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Opto-Chemical Characteristics of Visibility Impairment Using
Semi—Continuous Aerosol Monitoring in an Urban Area
during Summertime
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Abstract

For continuous monitoring of atmospheric visibility in the city of Kwangju, Korea, a transmissometer system
consisting of a transmitter and a receiver was installed at a distance of 1.91 km across the downtown Kwangju. At
the transmitter site an integrating nephelometer and an aethalometer were also installed to measure the scattering
and absorption coefficients of the atmosphere, respectively. At the receiver site, an URG PM, cyclone sampler
and an URG-VAPS (Versatile Air Pollutant Sampler) with three filter packs and two denuders were used to collect
both PM, 5 and PM,, samples at a 2-hour or 12-hour sampling interval for aerosol chemical analysis. Sulfate,
organic mass by carbon (OMC), nitrate, elemental carbon (EC) components of fine aerosol were the major con-
tributors to visibility impairment. Diurnal variation of visibility during best—case days showed rapid improvement
in the morning hours, while it was delayed until afternoon during the worst—case days. Aerosol mass concentration
of each aerosol component for the worst—case was calculated to be 11.2 times larger than the best~case for
(NH,),SO,(NHSO), 19.0 times for NH,NO, (NHNO), 2.2 times for OMC, respectively. Also result shows that
elemental carbon and fine soil (FS) were 3.7 and 2.2 times more than those of best—case, respectively. Sum of total
contributions of wet NHSO and NHNO to light extinction was calculated to be 301 Mm ™' for the worst—case.
However, sum of contributions by dry NHSO and NHNO was calculated to be 123 Mm™' for the best case. Mass
extinction efficiencies of fine and coarse particles were calculated to be 5.8+0.3 m¥g and 1.8+0.1 m?/g, respec-
tively.
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o191 Ql dejaE: oEAe] W& ddrlE
o] Az F48 £AFE Qs HeEglen, <A
el g dF= g3 FHFe] sk U+
el A1A (visibility)o] & AF7F AlEHE
2L 1980 Fulo|gly, H Lol ol=3 FAHql
A7} 37 Wegoex Hel AHeln AAH
Q A7 AFAE 9z gler, 97 Awe FX &
A A ARE FE5I AAEsEE d1E 5 3l
E P4 vET ok AR @Al dgt o
T2 AdEea goksle] HH, ofRl3] F(1985)2
MeAfA B2 7|44}, JAH(TSP) B39 3
& 2AS BAsly AYAS o435t I 29 E
Aol gk AAZFH Y A& ARt o, g
F Z(1994)2 Agxde] AR} dle
FHs7] Qe dx BAY AR
A 2AE A & FFac #AH F
(19962 AR A el Hete] AR, BAbg,
A 9=t & 7239, Kim et al.
20012y SAloll 27 AN E FF3str] st
o Z=YAH2.5<D, <10 pm)yd el A N=2F
ool 2= AFHAAE Akl 9t Ze] AA
o At w3 7= EEH o I EAL
T A dejzFe] H7] P A HE
o] w2 Bt BAL ur} A d7sie ¥
ofz FiEe} 7t gl

AR AL dr)edE IRz HAd
F e ARAE F9 shieA d71Ae F4%
wWalol] gk - 3A Y A dF fofel
o} o) Alwkst F4ol 97 drled &de =4
A 7] BAA v 2A A G wlgte] F=A
vepdah 2AA 9] 7] 2 At Hlste w|
A YA (PM,5)7t AuiA ez B3 BA4E A4
3 glen, AR E F2 o) uHiAlel &3t
4=33 ek =ARX G PM,s AR A AE
2 odlo]zZe] AL =l A (sulfates), A
A} (nitrates) ¥ YH -#-7) 3312 (organics)-> 7]
Z2] %719 g7 A=At Aoz A 242
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el 4 (elemental carbon)YAR= 7RAIFAIS] i
4% 4 dome el A FrE)
= kel Wsled AR B BAE AYE 9
(Parungo et al., 1994). o]¢} zo] Al 7tafol| Ik
03 d7) g ERL =4 Ak dA, AAakd
A, f18E, davtada 28 2 ) 2
oA} (coarse)®] 57HAE EHT 4 o, v
izl 7t dAEe] @] A A &8 (mass ex-
tinction efficiency) & o]&3ko] A|AZI S HapA o
= 348 & U

g9, AT 0F 2§72 AATAAE Al
A e dleg ARAer 24 4 e FE3E
(Clear Sky) Al&1&}7) $]8}e] A|A ol gt 47t
FAA oz #atsle] 7tx gle v F2] IMPROVE,
Bt & (v, v, HA)5) 3597 NARSTO,
#3152 EURO-TRAC Il 5 AA=9 A+71%
E2 Aol 43T wuk ohjet AlAA el ool
A el wAdRbel WE Bheby, Bebxel B4
ANZez F% 9 BAHst=s Fudka ok FA
742 $vete] ARkl gt ¥4 B3l
A& gl Aoz AJE o] ot oo
229 3l A doMe dd A5 It
Mol B2A e\ T} AR WE Ywse
gzl WA B e BEEd Aes et
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el 2Fe) FAAL A3l AT A =AXY AA 4 Ao # - 3

o 199X 24971A1= 2417t 7HF o2 64 RE
18A1747] & B¢t dd 63y d&A oz AAFA
o med B QrelMe olojz2e 3eby FAdd
gt Bt AA g A B4e EdE 3y A
Aol g mAE Fa 2495 (sulfate, nit-
rate, organics, elemental carbon, soil & coarse)el] @+
A7 71 &E BAElg o, A 27 w2
=3 £F (best—case, middle-case, worst—case)i-
Mg B3 =AAY AARA Dl A3 2o
AAE AL =EIgTh £ Aol AL oo
2% ¥ 2d@ASe A2 43" IMPROVE
protocol (Kim er al., 2001a)5 Al&3lg o, o]& &
dz2 #&3 AFA S (measured light extinction)£;
A" AFA S (reconstructed light extinction) 7¢
2] 38" 423 (optical closure)E ¥] @ =3}l ).
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2.1 ZYEE Wy

YA AYBHE 2] Sdsel F2A)
=AW F 3 ARR/EEF AASY Trans-
mitter site (A 1F24)E s 84 m Fdy3tg LA
2] (35°08’N, 126° 56’E), receiver site (A2#S4)=
st 78 m FFA YA &4 9 (35° 10N, 126°
YRz Wgseh 29 1S R4 F AAREL
o 9Xg dehln sk T B2age Age
1.91 kmo) ™, Al1#Z40)l= Optec Model LPV-2
transmissometer®] transmitter, Belfort Model 1597
nephelometer @ Magee Scientific Model AE-14U
aethalometer’} AX|H g2, A|2F=40) = transmis-
someter®] receiver, URG-2000]J VAPS (versatile air
pollutant sampler) & PM, 5 cyclone o] X5 gw}

Transmissometer= ©7] £ 32 transmittance S
MODTRAN3 modeling program 2.2 FA}sle] ND-
fileer Bp o2 73}l c}. Nephelometer: 4 A H
(dark current)@} zero-pote] +0.012V>r} =31, CFC
-12 span-pote] 1.880V (Rayleigh scattering: 84 m)7}
HEE Z2Zng 2235 QA3 Aethalometer
T 4lpme] {Foz PM,; JARHE 2AHE 4 9l
=% =345-E AAstd datsRzb (TMO, Ther-
mal Manganese Oxidation)o.z2 243 $HAistie)
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Fig. 1. The image map of the monitoring sites at Kwangju.

ter, nephelometer, acthalometer®] &A= 18 7H4
oz z+zb A A 4= (extinction coefficient), XAl 4
(scattering coefficient), ¥4 4> (absorption coeffi-
clen)E ZA]3l== =A< Automatic visual
camerax Y oA SA|RE] & 64717 247
Aoz 6=y B34 £Ale) Aduste Fs
o getel= oz A ARSI URG-2000]
VAPSE: slANA 3 ol A¥e BHs] dla
GelmanA} 47 mm 2 um pore Teflon filter (Zeflo)E A}
L3l on, 20 Ya= CostarAl 47 mm 0.4 um pore
polycarbonate filter (Nuclepore), v]H| ©AYA=
WhatmanA} 47 mm Quartz microfibre filterS AH8-8}
%} URG PM, 5 cyclone2 ®AAS 24 317] $)
3] GelmanA} 47 mm 2 um pore Teflon filter(Teflo)S
ARE-Elg Y 7EAAF BA2 242 mm annular denuder
¢} 150 mm annular denuder& Al8-3ted xE A3l T,
Zbzb AR Aol 228 fHAlE 1% Na,CO;+ 1%
glycerin+(H,0+CH,OH)& 3N oz Alg3idle
o, ¢t 2 3Fo]-& (NH, )2 1% citric acid+ 1% glycerin
+(H,0+CH;0H)& F3N oz Agsigit) 4ok
A (element analysis)& 7]&3std T4 R 7]
71%- YL TN Spez FEIS ICH
MSs} ICP/AESS] F71A ¥bg.e g Na, Mg, Al, Si,
S, CL K, Ca, Ti, V, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br,
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Table 1. Sampling instruments, filter treatment, and analytic methods for aerosol analysis.

Sampler Particle size Filter type Analytical method & organization
. < Quartz filter Thermo manganese oxidation analysis
Righ ~2.
ght 0~25um (Whatman 4.7 cm) (EC & OC), AmAA USA
Nuclepore filter . . .
Center 2.5~10um (Costar 0.4 im, 47 mm) Gravimetric analysis(mass), K-JIST
URG VAPS
Teflon (Zeflo) filter Gravimetric analysis(mass)
(Gelman 2 um, 47 mm) I.C. analysis(sulfate & nitrate ions)
Left 0~2.5um
Denuder 1.C. analysis
(URG 150 mm, 242 mm) (S0O,, HNO;, NH; gas), K-JIST
Gravimetric analysis(mass)
Ti Tef 1
URG PM,; s Cyclone 0~2.5um eflon (Teflo) filter Induced couple plasma analysis

(Gelman 2 yum, 47 mm)

(ICP/MS & ICP/AES, Na~Pb), KBSI

Table 2. Composite variables for particulate matters from modified IMPROVE program (Kim et al., 2001a).

Particle size range Component Specifications Composite equation

NHS$SO (NH,),SO, 4.125[S]
NHNO NH,NO; 1.29[NO57]

D,<2.5pm oMC Organic mass by carbon 1.4[0C]
FS Fine Soil 2.20[Al]+2.49[Si]+ 1.63[Ca] +2.42[Fe]+ 1.94[Ti]
baps Absorption coeff. by EC 10[EC]
NHSOc (NH,),SO, [nss-SO,*"] 1.375{[SO,*"1—-0.25[Na}}
SS Sea-salt 2.5[Na]

25<Dp<iOum vy Mineral dust [CM]-{[NHSOc]+[SS}
CM Coarse mass [PM,o] -[PM, 5]

Gas phase byo. Absorption coeff. by NO, 0.33[NO, i

pia bray Rayleigh scattering coefficient Altitude dependent

Pbe A eksleith. o]-&-8A (ion analysis) Dionex-
120 IC (Ton Chromatograph)& ARg-8le] FF3}3}7]
90 2o, aAE (7] 2 Lawy)
2] BA e darauiziy e g ulZ AtmAAAlel 23]
£ FUt. de]2E EAME 3 AEY WY, 2
Blxe] 2 2AaNLe % 1o adkstgd

2.2 oloj2E MW 2UAF HPY

ezl ol £WAE Aoy B AR B
Aol dhate] BAlo] oltmz, 3 £HASF bo)E
ofe AN el Tk W YA e Ak
A (b R EPAS (b8 T 2o} (Dzubay er
al., 1982).

bext = bscal + babs = bRay + bsp + bag + bup ( 1)

bRay‘—l___-_ _zf‘i ‘DH7] '%-_'o’] A\l’—}l\— Ui;’ Z‘_lﬁ\_ '\"i‘x]'oﬂ ‘o’]é:l'
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el AtA sz 4 EEE 0m), 3 550
nmell Al 0.012km ™' e]m, b, NO, 7}2of g ¥l
o) F4A 4l BE 0.33[NO,,, km 2 AAkd
t}(Malm ef al., 1996). 121} o] ¥ AHEINE =
AR w7)e] BAL & adEsted & ¢S v
A 237) Wl F AFAS(b)E ARl 4
gk Ak (b)F F4=(b,) R 8l AujHez
<ok A Aol g v A= wAA F TR
ol x4} 24 (sulfate, nitrate, organics, elemental car-
bon, soil & coarse)®) =9} F AFAFE E 20
R uiel o] £A¥ IMPROVE protocol (Kim
etal., 2001a).0.2 A FA st A (2)¢} (3)ol <& Al
AFE A

b,y = 3(RH)[NHSO] + 3f(RH)[NHNO] +4[OMC]
+1 [FS] + babs + bRay + bscal. coarse (2)



o] 2Zo] A B3l o3 HFA
Decar comse = 0.4[SS]+ LORH)[NHSOc] +0.77[MD]

3

Ak (sulfates) YAH= H7] FolA Abmo| ule}
At el 73 H,80,, AbAl el oFst (NH)HSO,, F4]
¢l (NH,),SO, (NHSO), Na,S0O,, CaS0, 2] kgt
ez £ 53] hEYol(NHy):= Akl o
22| A3 3bel 71 ghe] Zldhs Ao HuEw
¢l7] @&, IMPROVE protocol-&- t7] o] =)
e Sl dAkE hAd] F3HE (NH),S0,.2 7}
Asle] EAF#A <= (molar correlation factor)& 4.123
2 ZAAsg T (Watson, 2002). A AL (nitrates) A}
oJA] g7] Fol| A HNO,;, NH,NO, (NHNO), NaNO,
52 ez EAgtc)l. Yoz NaNOy= 2H Y
A Fz ARz wA Al of delMe] Alwt
&7} A7) @ Foll (Chow ef al., 1996), IMPROVE
protocole| Al df7] Fo] AAGzE ¢H3] F
stEl Hefel NHNO;2 7143t B AASE
1.292 AA&A+ £7]1F (organic matter by carbon;
OMO)UAE Rarzses] s AAd 57129
TE2A, EH 9 BAME kA R 2ol A7k
of Mt 2 FFH7) Hsle A 57189 20%=
XA Z3h} (Richard, 2002). 28y AAlz2 ==
F718& A5t MU L dAddes B
7V58F dolt} 19703 White and Roberts (1977)%=
$7)skeol A4 slod 47189 5EE 2T 4 9l
= BASASE 142 AAslg o™, Turpin and
Lim (2001)2 1.2~1.7 ¥§9] E4aA 471 -3
< FAslg o IMPROVE protocolo| A= $-7]gk4
el g frlEe B4RASR 148 ARgska
ATt =F YAt (fine soil; FS)2] EARAAFEL F2
EOFAIEEQ ALO;, Si0,, Ca0, K,0, FeO, Fe,0;,

/\

AR AR 7 B % - et

J[m

A 651

r«lm

TiO, ol ©i3}ed MgO, NaOQ, H,0., carbonate A &
B35l A A= 9o} (IMPROVE, 2002; Pettijohn,
1949). =) A= Kim er al. (2001a)o] | A| 3t v}e}
zojed o] abed gl Ak ((NH,),S0, in coarse
regime; NHSOc), 3] 9 ) A} (sea—salt; SS) 2w v 2te]
Z} (mineral dust; MD)2 B-F3led Z}z}b A Ak )}

7o)

2.3 AlEAHEH g Alo‘ ol
(haze level)e| &

i

Transmissometero]] «M] ZA-% AAAR] d 2
ATASFE BAIZ) A9 q]qi&g] ﬂ'ﬂ’g =
4 Astsh vl AEshd AN Fo eaE
AAeA Gk 199949 ofF BFA A ZE
717k8] AlAA Y] Wse #HA 0lkmeld Hu
62.0kmo]gl i, 7} Al#| (event)®] A|AA®]:= trans-
missometerel]] 98] T2y WADA L 2417 &
12X 7 Fggke. 24, Koschmieder AAFA]o] 2]3)
zZtzy AAFE QAT AA 7kl diste] AlA]e] wi$-
294 A (VR=36km)3 “best-case”, H7 A|A
Hal & Aoz AAHe] RES A (12km<VR<
24km)E “middle-case”, A1 o) ¢ FA A
AH) (VR<6km)E “worst—case” 2.2, BF3ld 1)
walgdom, 7t A o] Al Abelf ol wigl FHEhA
#= A3g = 3¢ vehigct

3. dn o 1nF
3.1 3% 52 $x|(mass balance) %

Zetx £X| (optical closure)
19999 5 FFA AA 2UEF 71709 12

Table 3. Visibility components measured from optical analysis by haze levels.

Visibility condition . b e d -1 e
(Haze Jevel) Sampling event VR (km) b, (Mm™") dv
Best-case® 13/d, 22/11, 22/13, 22/15, 22/17 VR=36 <109 <239

. 13/n, 14/d, 15/d, 20/9, 20/11, 20/13, 20/15, 20/17
- ’ ’ ! ’ ’ N ’ ’ < o~ ~
Middle-case 21/11. 21/13, 2115, 21/17. 22/7. 2219 12<VR<24 163~326 279~348
Worst—case 12/d, 15/n, 17/d, 17/n, 18/n, 19/7, 19/9, 19/11, VR<6 >652 >418

19/13, 19/15, 20/7

a,
b,

: Visibility condition of each case was averaged for sampling events (2-hr or 12-hr sampling interval)
: Sampling event was described as day/d (daytime), n (nighttime), or number (middle time of 2—hr sampling interval)

¥: Visual range calculated using the Koschmieder equation VR{km] = —1000 - In (0.02)/b,,,[Mm™']

9 Ambient light extinction coefficient measured from a transmissometer
“: Deciview calculated using the equation of dv=10 - In (b, /10)

J. KOSAE Vol. 19, No. 6(2003)



652 AAL - A

N

~229)el] HAE d2E = E F¥ASE 2
2004 B A} o] SAE nHYAL] =
AFAARE mAYAte] %= (RFM: reconstructed fine
mass concentration)o)] T3t A &g%x 4] (mass
balance) ¥ F3HAA EAH LA S AT
& FA47re] F3hA 42 (optical closure) 2 H A =
Aok ARkl e AgFeee] AFA BAA
Al (49} o, AFAR AdASE A2 3
AHgsteet.

RFM = [Sulfate]+ [Nitrate] + [OMC]+ [EC] +{Soil}
4)

I3 2a)F B 12417 AESYL] A dA=
Z2A3kel ATARES w3, 7 A e (EA
H-ATFAREAIE 21.4%)%0 v 242
BEHe 7S HAF AN AL 28.1%2 124 A
Zo) v|sld ex}7} =F v F o} Transmissome-
ter| Al &A% & 4FA 4 (light extinction coeffi-
cienh)= I3 2(b)ellM g} o] 4 LPEAY Fx
2 A )0l s Aarsted AR QardA el
H)s) Eodch A zhs A g 7 et
L 39.7%o} A gk, &g A4 500Mm™' olstel A HF
Ao e 2l 203%2 Fo) Bk 2 A4 S00Mm™!
o) Aol A A 227} ol AL dloj2Ee] ¥
Mol X TR H A ¢ 7|6} et 27 ARk
W ohjeh, o) UAHEel o3 Sgabek (muldple
scatteimg)©] & AHAL AFAM N 3R] &
or7] wlgel Zlo= Abm I ch(Van de Hulst, 1981).
7% 2(c): nephelometer® ZAF AtatA 49
acthalometer2 AALY E5A 49 ol 3l trans-
missometer® A% 2 AgAe] 2945 £X
& Yehdl HloeM, A3 A eabe 27.6%2 AXt
Hodok #25 doley exdAE 7 #EAu]
2 o), H7|z7el &5 &4 23 ¢ e o
2ol 27 ¢ 3}el] 7]<l¥F=}. Transmissometer, neph-
elometer 2 aethalometer 2}2}2] E-2H-AA] (uncertain-
ty)& 8§Mm™, 6 Mm™' gl 0.5Mm™'2 B3
(Kim et al., 2003). 7)) &3 &3] 0 2}= A}
7, P, sk e AR bl o9 &
o, 71e} &4 A= transmissometer 4« 4]
B gmme] 7, A Sl 98 Fi= A3, T3
2 Aoy 2Jak wle] 7k4 Fo] gITH(US. EPA, 1999).
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Fig. 2. The results of mass balance and optical closure
analysis. a) Mass balance between measured fine
mass and reconstructed fine mass concentration,
b) Extinction coefficient balance between mea-
sured b, from the transmissomter and recon-
structed b, from aerosol analysis, c) Extinction
coefficient balance between measured from the
transmissometer and calculated by the sum of
data from the nephelometer and the aethalometer.



AAzEe) FUNZ H2e] AT 8A AN AQ 3 B - Hebdel 24

3.2 1999 ol B FAFAIL] AIH w3}

1999 69 1693 84 28474 87|70 %
Qb A4 (18 7174)0 2 transmissometersl] &]F] =
AE YadA L] A Avud, 3542 AR
£ ¢ 296~ 18A)) HF A1A A= (average visual
range) 15.3+7.2km, 7 © A H-(deciview) 34.7+
4.50])a1, ¥} E9}(18~6A]) HF A|AAR 13.8+74
km, 37 GAR 3605702 FA=EIeH(Kim et
al., 2001b). o|F 5H AFTAZo| Qs 79 12
ARE 2297049 WaFA 5] AAD Hes o
3ol Jel Qo 129 641614 84] Alo] 9l 149
6A]ellA] 8A] Atole] HIAE Al AA G WEE ¢
oA g #Z ], d7)2 Y 7)Ed 23 9

A 653

e

g oAz FAEY, HFsadA5 Al A9
AN AFEA 717 <o HF ARAYE 95
A FJF AAA R $2 99+74kme]gl e, 13
d A 19.9kmellA A|H o] A3 otsbeo] 199
e dFHF AAAS} 41km7A] RFolA o A=
B35 712E F 2/ 7HE AEY o] %W 19U RE
229747 49 Bt A2 e 277} 43) s}
et

I3 4(a)t best-case] H U AlzbH AW
3 & FHd AZEF AAAR (VR=63.1km)el]
gt Zt AFE) 2= best-case (79 13, 22), middle-case
(74 15, 20, 214), worst—case (74 18, 19¢)= A=
gtel o Alzbd AlAAEe] AdHses Yehd
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Fig. 3. Temporal variation of light extinction coefficient measured by transmissometer during the 1999 summer inten-

sive monitoring period.
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Fig. 4. Diurnal variations of meteorological factors and relative ratios of visual range during the 1999 summer inten-
sive monitoring period. RH, AT, and Rl mean relative humidity, air temporature, and radiation intensity,
respectively. B, M, and W mean best-case, middle-case, worst-case, respectively.
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Table 4. Mass concentrations for aerosol components reconstructed using modified IMPROVE protocol and RH-con-
tributions of suifate and nitrate salts to light extinction on 19th (worst-case) and 22nd (best-case) July during
the intensive monitoring period.

Mass concentration Light extinction budget for NHSO and NHNO
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pg/m’ Mm™

6~8 2.1 6.0 0.8 10.0 2.0 1.9 20 18 39 3 2 5
8~10 2.0 6.4 1.3 29.1 3.1 3.6 19 19 38 4 4 8
22nd July 10~12 1.8 3.1 1.3 154 2.3 3.6 7 9 17 3 4 7
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14~16 19 1.9 1.2 99 1.5 1.4 5 6 10 3 3 6
16~18 1.8 2.2 1.2 10.3 1.8 1.8 5 6 12 3 4 7
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Fig. 8. Diurnal variations of scenic images by haze level during the intensive monitoring period.
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Table 5. Light extinction budgets for aerosol components reconstructed using modified IMPROVE protocol and physi-

cal properties of aerosol by haze pattern.

Fine Coarse - c R FRH b

Haze  \Hoo NHNO OMC EC FS NHSOc §5 mp % e Fine Coase Ryl fRH) by VR

pattern _ _

Mm™ ug/m’ % Mm™' km

Best—case 178 37 18 1 9 2 11 3 12 144 112 056 189 88 444
Middle-case 92 24 68 33 6 15 2 20 2 12 371 223 062 208 269 145
Worst-case 203 107 80 49 3 25 4 32 2 12 793 337 070 241 892 44
Daytime 116 45 71 40 S 18 3 24 2 12 484 237 067 206 462 85
Nightime 184 70 31 19 1 24 4 20 2 12 465 276 063 362 644 6.1
Avg. 126 49 65 37 4 19 3 23 2 12 481 243 066 229 489 80
Std. 82 52 33 23 4 8§ 1 13 0 0 339 124 012 070 435 90

*: Fine mass fraction of PM,, mass concentration (PM, s/PM, )
®; Measured light extinction coefficient using transmissometer
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