A A
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Table 3. 1. Instruments for visual range measurement.

A~ ltem anzr;rzent Disadvantage Advantage Comments
Affected by target charac-
P.r eval ling Human teristics, distance . and the Simple and easy Mainly used before the early 1970s
visibility measurement | degree of experience of
measurer '
Trans- Radiance Affected by temperature | Measurable during night | o Correlation with photometer, teleradio-
missometer difference | and background Can measure long-distance meter r)0.99(Richards et al,, 1989)
o Comparison with b.,( Horvath, 1993 )
o Correlation with human measurement(r)0.76
Integrating by . Samuels et al, 1973} and transmissometer
nephelometer | measurement Measure only b Accurate calibration (r<0.26 Cwalinski et al,, 1975)
o Applied the principles( Thielke, 1972)
Radiance ' Similar to human sense, o Good correlation with 'I.SP
Photometer difference Hard to calibrate Cheap, o Applicable to other visual range measure-
Easy to use ments{ Richards et al,, 1989)
Hard to install, o Better results than those by nephelometer
Old- Contrast Affected by solar radia- Similar to human sense and transmissometer(Cwalinski et al,
Tele- model | difference | tion, the shape of object, 1975) '
photo and contrast o Correlation with photometer r>0.9( Tombach
meter and Allard, 1980)
New- Radiance Expensive Improvements of disadvan- | o Applied at Europe and America
model |  difference tage of old-model (Horvath, 1991)
o Applied at Houston( Dzubay et al,, 1982)
Teleradio- Contrast Hard to mstall Affected by Can measure the most o Comparison with transmissometer, nephelom
) solar radiation, the shape of eter and human eye measurement( Allard et
meter difference . accurate results
object, and contrast al, 1985)
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F7HA A7} 9 A SR} AR, AlLs T
e, oL YA 2A FrRE EFR) 3
e 99 29AFE 43 o] ABE AR
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2 #4449 ANYe wer)

Transmissometere Y9 3, 79} F71& o}
v 7HIB4AE zAste] A A=E E3AA
T, 3 A=usts: A £35S Aasie 3
Feolc}. o] T 2HE Y LFAGe} Ao
o]2Hoz FrHr} o] B FAYNME AL
o] 7453, olftelE &Ao] s15-stm, A7)z} A}
4% 5 ok =% & 7] 8 & Aus
Ag ZAT 717] F409 AN} Lxe dgs
e o] 9

Integrating nephelometer+= transmissometer7}
7id e} qlAbel &3 e A F4E BE v
e AL Sk visl gkl AR Yol 4
FkE w2t AR AU} A BHAE 7)7)
o] Aol Fqlstan UAaie] pe gz
oA A}, SR} o)g} FAle )AL AR of
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A FZ e A Ao] o]EHoE {FExHc} 2
o] 71718} AFg-A] Z171W%-2] inlet ¥4y} sam
pling tube ¢ oila}e] E4lo] WAsie] At
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(Bodhaine et al, 1991; Charlson et al, 1972;
Ensor et al, 1972).
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AXe] glov} atmel EgAAe] Alsta FAz]
AHg-E7] A o] glo] ©]8 M s3] $lFd
2| Zoll= Y2 E B33 telephotometerZ} 70
=it o] Avle A7) & transmissometer
9} wjxshd FA ZAFRA|(transmitter)$lo] A4
ZH]l Y& olgrlrh: x}e]7) sich

Teleradiometry® -2 contrast®] =}o]& 33}
+ photometers} T A7} wxsich. F, FA
(dark target)s} vl A(sky)Zte] contrast e} &
Aale] g3 e o] B4 diglslnEd A|AHL
2 A3,

, —3912Xr
Visual Range=- n(C./C.) ®)

714 r& EFE7AE A=, C& SXEZEE
g 9oy gle ReA 548 SHE/MAS
A7) diZ(apparent target/sky contrast), Co=
B2 FEoA &AE 149 dl=E(inherent contrast)
olr}. o] Aule uwlAe BFUE(E3 FE2 3
E)9 HXE9 Yo wizlalr] dFel A3y} F
EEO] AAo] ojich =37 efFz) AW Alol
o] AE7} $838}7] dFoll networkle) BE 57
A $127} L& orientationg 7}Aokqt 3}, wie}
A FAA0 7} QolAFE old AL U
217171 oj2$v] A&7 AEv|a% gt}
HellA A9y AL 47 F - FHel dn
AFLAEE 7IAB2 HE Ao 945 99} =3}
z} ubyol] 9% Aol ARpAE olssl=
Ze] $83t}. Samuels $(1973)& A X ol
2] A &=l A integrating nephelometerE A}

48 AL A B2A59) vnsgded A
AA)9>( correlation coefficient)7} 0.76 ©]39] zte
Zevps Bastgdcl. Cwalinski $(1975)% Ao}
59 ¥&AFA telephotometer, integrating
nephelometer?} transmissometerZ- o83 A)1A-&
FA3x H5AR9 vmy wp o
telephotometer7} 7}4 £& AMNES Heolo 2FH
Qd Ggx gcke AEE W £3 o]FL YA
£ F2 99 AP}r)Fo)A transmissometers}
integrating nephelometer3 A}-4-3] 2A33 o|F
o] AL AFdgdsd F A2 ABASI)
0260519 @& & vlebdigdcl. 53 Tombach
9} Allard(1980)+ telephotometers} photography,
telephotometer®} prevailing visibility( 5= A]#),
photography$®} prevailing visibility ® nephelome-
ter®} prevailing visibilityZbe) AA@#AE 2 A=
4.0kme} 8.3kme F7}A¢A E&3ltgded v A
£ 25 gL A=A A@Aerst 24 ol A%
7re] o3& Zo]7) uFo)r}. =3FF nephelometer
1} photography®.th telephotometers] X]Ae] &
&3 77k LEsiect. ¥9W  Richards 5
(1989 )% photography2} teleradiometerE A&}
ZA% transmittance A}E-E  transmissometer?)
transmittance A&} vlmalged Al X A
27 AgAeE 09901439 F2 FAFAE 2ok
Transmissometer= 919 d3%& i whe oA
o] glovt fxAAR Astd vimAH Y& Y9l
A AL dEHoE ZF o] sHEY Bylohz
AAH e 2R AR, M P Hspo] 7HEslch
223 H(point)&AYAE AFst A(line)EH
< FYstEEq FAAES 2 A99 B3NS
Zer)

o5 e

3.2 AI»F] ZI6EE M

27AA =2t Ro) Al AANE Fisles o
238 F2 vlAdslAle] Fel2 FEAEY, g}y
Al Rl @S oldzlr] flaiMe o) QIARE
s} et 8 doleol g} xF B2 Ao A
L AAzte] os o) wiAizle] YRS
Z|1AFY AR (FR 22 £9ER ) H3A
o slckx deiA U7 el ZAF e o o4
£ X &AsloJo} g} A|AAfAANE A
F37] 8 L 9EAS ALY FA) HE A
< A, JHA F4F 29E5H Do} edEAA
AF717] Abele] A o] ofsl] AHH g EA
o =7t AA WAFe Fxe gdelAsrt g
¥+ ZioltH(artifact formation). 7]1AA 2gEAq



54 A4 AYPAYY A7E ko] 9

S0.2t 9714 Al glass fiber filter7he] ¥H-g-of
o8 A SO 71 AAlEdg s EY=e
Aol 1 ¥ <(Appel et al, 1979)o]c}. o]=j§ 7}
A8AE AA = a7 H& ge 4771
134 Felrt. Denuderd JxjHel] AA]ste] o=}
Z A9z} wg-Ade] e ZIAAEE e AA
+= H9( Appel et al, 1990; Koutrakis et al., 1992;
Lee et al, 1993)¢]4}, o}t filter pack& A X3}l
2o 2R QIRFEZE] ukg-el % JAEAL
the Ao A EF 3= uhH( Wiebe et al, 1990;
Harrison and Kitto, 1990; Koutrakis et al,, 1990)
Eo] 2 dlej}.

2 gge AFHA EA7 =He AL AN
W A3 5= FAA fillter?} impactor plate 5ol A
A7le dHEA . o] AulsiA wAYs)
< A%, 71A9 BYE o] U= HUA £33l
718 o] AR} A YR AL dgHem A
e dF3Q dAe)r] mie, d&HoR o3
L2 9EHY s YARLEE SAHsE Aol ol
HolAul A F-Muliel Ao qlsie] A
7175 el TR ARE A A4 AR
ojt}. olu] AH AL Al Ao WAL wlsFolF
2] 7123 dAaed HEJA 2L FA5HE
A= AARY}. gepr GA ) Ao 28
3 ofrE FAHERS £e/A38 5 e

%79 2g0] 45 29 A5 samplers] Aol
Y28},

A 23

Y2 $ 3 ¢S flame photometric detec-
tor( FPD)Z «94Ho 2 ZX3sle F(Allen et al,
1984) Q454 URHENAA Ao Beg A7)
AP gloy, dutAozE QAANERNE ek
A, gty en B3] f&iMde YR}
dgsit}. BEL filter samplerE o]&3 YAA)7}
AAsle AHFEFEE AEslE=d proton in-
duced X-ray fluorescence Z& ZEZ 273 7%
o] ¥ L3 ALE & 1/mnAEe] He &
Fo 2 AHsl= 21717k A2, | U £4

Mot ¥4 SREAYE AT A AdAL

2 3 3% o]4% 4 de AV Hgs}
th ¥ 32 7] do2E A AHEHE 58
A5 A=y ek

A2 EA A go] AMg-He o A(filter)= el
+ teflon membrane filterg Wol Ahg-sled ol
A2HA/71A e e dEAlel dle) BgAgYd ®mule}
vet AFage] 3, XA AFHH X-ray
fluorescences} e X AR A A fiber
filtere]l wlal Aol A7) wFelcHLiu et al,
1982). =3 FI7IAE £z Wo] &4t}

Table 3. 2. Characteristics of aerosol measurement and/or sampling equipments.

Instrument Flow rate Particle size No. of particle size
(m*/hr) ( pm) classification
Hi-Vol Sampler 66-102 {50 none
Hi-Vol with PM-10 66-102 <10 1
Dichotomous Sampler with PM-10 1.0 < 10 2
Cascade Impactor 0.1-68 0.3-20 2-9
Micro Orifice Uniform Deposit Impactor 18 0.03~10 2-9
(MOUDI)

Cascade Cyclone 03-2 0.3-15 2-6
Electrical Aerosol Size Analyzer 0.24 0.006-0.6 2-12*
Optical Particle Counter 0.006-1.68 0.1-20 2-16*
Differential Mobility Analyzer 0.06-0.3 0.006-0.6 2-32*

* No. of channel

JIxd 23

SO, NOi 59 24 24EA} O d54] &
o] 7Fssht HNO, NH, HCl 5o dalAe o}
2 AdHer de) ol FARA7L AAwse
AR ook =R R WA7)AAE §AL AR

AH e} EA7)go) 2Egic) 2 Telle 7|A o w2}
Ae) o] qlv &4 (Durham et al, 1978; Ferm,
1979)% denuder®] EHo| sl e} FAlo)
2253 9e}. 3T denuder tubed A-£-3ted NH,,
HNO;¢} HCl 22 7|48 AHsl= ubgo] A7
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el

AN

(Ferm, 1979, 1986; Klockow et al, 1979; Slanina
et al, 1981; Niessner and Klockow, 1982; Dim
mock and Marshall, 1986 )= <ic}t. “zejv} o)=id
HES 54 SRR stEAS s A
Aaled Qd3Ho] We] ARET Aol A7)
A)7te} gho] Ad=e EA7} Qlch webA o)y}
FAHE FHEHs7] Y dFvl Bus AdHn
ek

Denuder®] AHg-A F7}A 9 FA7} Qo s}
€ 2 Fdol YA Eale] BAEE Aoln e
slvb= artifact7} A S Jolt}h. Hxtey e
£+ 2F-(fully developed flow)7} 3 A=A gto} 3
Hiahgo] dojid o Yehdr} olzF AL F=2
ZAAlell & & Fid olF A~ sl pre
impactor& X} o] Aw¥lE denuderyis 2
ARG FAl= A} W2 impactory)
9] ZjAA-_lzMAY, dAAb-qlAbAL whgg o}7)Eln
ANAA 48 doArg. a1 dae F2 oA
A fﬂ'ﬁ’%(NO‘)B] 73"?"’“ ""E}"}"‘Et‘“ NZIzCOJ’g‘
J & denudervisiA] HNO,2} HNO.E 34s}7] o
Folr}. ol Re] Fysht Y2 47HE 370
9] denuder7} %83}l Koutrakis et al.,, 1988). 7]
A 23 2 9EAY MY BMEole gdoz
= 22 dFr} P s},

4. NYHofsof TE 2

g Ao ARl PAE olfsl 2 PuL
FE87] A e 3B A Adug ARFBE F g
24 EAF ZlAd EHe] A R FAe] HpH
ojc}. 2yt #& Y Yo 7 o8
2] 2dEA o] AAA ool v dFHEE o]
57 PEEr 3y AgdFYe] P} o)
e 2AARE ndd o 2alsle Aol
dgo)r},

ARG FAE ojslsled )58 & e 2d
< 98FH7F ded, 23 HEHQ el W 24
7)o} -&(light extinction budget )& F3sl= Rdojc}.
4 4 71dgelzh( 4] (5) =) 42 dr)legE
A 474A] 2 F 3§ el gy Floes
€ A4 £ FH3e 248 W3e Aes 2%
o4 Hgkfe] miMslahel & sl o
Y 29 7l g 2 EA AP wk=4] v
el gon, 2 24 ¥ BEFgITHAF,
JJArY =Z715o wer AAYYG. @ &9 JlHeE
A e o H2uyd o kg %71
2 Wyo® g 4 sk

EERE

+ x

S

&a

1) o] &3 AR ! dalex F 7 3
JARZE S8 Mie )2

TolEE¢ SAAEN Hesld 7zt HE 9
Adgks AArgc).

2) BAA ahjed AR elAlaty glAR
Z 9 3 Re A8y, XA Faw57H
FAE EE o537 (multiple regression analy-
sis) && o83t FAHoR T}

o] F712 WL HeljA A AAw 47 %
o] glom, A AP P R A
o me} dste] A& = gleh Al AR el A
o QA7 R AR ALY A" F e F
L% 2dF) e ogEgA BAARE st
gAY ey FxEMYE] 2 guEdre
ol 43l Z} edEAe wEYL FA3}= 2dlo]
t}. ol2jy eguiE FARAL 53] RGP
A2l AN P 283 Fde] & 4 gir),

(Lo}

4.1 0|23 W 2~ Jjoige Au=d

o2 Rz 2% &% Mie olE&
AHS-Ele] ARE 9 2ART ©E ald] 9
9 49 A$LE A4sl Rayleigh o]&85202
ZlAe) 2% W 4w A4 Sloane(1983,
1984, 1986), Sloane¥} Wolff(1985)+= Mie °| &%
ol-g-3le & ¥ AwEAT Y 7 AR JdeE
AlArsle 2l sdste AA AAESH Aol v
atgedl, AR SHANI} B g Ao
H3 sgdch e o] wiyg A&l M=
adzke] Qi 9 shEtA R Bxol deixie} dtx, 1
ez 71 eFdEA Fer ZAHolof )
9ol Wickramasinghe(1973)% Mie o]&& A}&-
ste] z=dilzle} m AR e B3} SAYF B
F2H Ao} do2E IV|RIE |83} ofo]
259 4 29 AFE Adsidch o] 2l
A A7 He A 29 Aol 242 o RA
F3h=vt she Zelth AA d7FdA 2aisie
Ad2F L § slAt=I|d A= 2] z=7)8)
Y2 EAsln, 2 2719 YAgts 24do] o
tEAul o]5¢ BE SA e AL uldAdAe)y,
xF o]F 2F meythd o)E9) 2fo] u)j$
E7] wgol, At A4S 3l o5 R4
= & ARZIIY Y eejz2EY AR B
X5 MY old  Aadbge T
(Wickramasinghe, 1973; Ouimette and Flagan,
1982; Sloane, 1983, 1984, 1986; Sloane and Wolff,
1985; Larson et al.,, 1988; Larson and Cass, 1989)
A ALgdtgen 29 4164 JeliEe] B E
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37hA WY elei2Ee sAsle AR &
external mixture, internal mixture, 22]3 core/
shell modele]c}.

OOOO
0000

a) External
mixture

DD
OCO00O0 COE®

b) Internal ¢) Core and
Mixture shell

©OOO®

Fig. 4. 1. Different models of aerosol mixture.

External mixture®t zZ+ A2 &4 glzl7} A
A zAvje dFae A5 BEFH o] HA oo
Z2E2AE YA sl= 7)1, internal mixtured 2E
dA7E AA AJ2ZA L] HF A 2L AE
2.2 A% AHelgln 7Y EE o] F Fxie
Alelele + B o 249 ) AT #
slen, o] 5 FiAl SRR E Y 71H o] o
) AAR Y 2 AFRSLE Uzl g 9 &
o Ao of F¥gos M74Y 4= YrH Kim and
Seinfeld, 1992). ¢t pAE oloj2F ] external
mixtureg}d Z+ A¥E-o] bl elAE Jge 1EF
o] Ao g Ry AY T F AUk F Al 9
3 E Y A 7|HEe 7 AR adAsy
olt}. z2)x 7 A¥Ee AdATE 2Y JRAE
& Qdn, pP)E EAX YA =d) AL g3} 7}

Decs i=};( T1/4) - D*- Qdn, p) - Ni(D) dD. (9)

A7V nE HEFHAFIR p(=D/A)e W A}
(A)ol] A} BEAAE(D)oll FARH Y =27] 0
Aol Ni(D)= 7z A¥9 sz Exolr)
Internal mixtureo| A= 8- 7|2 2E A7}
Ze 2L Za FYHEZE RE QIRle] BT
AR At 2 JAEE(e)el AP}
AR (V)ol] FH o]},

Sloane core/shell model( 1983, 1984, 1986 )%
st o] Rl dodzge E44 E4
2] W4 corest 744 Ed2 % shellg et
94 shelle- Adgze] wste] g} $E& A
7123t 232 4% £x oz spA"n 4 A
9 2dAsE oS3 o] AR 5 Qo

bew i=JQ(m(ky), Dy, me(k2), D, AIND, k)AD(10)

714 Qe dlZE 57 Aol dF b, i 2
Hojr}. ooj2E L YR core AA D, AR
K, 282444 n(k)S 23, 9% shelle 33
AR K9} B3EdAE, nfk:)E Adoin 7}A
ot =3 7 B ARee 4 gy B
P2 AR5 gAYFoR sy, N(D, k)dD
= Al $£Xolth. Core/shelle]l 33ty A3
EdFHAS, 2YEFL AR AdfEo wg)
o2 FuH2 eyl o]¥ r|FY old2ZE e
Y 49 Ase Me o8 o3 ANdE £ loth
o]2igl o] mdldAe izl sEFFLS A
34 dl&3l= 7ol F83}t}. Sloane(1983, 1984,
1986)9 mdolde A EFTFS APHe
2 Fled @ AdAS A AHEste glen, 3
Dol A AAA-AL Fyrde] e
dol, dgstaql delo} APPezvE 83
#g Fale A7 AP Fe)r),

4.2 SHH Yol =g A oM J(0ig Aty

ol23 W 4d 7l AURYE AT oo
€ e =st 4 SR JALEE dolok
7] dEel, ARAH 2 B Fe o] U
et olel wlE gFIALAYEY FAAHA o
2% 7leg Agrde duzres g =4
3o AsiAl B2 el st A3 W
Feoll AlEAH F EHo] wlmA folsit. o why
dMe A= date = 9 AL A
o A oA SRde 7l $AF Wy,
F2 OFIATAYeR Aiste Aolch oln X
HWE sulfate, nitrate, 7|et A} 223 s
= Solth. ¥ 24 714 Aol AigEe 4
FALE AZshed 228 23S v At 953
ARHANAE F 29AT7E 24712 ojAdaL, 2
9 72k Agseel APt s 39
AL et FFAAE REL FF AdEE,
sulfate, nitrate % % 7€} o2 ZF djuES
oA QA A2

sulfate b nitrate
(1-RH) ' “*(1-RH)

other FPM
" (1-RH)

of HANNY ASEL 2 4re “aEEE” &
& “DAAFY 29AS"Y 2Yoz A4Y 4
Sieh. o) 2WELE B 7 Aol el 71
e 2879 $8¢ Fsled ALHIIE Wb
AT FAH PHE )8R A vl NS

bex‘=a+b|+ 4+

+b (11)
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ol fol3tAt 1) A1A 4 slzkzAe] &34 )
A3 FANNAAE 2 AFE A3 S,

2) #2919 23} (random error)= $A3 TAES
ofstA sl & [A A9 Fe HAAAFE &
&8 W, 3) FFAFE(S04, NOs~ 5)A}e] g
W 257 (intercorrelation, ¥-& collinearity)= 2
FE gFAF & ok s 4) 279
F3AEHdAde SO 2 NO;, FPM-SO.t -
NO: A8 A7lA] wgare ARE7] g #7]
2 daut2Te] g wWats] stehslx] 2o
oo]2F2] Wt Aol HrlEle EAlAe] 9
Aot A= ol=d FA Ao i), o]y
APAHEE BF3L JFIALHE 2ALHA
AHgEHE ole]2F 2] o] et i W 4
B9 B4, F& AP AEE dE + Ak

4.3 7|8t 29

2 A7} ZdE o)]4% AR #FF oy
A7 4, Ao RIS A4, 22
249419 ¥ql, EAlFxe F3 g A9 alzgr)
o] =(mass contribution)&% €37} 3] AYPs
ook & o2, 7Ee BFH czmd
( photochemical ozone model)el] 4At9) ¥x 9 3
AR UARE A4R D} Mie o]Eo] &7 A
AAA g JFAIAA A7}e] Wie] uwie} W
2 4&FAITE AA4sls Wyo] Alks Aok Pilinis
et al, 1987). 28} o]a)t L AHAA) 7 o)}
A4E A E W AR BRUMNTY A
ol o}3 de] 2o]7)el= o] EAjHe] g}

Al el dAFYPE HallHs R 41 7
d&o] ¥ 29EA 29U dojok 3=,
o] HdlAe= zZ eddalAe wEar @ oo
E= Hemission inventory)e} #7], mdo] <3}
2947 drjede] FAFe] dslc) o]y
252 F4atwd(dispersion model)® 44w
(receptor model})2 ZA ¥ ¢ qUr}. EAlwde
2499 FHE T o4 WiEAE 9 s
z 2ge] o8 7179 2l ¥ F FAAY
o i3 F¢E Hrlsle whgo, o) e o)f
g A b AdEle Aoz ExAde g
F U7lAE €S 9 4 = Jo, B9y
7+ 8 W 8% 48S o =% 23 oY
yaled f-831A A48 4 Qo) dAn B
42 7zt H7F AR e} chdse sz 9
EAY A¥zxAez 2] EA40] maEe]e}
gt aelz e g4le] #1=A gAY A B

GF A2 2490 3T AS 2de 27 o
713 8] o &e] oHr} 4RI AW gireq
EA(FE ox1)9) 4R, gdat=27), 2=z
BT e)l e AAEL 29 A 7 o
A9 &S 3 A ez ez
oA 7} o4 JqdxE FA3E uwhyolr} 4
$298 Y3 7)Ao BAG) gl 7}
Aol deldd A& FANA nYPS $3 WY
& A T ok FERALS APl Ee g
T AL eddde] 3P4 ZldeE 78 A
F-o] Ag-5o] Alg-E = & Ao},

TEEES AH-F7) AsME, YA EAL A
3] dolof sl olH o2 7 9z} 77|, F
4, AR & dolo} ¥} o)} AT Y
WHEAD 9l o)A 2wy o)L
o]-4-&ted AN YAE L3t Aot dnAy
< A Qi FAME Fale] 2399 g ¢
A%< 3hed 8% A4€e I B3 du)g
HE 71 BAALR o998 BAY F s )
Heg HI7AR de] £olx ik £H9) 4,
Rof g Mo oqdle FFF 5 glon), Sain)
@A o] ¥ £ 9t AP AL o] 43}
NEsdAte) s dEs EAle hge gos 7
$87}54o] =}, Scanning electron microscope
with an energy dispersive spectrometer(SEM-
EDS )}(Post and Buseck, 1984; Saucy et al, 1987)
1} Electron probe x-ray microscope{ EPXMA )
(Bruynseels et al, 1988; Artaxo et al, 1990)%-2
olg-3le e 31zH(2,500-14,00070 )} ZF YAA
8 AR AAEHNEEE olf3le 2 Ayl
FAE 5 Qo 28y o)21¥ Adsare) ¥4
< 2 7ke] Az, WG AR HFAE
9 Aofe 2 o}z UYAHog solw YAl Yr)
o) Sl ofe EANNE AgsA shne 2
AARE 9d& 5 sk

°lF Mg 7htd stk e Agn e y
g AR sl Q== A 2dULe ]l
332 5L 93 2499 rde s il
F3e] glov} o] APAo] At} dn)AH whys)
351 wpge ME A gle) wAselgton}
19873 2] e] 3K Kim and Hopke, 1988 )4 4]
dAT BAYAolels mdg /sl Ak
Hd ofgo]d collinearityZAE 2T 4 glglc).
& A=Ayl ErHsAY usd 29Ye
222 ¢ WA AFglen, Hu)AR e A
o)UY HFEME 753 st

o mo
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4.4 HE 48

O]9 oA g(dy], tEROE, T AgAd
2, A E ol o] Az )d] dis o|2H »
dg Zgsle AAQATF7E 433 wl Qle). Sloane
(1983) Aid =Ze|x Q7o £ diwe
AR AEE o838l B 416 el lKe] g
2 Zb AR Ylad AFE Aasigch o] Gl
e FZ external mixtureo] W3 A4t
HF ARATE 164x107'm (A 0.50um)S
YJehdida H7E FedAee 0.70x107'm (R
0.55¢m)elct. 53] wha-o] o] AAgE ¢ F
alch. =% internal mixtureo] g AAlo A= &
AT} & dR3A gt FT AT 1.01
x107'm™'2 AAE L SHXEY 36% AT )
42 g B A 7y dig A4
EF53le A0 o] Qe AR Edw 7}
A3l dct.

Table 4. 1. Calculated extinction coefficient from
Denver result( Sloane, 1983).

Scattering Absorption
Species coefficient* coefficient*
(A=0.504m) | (p=0.55m)
External mixture
Ammonium nitrate 0.364
Ammonium sulfate 0.199
Carbon( organics) 0.386
Carbon( elemental) 0.396
Residue 0.297 0.699
Total 1.642 0699
Internal mixture 1.010 1.090

% unit : 107'm™’

X 42 v fEROE, 9y, 28|12 B2
A2 A Aol Mie o2& o]&3le Y &
o 7]qg& AR ALz B3] 2adAgs A
oA e 43 2807t 732 o] A4
gt Al AT 2F gizlel] o¥F A=A}
2 ¥FE AR AR, G AFe ¥ 4
€ ¥ol3 g9loy} China Lake A 9L tlEx g3
22 ZlAlel 3 AAFI}F 246% 2 FA
+4l, o] China Lake7} Aujdez AP Ao
Ql whd Fdel gle FAHoZRE S A Y
A f71EA-e] dE vAY] gFoE Az
Bl A0 A W &AW 7]o-Fo] g
@3 2817 2o Ajelr} #add] meve, =¥
21237} 7 G2 gzl % W AbstA|eE 815
%2 A A9 vhed M ¥ $£XE w4y
Sloane®} Wolff(1985)= ®l¥ 9] x15E o]-&3}]
W A 7]gE8E AAsided qlbel 93 Ask
At F YA oF 80% & AA s gl

Sloanes dlvje} tr]ERo|E(Sloane, 1984;
Sloane and Wolff, 1985 )¢l 4] A x Z7}e)] whd
glabell o)t Wl AlAe Z7E d23slgce).
432 =3l & Y o"Ag o)8A A4
+ 53 AR AR vnd Ao g A
NEgEe) PedA F& 2FEF 4. Aoy e
He o] ARSI 1.63X107*'m (A 0.502m)
o] JF SAHAFALE 155%x107'm 2 el
t}. o] AT external mixtureZ o]LE FHow
ZA o] E3gke] vlzA A Y} fEZo)E
A5 Bl BRE AdEse) WA I
AxFE & F Ut F A9E vnsid AdFge
70% 014l A TtIERo|ES] AlgtAls Axr) YA
& & 4 sloh 2y AdEE 40% )l Ae
A o] AAg Ayl 2F A Jeldc ¥ %
el AdlgE Wl dwela 70% 014, 60%

Table 4. 2. Light extinction budget calculation for various sites.

Contribution to be{ % )
Component Sloane and Ouimette and Flagan(1981 ) Larson and Cass(1989)
Wolff(1985) China lake Los Angeles
Detroit Clear day Smoggy day
b 7.8 24.6 234 2.1
b 79.1 66.7 545 815
bap 9.0 89 19.6 157
Dag 4.1 0 248 0.6
Dext 100 100 100 100
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Table 4. 3. Sensitivity of extinction coefficient on
relative humidity.

Relative | b,{ measurement) [ b, calculation)
humidity (107*'m™) (107*m™)
(%) |Denver" | Detroit® | Denver" | Detroit?
Unlimited | 1.55 212 1.54 2.14
> 70% 2.83 4.49 3.26 4.54
> 60¥ 2.34 272 2.36 2.57
< 60 0.79 1.72 0.74 1.40
{40 0.56 0.63 0.53 0.79

1) Sloane(1983)

2) Sloane and Wolff(1985)
3) In Detroit, RH > 80%, 60% < RH < 80%

Table 5. 1. Visibility field studies in U. S. A..

ojAkel i t]ERolEdA= 80%°)4, 60-80%
AAstdn 29 Wele 2A 7M.

fu

5. 2ol Mo FEXHAT s

3N AdFeARe], AAFANDEEE o)al3}Y)
A e, dxbe] JALE, A 24T AL
AZHdell E A3}y (24]71-8417) FAJstoe} FHE
2, dAHq &Aoo 2 Fyslrle Y50 wEA,
ZF e F2 1970w 2HEH drledxe o
A SH Y ARG DA N vl 2
N7E AFAHL FHE F3ld AN S

73] gieh.

V.R. Particle
Place and period measure- Size? Composi- | Carbon" Model? References
ment tion”
ACHEYX, California N(H) S GLE 0 - Hidy et al.,(1975)
1972-1973 Appel et al,(1978)
VISTTA, N I E
Southwestern U.S.A. I S E 0 M Macias et al,(1981a, b)
1977-1979 TP
G, E R Countess et al.,(1980, 1981)
Denver N(H) S I 0 M Groblicki et al,(1981)
1978 I E Hasan and Dzubay(1983)
Sloane(1983)
Mojave Desert N S 1 E R Ouimette et al,,(1981)
{China Lake) I E 0 M Ouimette and Flagan(1982)
1979
Shenandoah N S GILE E R Ferman et al,(1981)
1980 I 0 Stevens et al.,(1984)
Virginia NH) S I - - Weiss et al,(1982)
1980
Houston N(H) S GLE E R Dzubay et al.,(1982)
1980 L TP 0
Detroit N F/C G E R Wolff et al,(1982, 1985)
1981 1 I 0 M Sloane and Wolff(1985)
California N(H) F/C G E R Appel et al,(1985)
1982 I I 0] :
Los Angeles N S GLE E M Larson and Cass(1989)
1984 P 0
Denver N S GLE E M Lyons(1990)
1987-1988 P 0 Sloane et al.,(1991)
Phoenix NI S GILE E - Chow et al,(1990)
1989-1990 ™ P 0
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1) N; Nephelometer, N(H); Heated nephelometer, TP; Telephotometer,
TM™, Transmissometer, P; Photograph, I; Integrating plate
2) Size . S; Size distribution, F/C; Fine/Coarse classification

3) Composition : G; Gas, I; lons, E; Element analysis
4) Carbon : E; Elemental carbon, O; Organic carbon
5) Model : R; Muitiple regression, M; Mie theory
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Table 6. 1. Number of days Yellow Sand phenomenon was observed in Seoul".

Year 1982 1984 1986 1988 1990 1991 1992 1993
No.of days 5 5 - 8 3 10 8 14
1) Ministry of Environment
Table 6. 2. Concentration of pollutants during the Yellow Sand phenomenon( Lee et al,, 1990).
Date Time SO, NO. O; Cco TSP
{ppm) {ppm) (ppm) (ppm) (pg/m’)
1990. 4. 8. 06 0.02 0.43 0.16 0.12 50
12 0.02 0.40 0.15 0.08 310
18 0.03 0.40 0.13 0.10 250
24 .02 0.50 0.03 0.26 140
1990. 4. 9. 06 0.02 0.46 0.12 0.35 120
12 0.22 0.54 0.19 0.12 220
18 0.10 052 0.08 0.13 240
24 0.15 0.52 0.14 0.10 300
1990. 4. 10. 06 0.02 0.58 0.02 0.35 300
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Table 6. 3. Concentration of pollutants during the normal times( Lee et al,, 1990).

Date Time S0, NO, 0, CcO TSP
{ppm) {ppm) { ppm) {ppm) { pg/m®)

1990. 4. 15. 06 0.32 0.52 0.16 0.27 120

12 0.30 048 0.05 0.14 130

18 0.18 0.55 0.28 0.18 102

24 0.18 0.56 0.15 0.25 98

1990. 4. 16. 06 0.22 0.55 0.07 0.05 60

12 0.42 051 0.02 0.40 90

18 0.19 0.58 0.15 0.24 93

24 0.23 053 0.03 0.53 90

1990. 4. 17. 06 0.26 0.49 0.05 0.49 77
A4 2 A edEA BAMAF arzwi(o] FE& Bl o]FsldA, 2 EFo) giatEe] A3}
3 5, 1990), sl FAE) g 2A7} vjets) € didolrt. ¥ drjledEAL Yrlses A

°l 213 5(1990)2 19906 3}A} 33X 9}
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o E2 FxFolE viebych e wrd SO
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Table 6. 4. Average concentration of ionic species
in TSP in Seoul( Lee et al., 1990).

Year SO0# NO;- NH/

1988 Yellow Sand | 16.63 5.84 2.29

Non-Yellow Sand | 20.15 5.68 1.74

1990 Yellow Sand | 28.03  8.50 5.56

Non-Yellow Sand| 21.33 595 5.12
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Table 6.5. Light extinction budget calculation based on various processes in Seoul during 1985

(Lee et al,, 1985).

Process Visual range
Contribution( % ) b b b D (km)
Yearly average 715 22.8 36 2.0 7.8
Winter 67.8 278 2.8 1.7 6.0
Spring 68.7 24.9 38 25 8.3
Summer 66.8 23.5 2.7 2.7 133
Fall 76.9 16.8 38 23 83

Table 6. 6. Light extinction budget calculation based on various chemical species in Seoul during 1985

(Lee et al., 1985).

Composition _ _ Elemental Organic Gas
Contribution( % ) S0¢ NOs carbon  materials NO: Scattering Others
Yearly average 41.7 1.9 18.6 2.1 3.2 -

Winter 36.0 1.2 218 1.7 58 -
Spring 39.1 26 19.2 25 33 -
Summer 41.1 2.3 304 16.9 26 4 -

Fall 56.4 23 22.1 12.9 2.2 38 -
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Table 6. 7. Light extinction budget calculation based on various processes in Seoul and Mt. Sobaek during

1986-1987".
Process Visual range
sp ap g baB
Contribution( % ) b b b (km)

1986 : PM-2.5 76.4 14.7 58 3.2 -
1986 : TSP 819 13.0 3.3 1.8 -
1987 : PM-25 558 38.3 38 2.1 6.8
1987 : PM-2.5? 38.1 23.1 328 6.0 58

1) Lee et al(1986b, 1987)

2) Mt Sobaek

Table 6. 8. Light extinction budget calculation based on various chemical species in Seoul and Mt. Sobaek

during 1986-1987".

Composition Elemental Organic Gas
SO& ¥ NO Othy
Contribution( % ) ‘ NOs carbon  materials ®  Scattering ers

1986 : PM-25 495 0.8 17.3 116 3.2 5.8 11.8
1986 : TSP 331 17 155 9.3 18 33 354
1987 : PM-25 26 1 45 11 2 4 11
1987 : PM-25? 16 16 24 1 6 4 33

1) Leeet al, (1986h, 1987)

2) Mt Sobaek

Table 6.9. Visual range{km) calculation in Seoul 7. 2 o}

during 1986( Lee et al., 1986b).

Seaso.ns Winter Spring Summer Fall
Particle size

PM-25 - 10 13 14

TSP 5 6 8 8

AR FLL A UEe] Hr|egEAH o @
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