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Physico-Chemical Characteristics of Visibility Impairment
by Airborne Pollen

Zl
=]

oY
rio

) *
ZEddta 2483 F
8

(200614 4€ 174 A <=, 2006

2

249 A=)

2

o

)

Kyung Won Kim*

School of Constructional and Environmental Engineering Gyeongju University

(Received 17 April 2006, accepted 24 August 2006)

Abstract

Intensive visibility monitoring was conducted to investigate physical and chemical characteristics of visibility
impairment by airborne pollen. Light attenuation coefficients were optically measured by a transmissometer, a
nephelometer, and an aethalometer. Elemental, ionic, and carbonaceous species were chemically analyzed on the
filters collected by PM, 5 and PM,, samplers. Aerosol size distribution was analyzed using a cascade impactor
during airborne pollen period. Airborne poilen count was calculated using a scanning electron microscope.
Airborne pollen was emitted into the atmosphere in springtime and further degraded visibility through its scattering
and absorbing the light. Average light extinction coefficient was measured to be 21136 Mm™'
pollen was not observed. But it increased to 459267 Mm™' during the airborne pollen period due to increase of
average PM, s and PM; mass concentration and relative humidity and airborne pollen count concentration for
PM,,, which were measured to be 46.5+29.1 ug m™, 97.0+41.7 ug m™, 54.1£11.6%, and 68.2:89.7 m™3,
respectively. Average light extinction efficiencies for PM, 5 and PM,; were calculated to be 5.940.9 and 4.5+0.8

when airborne

m? g~' during the airborne pollen period. Light extinction efficiency for PM,q increased further than that for PM, s.
The average light extinction budget by airborne pollen was estimated to be about 24% out of the average measured
light extinction coefficient during the airborne pollen period.
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Al AFH % 2m, 2047] Falell = W] Foll WAk
2 R AR feAdel A5 Az o Wt g
¥ o] gk} (Puc and Wolski, 2002; Lee, 1997; Park
et al., 1994; Doskey and Ugoagwu, 1989; Kanchan and
Jayachandra, 1980; Stark, 1972; Goldstein, 1960). L
ot FEEREel o7 Al el At g Ay
A AAR ez o AR A7 Fofra FHIo] o2
2 A7) 24E EATIE A9 AdEE 39
shiz Bae 27 sk

St A vl $A5 el F2 3z,
F&x, F2, A2, £5A 24T FFIEE QA
#AEL 5 U 3L FAHEY ] T &
of HEAAE= $A8 AAMZH, 53] Anfie
3HEQl $3lare Y F71FUQ 71 ol
43te] vpghE Ela A FR3te] HE o] g3
(Kim, 1985). ¢utH oz gejvjele] F53he o
23)% 49 5€°ﬂ X BA7E Belo 49 —?‘J—
FERL F2 oY, &Y, WU, &
LU -5«1 FEEHR] oA HAH T, 7}—a—7é
2] FFIEL &, AAE, I F 5] Azshie
A LA (Oh et al., 1998; Min, 1984; 2371
o} 94935, 1979). 3H-9) meke 37,33, el1Y
T &l vt dax, b AR =g »
&) ©7 Udx A= 3ok AFel 10um o3}t
He 22 A= 93 100um o] A= Z A= gle
W F2 10~50um Apel7k 7bg wel EATE
(Moore et al., 1991). 53] 97} Fol| wiAE T3}
S UHAH A7 EAE (3, A, /7
E, dasks B 29 2E 9 A =k §
A ubgol o3 HygozH FHEE] AdH
&2 EAle] ¥AE % g} (Kim, 2003).

WAl 3 =AAY AR 948 B
o sA7le w2 2heie) selel Al
el Aale] F9 7] e HEA 5] Ak (sulfates),
ZAFS (nitrates), §-7] & (organics) YAHE-2 UubH o
2 Yol A ARke] Wl$ o] e WA

—_

o el £4% TR B 9u w=wo)
S Azol et A, A4, S, A4, A Eol
sloir] W& ARAA 4 slow] FAd F4E 5

Sl F3 B4E Ak old FHL oolzEel
=$] A=k WA= 58 (light extinction efficiency)

S Aol glo] wlof| 3t Akt (scattering)¥ F4

Rz 7| R A2d A6

(absorption)& FAlell A of & doAdE A}
S.exk(Kim, 2003), o} 793 w7} & B2 of
Yel 53] 7 Rze o2 WAlska g (light
scattering efficiency)= Bl AT el 2]
Q78 o} geh

il Fo] HY FFIEoz ) =AR et
ohfet BlEAA s AL cI% eshect o
A9 AR We AL AhAe Ajad
2449 75 Moz Feolst Fo A9jH
cdtozne Wi LATUEY loiwE 24
sk Aol uhab skt deba) 3EsHEe) Wol Ag

£9U4E 274 ¥ PAToRA A 299
TR B %R SHE FRSE Aol B A
7o) Aok,

2. 5% % 2M wy

o] vARE Y, 712 o A Sl odekg
Hew)h 32 AR F8g 9o 7)2e] 4
Zb FAEE vAkelr] A, 7k Fo] e A
HExolA vlake] BA7]|E o]2t) (Lee et al., 2003;
Hofman and Michalik, 1998; Franciso and Candau,
1997; Frenguelli et al., 1991; Agashe and Alfadil,
1989). & AFeME 35
20958 59 207 AFRE] AN 5
2o HEE 95k A AE 279 AeA
YeHstm Aol B - shepd B2 Al AR
o}, s}ahA #= AW]E= Optec Inc.AF LPV-2 transmi-
ssometer, Optec Inc.AF NGN-2 ¥ NGN-3 nephelo-
meter, Magee ScientificA} AE-16U aethalometer”} =
Usigow, 34 B2 AU URGA PM,s 2
PM|, cyclone, Sunset Lab.A} semi-continuous QC/EC

field instrument, MOUDI (micro orifice uniform
deposit impactor) D221 3£ %] 7] (cascade impactor)
7} ==} Transmissometer:= 3 71 m A]-2-A]
YAt w Al receiver unito] A= ¢} o, recei-
verunit Q2 RE] BAZ0 2 (0.76km izl Wyl =
Aol transmitter unite] AxH o} F240] 9X=
a9 19] ehpglch

Transmissometer?] 7342 MODTRAN n4d-& 3
231 7§ A=l ND-filter s o 2 4231 5 ¢Jv} (Kim and



Kim, 2005). %48 A4 (light extinction coefficient:
b, )& transmissometerel] 2]3}ed 132 7bH o v &)
=) ¢] o™, Wl AkebA 4= (light scattering coefficient: by,
= nephelometere]] &J3le] 28 ZpA oz EAFgch
97} Fo)] R85l S-89A) (wet particles)2] A
W7AEEo tq RARA S (byyrsp)E NGN-2
nephelometerel] 2)3}ed 7|37 2 (open path)ol|A] =
AEglen, YdAo 2.5um o5kl HAzYA}(dry par-
ticles)ol] 2}3F BAIREA 4> (byeaarypmy )5 PMy 5 spiral
impactor7} =4} %e]] AX% NGN-3 nephelometerd]]
oJsted 9I71ske] F1LAE 10°C olfz fAI5HIA
A=) ANE AxAAH &A=} Nephelometer:=
purge gas®} span gasE AFR-sle] A (zero cali-
bration) @ ¢ A (span calibration)o] A A= git}.
&4 4= (light absorption coefficient: byp, py, )&= =
¥ PM,, impactor7} A% aethalometerel] 2]

P

}\ Transmitter site

: 3

> Seoul City Hall Receiver site

S (Univlrgi/{y of Sebul)
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LA N ﬁ/
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Fig. 1. Image map of the study area in Seoul.
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ste] 1% 7P oz EAFAN frIRAe Aot
(organic carbon & elemental carbon: OC & EC)+= =
13Xl PM, s impactor7} AXF 3 7tAAF §7]8k4
Z A)AsL7] 9438bed CIF-denuder (carbon impregnat-
ed filter denuder)”} A% semi-continuous OC/EC
field instrumentol] 2]3}ed A7} 7HA9] FAA|ZF
(semi-continuous)#& 0 2 2R =)} 458 F9F &
Y9 AE £x29 27l BE 20 FHEE
83l 158 ¢ NIOSH-5040 (National Institute
of Occupational Safety and Health) Z2 852 7]%
2 3 o . FsbH Fi (thermal-optical transmit-
tance method: TOT)& &8&35le] BAFHH. PM,;
% PM,, cycloneol] &J3] 24417 1A o= £AE 7
AR (D, < 2.5 um) 2 PMpAH (D, < 10 pm)= ¥
&9 olerAel AR WaBAE Slele]
GelmanA} 47 mm 2 pum pore Teflon filterE Al-§-3}e3
stewon EZ3 & ICP/MS & /AESS] F 714
vk oz Na, Mg, Al Si, S, Cl, K, Ca, Ti, V, Mn, Fe,
Co, Ni, Cu, Zn, As, Se, Br, Pb= Aeks}gic} 0|21
A& 9)3}ed GelmanA} 47 mm 2 um pore Teflon filter
2 AR2sled ¢lxE2 =A% 5 Dionex-120 IC (Ion
Chromatograph)& AR23}ed SO,*, NO;” % NH, ' &
AaFslgrh 7AA B2 242mm % 150 mm an-
nular denuder®- A}t HE|o A= 7] Ao A
A= ek 43712 (SO, HCDE AAE HsliME
1% Na,CO5+1% glycerin+(H,0+CH,0H)¢} 3oy
o] AHE-FH Yl o, 971A7EA (NH) S AlA 2 SA3iA
= 1% citric acid+1% glycerin+(H,0+CH,OH)2] &
Aeo] AL4FI51E MOUDI SehE 79 A5
7 (cut point diameter)2 18, 10, 5.6, 3.2, 1.8, 1.0,
0.56,0.32,0.18 um=. 30 Ipm (liter per minute)®] H-2F

Table 1. Measurement condition for visibility monitoring during the intensive monitoring period.

Monitoring Instrument Particle size Measurement Analytical method
type parameter
LPV-2 transmissometer D,>0um Dext L?ght extinct.ion
. NGN-2 nephelometer Bycarsp Light scattering
Optical ) . .
NGN-3 nephelometer D.<25 Dscararypm, s Light scattering
AE-16U aethalometer p 2o Hm baps pm, 5 Light absorption
Gravimetric analysis (mass)
URG PM 1 D, <25
G PM, 5 cyclone P Hm PM: 5 IC analysis (sulfate & nitrate ions)
Chemical URG PM; cyclone D,<10um PM,, ICP/MS & ICP/AES analysis (Na~ Pb)
Sunset OC/EC analyzer D,<2.5um OC/EC Thermal-optical transmittance method
MOUDI 0.18<D, < 18um - Gravimetric analysis (mass)
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22 247} F¥A o= H7] F olo]2Fo] EA Y]
ok B AR =408 #) F SA8tE) gk
W4-& £ 1o 2ot

FTEEHEY F - A AL sl st
B QoM FALAAE 0] A (scanning electron
microscope) EAH o] =YH . FFIY] )
A QRS vt 4 AL 89 ozl YA
A A7) egEAE] AEH A Wi skt
q Aoz Yol BAdEs Y ANaey
B 33380 e st AU 4 gloh
E Aol M FARARRA S o] 43t FTHIE
9 A4E 2AFozH %% (number concentra-
tion)7} FAEF Ak AAF ooj2Fe] dn)F £AH
< 47mm FE|9] AR zAd A 39mm 913 d]
2RE 3mm 7402 13719 4y HE& 724
2 #2)s}e] HitachiA} model S-2300 ZAFH A} 3 n} 7
o2 FFIRe A4 AT Ju TR
7J4~ (P: airborne pollen count)’= 3 mm 43 A S| A]
T5E 3 o] Alegas) WAnY Fo=
A A= 9ot

!

3. dn ol nE

3.1 288 EA
2005 49 1993E 7% 3 54 2971%] AF

PRV IV

Z 712t 29 YadA LY A HEkE 19
o eI 49 199 7390 3] WA
42 400~2,000 Mm™ ' 7HA] Zr)sks] e, 20 Apd
o Z$7F 23 F 200Mm™ o)3l2 Zrasigiel o
HEF WAaEASE 49 219 255432 Mm 7oA ]
&R oz 7ridle] 49 24del: 197462 Mm™'7t
A debget 49 F Adgss AR delA 44
239 497 ANE=rt 40.8%F e 35
3hg-o] NEE7| AR F)dzTie] FAAHUA 4
Y 25YRE FFIE] #AE5HH F AFA= 7
ZH 10 F FE3HE0] #5d F2 4% 259,264,
289,299,304, 5Y 149 6 olgivh dFF WA
HA Sl 49 2596 319+ 123 Mm™' 2 Z7)131e] 4
4 284dellE 9204296 Mm ' FHUE vehyge
o, o] & Az} 7h4aste] 5Y 1Ye: 266+35Mm™
2 Aty 3F3HEe] &9 7|7k g A
DA 4= 459+267Mm ™' 2 FF3HEo| ASHA| ¢
el 71z Eeke) HF WAaEA S 211+36Mm™
b 2.28) ok E2FAE 0.022 71 E1o
Koschmieder A|AFA] (Koschmieder, 1924)o]] ]3]
ARAA 2 Bk Aol w2, ASHSE 712 F
b UPF AAAE 62~16.8km HHE vehd
gom, #5717 FF AAA=E 10.9£6.5km o
At FFEHEel AEHNUR 712 B B AA
A 85146 kmZ FFEF-o] A&HA g
717k Beke] B¢ AAA=Q 185433 kmye} o

A
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Fig. 2. Temporal variation of measured light extinction coefficient and relative humidity during the intensive monitor-

ing period.
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AA7ARY Ftay YAFEASY] Zold 7]es
o, dadA 5] Ve Yo Akt J F48 U
Al 4 e A 2 ke BAY w=e 2L
2t A5A dAe FgAdel o3t Ak EejAH A
Aoz WE] o8k W=t} (Kim et al., 2001; Tang,
1996). FF3H-o] #&F 7|7k Fate] WA A 52
718 AdE 2AEE) Sisted, Arlel dF=
7R 24 F A A AAE =
Az Wt =AY AERE 712
A 4rs 54.1+11.6%0)] oM, T53180)
g 717 Feke B AdEEE 574£13.6%
F3o] JHE A oL 717 Bt HE A
ql 49.1+6.3%8} oF 8% =gtvh 53] T
E 7|7b ol Az osh xpe] AltEage
77 dadA e Zolel 71edsige. a8y 3
F Adgxe FUlel odt WARASe F/)
201 Mm™'o[A] 459 Mm™'e] =718 243 $x3
Aozt & £+ glok Tang (1996)0] AAI A4A
AL Adigee mE WiRtago wIs ¥
3 esieletn AdEs 49.1%04 °F 8%2] A
e 7P 26 ol WlAawA L] ZIME
f=37] HAME WY AR 9 FE fUAA
4 9l AR fEEAe] Zrlr) Buksojof &
Aoz FAFHAH

AFRE 717 ¢ B35 PMys B PM 499
SR B39 Aewel 7h YAGHAN ASH
o) sy xo WiE ® 2 Jehligich @
=717t wot 2441 BT PM,, 9Ak2] AR
A 479ug m7eA] I 169.0 ug m—7hR] wisky]
on, F&7)7F F PM), A AR mas 842+
36.8ug m—2 EAHGCE PM,, Abell 3 PMy;
alz}e} Agkew 1) (Ratio): 0.45+0.112 PM,; ¢
Z7F PM, 42k ¢F 45%2] B85 peliigiet 24
A7y F4 PM, A} Aekew= 2% 183 g m™?
oAl Ha 101.4 pg m~ 7= Wty on, #2717k
Hg PM,s 9Ate] Agews 3824247 ug m 2
ZAH. FFHEl A& VI Y PMy;
2 PM A BE AEFsre 47 4651291
pg m7 97.0£41.7pg mPo g FHEHo] A2
A 92 717 E]FE PM, s PM IA1e] B A
ol 258+9.0ug m T} 65.0+18.4 g m 3R}

e ofl, ok
A

oy

)

I

H
-

]

I o

)& AHAe) A4 eln B B 54 79 867

Nl

242t oF 185} 15w} Zlsh 97] % AR 24
b ARdez WadAse 2718 fEse
o2 B3E v}l 9 (NARSTO, 2003). wahr] F
o] T2y 7|7k FekY) PM,s H PM,;, YA+
Agpseel 2 YadAs) 2k Flese
o] &=t FF3E-e] #EH 7T < A7)
F A A ARy IR I 4
= e 2@ = 20A)8} Fe] 2005 4
9 219%E 49 UUAAE TR BHEA

N ofy

@tort, 449 25U RE PMy;s dqelM #51 FF
359 5% (P, )9t PMyp 3N #EE 3%

H

39 %% Py )7t A7 23107 m7 3 15.3
23m7o% ZAET, 49 28U Poy, 9 Ppy,
o] 27z} 21.0+53m™%F} 269.2+34.TmB o2
£ vehd $ AA haste] 59 1dele A 5.6
+1.9m7’3 1305+164m7 o2 EAFHYY. #&
717t 54 AT Poy, 8 Poy & A2 5.026.7m 73
68.2+89.7m7> o2 ZA=H. FFIEL Yol o)
T AR 4 LS A BAY 5 9le o
oJRE|BZE FEIEo] #EHH 717 U] YA
A S7Hs PMys 9 PM g YiAbe] Aekswe]
Z71E bt 353 RS Flx 7
AL Aoz FAHY.

AT/S 712 St #51 FFIES dAEE

& A7) $13ke] MOUDI whd-#2l 241 7] 7F =)

Table 2. Physical properties of aerosol collected in the
PM, s and PM,, regime during the intensive
monitoring period.

Py, * Pou,, PM,s PM,, Ratio

Date > 3 (PM, 5/

m ng m PM,)
2005-04-21 0.0 0.0 379 756 0.50
2005-04-22 0.0 0.0 19.6 854 0.23
2005-04-23 0.0 0.0 183 479 038
2005-04-24 0.0 0.0 274  51.1 054
2005-04-25 23407 153%£23 33.8 660 0.51
2005-04-26  32+£1.1 29.0+78 275 534 051
2005-04-28 21.0+5.3 269.2+£34.7 1014 1690 0.60
2005-04-29 7.6+2.6 1122+£132 532 1137 047
2005-04-30 104%2.1 126.0%£219 41.8 1019 041
2005-05-01 5.6+19 1305+164 215 782 027
Avg. 5.0 68.2 382 842 045
Std. 6.7 89.7 247 368 0.11

*: Pollen count concentration in the PM, 5 regime, Ppy: Pollen count
concentration in the PMy, regime.
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868  AAY
Helo} 223l 8e] FA2x 7|zk F 49 28YUHE 5

Z 4
4 1977 249 olelzEd AFs=s B2d
FERPe) 2wEg AW x dste 13 3

delhodeh PM,, Fodold B2 TEsee) 4%
S} AHE ehhaR 49 289 ALEY o

oj2Fol Aspywel FFIEY Sz FE
Zkzb 1759 ug m—F} 230.8m7oz2 EXAg F 3
A e 49 28Y YA HY 10~18um
A FEE oz AP A 24.4%
B AAE e, 353HEe] e ss 40.1%F 3
skt 5.6~ 10 pmolr HEH Aekrw 9

£ 282 77 21.3%% 31.7%°)g]ew, 3.2~
5.6umel A= 27 11.2%9) 17.6%=2 Ak} 4w ¢
3.2~18umelA #A&F Agr Y pe=rt 242
A2 56.8%2) 894%= At £ F=7]7}
et 2R Gl AYAH Y 10~ 18 umel|A

28th April 2005
450 900

(a) £=2 Mass concentration %0
400 — Pollen count concentration | 0
350 700
'= 300 600 &
2 500 g
E_ 250 %::
so 200 400 o
= 3
Z 150 300 &
3 J
100 200
50 100
0 : - 0
0.01 0.1 1 10 100
Aerodynamic diameter (Lm)
30th April 2005
450 900
400 () T Mass concentration 1800
—*- Pollen count concentration
. 350 1700
'= 300 1600 &
e g
2 250 1500 =%
=& ]
0 200 1400 ¥
= S
o i 2
g 150 300 &
~ 100 1200
50 + 100
07 b - 0
0.01 0.1 1 10 100

Aerodynamic diameter (Lm)

HEH ooz Ee] Ay Aers ¥ FEEES o
& F5ms 7kt 282498 ug mOF} 9594393 m™
o]9l A, 5.6~ 10 umel| A= 22k 22.1+10.7 pg m~>5}
77.9429.8 mo]glon, 3.2~5.6 umel| A& Zhzt
120+5.2pg m33} 36.3+23.5m o] gt} 22} 1)
AdAL el BhdAwEs] 1.0~1.8umeo #Z
g oolelzEe] B¢ Agee W FTEIEY dH
Zewl Zb7b 11444 7pg m7OF 41423 m7P02
Zrastgd o, 0.56~ 1.0 umel M= 22t 14.8+7.1
ug m23k 0.6£0.6 m o1, A 0.56 um o
sl M FEEHEe] AEHA dstd wEA A
#HE 717 ¢ AEFH FEES e A
A Aot ARt Aoz 2 =AY
Ap gellA Flow, FFIE2 FIL oloj2E9
A F718 fedtddeol S5 234A

22 FE3HEe] #2E 77 Fe] WaEA 4
25th April 2005
450 900
(b) = Mass concentration
400 - Pollen count concentration | 800
. 350 + 700
'5 300 600 &
on g
=2 2503 + 500 %
o g
5 200 1400 &
k) )
3 ] 2
s 150 300 &
© 100 200
0 — et - * 0
0.01 0.1 1 10 100
Aerodynamic diameter (um)
1st May 2005
450 900
400 (d) 3 Mass concentration 1 800
~=- Pollen count concentration
350 1 700
‘= 300 1600 <
o0 £
2 250 500 %
o 2
& 200 400 i;"“
- =
35 2
3 150 300 E»
=100 1200
504 1 100
0 v ; 0
0.01 0.1 1 10 100

Aerodynamic diameter (um)

Fig. 3. Size distribution of mass concentration (M) and pollen count concentration (P) measured during the airborne

pollen period. D, means aerodynamic diameter.
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Fig. 4. Images of airborne pollens scanned using a scanning electron microscope in this study.

Z7he del2Ee Azgsxe ZUREN oeg ¥
Z3e] S5 x| ZPl FukEe] f=H Hlow
AtEE

TFHES A=), g, 74, A7 5o B9
A EAe) ae} EHEF) (Moore ef al., 1991). AR
A&7 E o] 43t Fedd Azl T3 &

95 B4E 47 Tetg 4 slemz TEE
4 B4ET ol W7 F elelzze) g%

EAF gods 2Esich FARREAE S ol43)
o FFEEe] AS5H 7|7be] = H FFIR A}
A& 27 4ol et 13 49 () PM,s )
o 24 FEdA AR FFIE0] ARlez 73
(sphere type) 3202 -5—1‘21-5]“4 a9 49 (h:
PM,, 939 74 UElA B3R T3 Ao
2 R o8] & A 33 (sac type) IR0
o A T o 3:-7]3"1}] PM,s 4y =4 ¥
HolA #&d F53hHE2 AAe] o 2um A==
FH ooz Z2 H?rr’—ﬂ‘f} P g w2g
3oz 2R E3F} (external mixture) B o] F 1 §)
9. PMy, 99 23 IElA A&7 FEIE2 A
Aol 10pmuch =, 2719 R ol 4 9)
= 0he) A1ge A Abe) Sroz Amd

3.2 % - 88 84

AR DL A7) FelA Wel YA B Ahx
4 EREA ot ARk Fulo] vEhhe
polek (Malm, 1979). o] F 74 B AL 7)

2Aoz YA 0o sl e We, 59
el deAE RS 27 8 Avel Slskel 2
SHot =IRG8 A7) Felle F2 ulAIR} (fine
particle; D,<2.5 um)7} Ztf 3J#} (coarse particle; 2.5
<D, <10pum)el] v]3le] AR oz gro] Exj3lH,
ulAQiAke] Frirh 722 Aol zdiqixll] vjsle]
Al tstel]l FA F8-E& v|H T} (Kreisberg et al.,
2001; Li et al., 1996). oloj 2 Z&2] A|AJAFo] & Ale)
A &3 delzEe Askszel Wi 4o
Wets 2o an AL 4 gl ooz Eo] o
71 ZeflA W& dAZ £ 9l &9 delzE
9] WA FEE (light extinction efficiency)2 $]A
g QoA Frlgkor Aakdd AZHE
717k F<t H5E PM,5s H PM,, IR ARy =l
WAadAp2E ARAA S Jebdl 23 50)A9} 2Ee)
T3] #5E Akl W3k PM, Ak A
FE W EE (Opy,) 0l TF2HEe] ASHA gt
© Abglell wisted Moz Fok opy, 2 53}
o] TAZ2H Ate)7} 45+£08m? g7lw TH3HEo)
#5572 Ak Aleel] wlsted of 1.1m’ g'glw
PM,s A2 =gl eFd WAH s (opy,,)S 35
o] #EE Ale7} 5.94£09m’ g7 2 FFIHEL o
FEEA dgkd Abele) 5.6+1.4m° g7'o) HxPY )
£ e 9 AdH oz ot A3 ofeigd.
FTEI-2 A w2 A& w3 glejA e A
A 5 qlem FA F5E ¢ e FEA 5
A& A o] BAol FFEel A5H 7zt
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870 A4

o) Opy, & A5ATE d Ffe A

[

SAAQS YA T A T A3
o v7ledgAEel AU drlegBAEEG
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Table 3. Composite variables for aerosol composition for visibility study (Kim et al., 2001).

Particle size range Measurement Component Specifications Composite equation
NHSO (NH,),SO, 4.125[8]
NHNO NHNO; 1.29[NO;7]

. OMC Organic mass by carbon 1.4[0C|
Dp<2.5pm [PM;5] EC Elemental carbon (EC]
. . 2.20{Al]+2.49[Si]+1.63[Ca]
Fs Fine Soil +2.42[Fe]+1.94[Ti]
NHSO, (NH,),S0, [nss-SO,*7] 1.375{[SO,>"]—0.25[Na]}
) SS Sea-salt 2.5[Na)

25<D,<10um (PMio] = (PMs5] MD Mineral dust [CM]—{[NHSO_]+[SS]}
CM Coarse mass [PM,o]—[PM,5]

Gas phase bo, Absor‘ption coef.f. by NO, ‘ 0.3?’[N02]Wb
DRay Rayleigh scattering coefficient Altitude dependent
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Fig. 7. Average mass concentration budgets for visibility impairing aerosol components during the intensive
monitoring period; (a) the event airborne pollen was not observed, (b) the event airborne pollen was observed.
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