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Abstract

The characteristics of aerosol light extinction were investigated by comparing measured and calculated extinc-
tion coefficient to understand the contribution of air pollutants on visibility impairment for data during 4 months
(Jan ~ April), 2014. The integrated nephelometer and aethalometer system were installed to measure the scattering
and absorption coefficients of aerosol as well as BAM 1020, MARGA, semi-continuous OCEC analyzer, and
online-XRF to calculate the extinction coefficient. The IMPROVE_2005 equation was used to determine the con-
tributions of different chemical components on visibility impairment in PM, 5 and PM,, due to highest correlation
with measured data. Sulfate, nitrate, and organic mass by carbon (OMC) of fine aerosol were the major contributors
affecting on visibility impairment. Total contributions to light extinction were calculated as 631.0 Mm™ for the
worst-case and 64.4 Mm™' for the best-case. The concentrations of aerosol component for the worst-case were 38.4
times and 45.5 times larger than those of the best-case for (NH,),SO, and NH,NO;, respectively. At lower visibility
condition, in which extinction coefficient was higher than 400 Mm™', extinction coefficient varied according to the
relative humidity variation regardless of PM, ;.

Key words: Visibility, Extinction budget, Nephelometer, Aethalometer, Seoul intensive atmospheric monitoring
station
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Table 1. Composition of the total light extinction coefficient.
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Table 2. Composite equation of reconstructed light extinction coefficient.

Additional
Bucnsie Bucaune bry Do by
3f(RH){[NHSO] + [NHNO1} _
IMPROVE_1993 +4[OMC] + 1[FS] 0.6[CM] bry  Dasno,  10[EC]
2.1 (1-RH/100)*7{[NHSO] + [NHNO]} _
IMS_95 +2.8 (1-RH/100)**[OMC] + 2[FS] 0.61CM] Brsy  Busno,  10LEC]
3f(RH){[NHSO] + [NHNO]} 0.4[SS]+ 1.0[NHSOc] _
KiM_o1 +4[OMC] + 1[FS] +0.77[MD] Bray  Bawno,  10[EC]
2.2f,(RH)[Small Sulfate] +4.8f, (RH)[Large
Sulfate] + 2.4f, (RH)[Small Nitrate]
IMPROVE_2005 +5.1f, (RH)[Large Nitrate] ! TO(E[I:IZ)I\[/IS]S] brey  busno,  10[EC] -
+2.8[Small Organic Mass] ’
+ 6.1[Large Organic Mass] + 1[FS]
0.91 (3[NHSO] (1-RH/100)™"7) 098
_ -0.7 _ _ .
NIER_06 + 1.34 (3[NHNO] (1-RH/100)™") 0.6[CM] (10[EC)) 153.53

+1.06 (4[OMC] (1-RH/100)*%)+ 2[FS]

NHSO: (NH,),SO,; NHNO: NH,NO;; OMC: Organic mass by carbon; FS: Fine Soil; EC: Elemental Carbon
NHSOc: Coarse (NH,),SO, [nss-SO,”"]; SS: Sea-salt; MD: Mineral dust; CM: Coarse mass

bg,,: Rayleigh scattering coefficient; b, vo,: Absorption coeff. by NO,

Ray*
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for [Total Sulfate] < 20 pg/m’ Eq. 1.
[Large Sulfate] =[Total Sulfate],
for [Total Sulfate] > 20 pg/m’ Eq. 2.
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— [Large Sulfate] Eq.3
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Table 3. Variables and equations for visibility impairment
of aerosol components applied in this study.

Particle size range ~ Components Equations
NHSO 1.375[S0O,”]
NHNO 1.29[NO;]
oMC 1.9[0C]
D, <25 pm o 3.73[Si] + 1.63[Ca]
+2.42[Fe] + 1.94[Ti]
EC [EC]
NHSOc¢ 1.375{[SO,1—[SS]}
SS 1.8[CI]
25<D,<10pm MD [CM] — [NHSOc] +[SS]
CM [PMm] - [PM”]
bg, Altitude dependent
Gas phase Ray
P Busoron 0.33[NO; Ippb

¥ ATolH AMg T SEY RS 4
535 (NHSO)T} 2 AHeh i & (NHNO)-S
Aabo] Lol 13759 1299] BAAS
2 A/IZOMOE UdHe §7)
=0 OM/OCH|Ql 7
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1.2~2.49] kgko] AFgHTL ;_E%X% Sl o (Frank,
2006; El-Zanan et al., 2005), IMPROVE networko]] A
PM, ;o] gk OM/OCH| S ARt A3t 2k S H 9
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Fig. 1. (a) The correlation between measured and reconstructed PM,; concentration; (b) time series of both data.
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Fig. 3. Correlation between measured b,,, and reconstructed b,,, from (a) IMS_95, (b) IMPROVE_1993, (c) KIM_01, (d)

IMPROVE_2005 and (e) NIER_06 equation.
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Table 4. Reconstructed light extinction budgets by IMPROVE_2005 and physical properties of aerosol for each case.

Extinction coefficient (Mm™")

Mass conc. (ug/m’)

Case Fine Coarse RH(%) b, (Mm™)
FinePM,; CoarsePM,,
NHSO NHNO OMC FS EC SS CM

Best 53 58 119 4.0 79 09 9.8 15 16 45 644

Middle 39.8 63.6 355 49 189 58 142 44 24 54 208.1

Worst 2033 264.1 659 52 31.7 13.8 18.0 99 30 68 631.0
m NHSO
m NHNO
m OMC
o FS
m SS
m CM
m EC

2.1%
(a) Best case

(b) Middle case

(c) Worst case

Fig. 7. Light extinction budgets of aerosol components for best, middle and worst case.
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