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Abstract The visibility impairment caused by air pollutants and aerosol water is a major environmental problem in our
society. This research investigates the impacts of chemical composition of PM, 5 and aerosol water on visibility impairment in
Daejeon, Korea between 2014 and 2020. Light scattering and absorption coefficients were measured by a nephelometer and
an aethalometer, respectively whereas light extinction coefficient was calculated from PM, s chemical composition and
relative humidity (RH) using the IMPROVE algorithm. Good agreement of light extinction coefficients was observed between
measured and calculated ones with a slope of 0.99 and R? of 0.95. Decreases in annual average concentrations of (NH,),SO,,
organic mass (OM), elemental carbon (EC), and sea-salt (SS) were observed in 2020 comparing to those in 2014 whereas
NH4NO; was increased. During the period of poor visibility (Worst 20%), light extinction coefficient decreased 16.9% in 2020
compared to that in 2014, resulted in 23.2% increase in visibility. The contribution to the total light extinction coefficient
decreased from 34.4% (2014) to 22.6% (2020) for (NH,4),SO, and from 18.0% (2014) to 10.8% (2020) for OM whereas increased
from 36.8% (2014) to 59.9% (2020) for NH4NOs. During the Worst 20% visibility period, the contribution of aerosol water to the
total light extinction coefficient increased from 48.4% in 2014 to 53.5% in 2020, indicating that aerosol water is important
contributor to visibility impairment. This research indicates that reducing NH4NO3 was a significant factor in the deterioration
of visibility.
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L. B o] A2 A ETH(Tao et al.,, 2008; So et al., 2007).
571 T vAAR] Tt i oW B

PAE 719 d EEQ vAHA = kY] A7%S 4te B 5ol WobA T AT o5 "ok
oFgtA] 7|2, WS 4bek 9 Foto] TIXARE A olE 7HAY ofBh(A eehetar A oftet (Pui et
AlZ1t}(Jung and Kang, 2021). &17]A] 7FAIAE] (A7 al., 2014; Park et al., 2003). 7FAA 7] etsh= TA] Z]
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2014103} 202018 CHEXI Th7| & DIMIPX] SEIEA Hsfo] T2 JHAIH2] 25t S4 bl 703

2002). =4S 7 AR At nHHA] F 5k ALo]
O] AFTA L ofe] g Aol HauE g, At
Ft it A o2 AR {71 9A R W AR
< 5ol 94T (EC)= & EE Sl 7HAE
SFSIA]ZIT) (Tao et al., 2009; So et al., 2007).

20079 58 S FA oA mlA R oJet 7}
AlAE o5t 7= AEH0l 40%E 7P =X,
A71A7F (22%), DAEA (22%), AT (16%) =07
R (Tao et al., 2009). 1999 EE] 2000712 f
T 7ke oAl mlAR o] SJRt ZHA A o5} 7]of
T A (29%), DA 28%), F71EA (22%) &=
©0 2 UEPRSTH(Yuan et al., 2006). 2016 A& F=
B0 = AiEE (RH)7H80% o4 o, PM, 5 &
& Lot SRRt whet 7R AR 7Y G455] o R
L 710 2 YEsTh(Shen et al., 2021). 2006 o] E34
F= FANAE T L AFEAGA ol <Jjt
FFol Bt 34.2%% AH=5 1T (Jung et al., 2009).

201295 H 2013Q@7HA] = F7NA A&E
PM,s A% T FAYEE (NH,),S0,), 4 s
(NH,NO;), F7192HOM), Y4E4 (EC) B EF A
E (Fine Soil)©] ZZF 21 +£5%, 20+5%, 36 £7%, 5+
2% 12111 7+4%E AA|oh= 202 U TH(Quan
et al., 2014). 2017 @A 201987H2] F= B A
PM, ol gt A4t HE9] 7]o3&2 PM, 5 &7t
35 pg/m® °J5td o 13.0% AT, PM, 5 H=7t 115
pg/m’*~150 pg/m’ 0 &2 ol uf 39.6%= FA5] &
7¥stelch. stARE FY 713F 77194 (33.1% —
16.5%), ZHAT R (17.0% — 15.0%), A4 (5.4%
—3.7%) 719382 A4S Ao 2 vEbdthH(Hu et al.,
2021).

201195 202097H4] F= Arheo] Ag+
PM, 5 HE 201539 51 pg/m>of A4 2020 9] 32 pg/
m’ 0 2 7rA5HTH (Liu ef al., 2022). PM, s F5HIE
% 50,279 A% e 201197} 2012 HiH]
20193 23.5 ug/m*oIA 6.7 pg/m* 2.2 37| 745}
AATE NO; & 3.5 ug/m*9l4] 10.0 pg/m*2.2 37
Z71R AC 2 YERdt o] AT NO; /S0, ]

7}F0.1400A] 1.52 3A Z7VsFTH(Liu et al., 2022).

1980WRE] 2008717] =1 57, A3 5 HhEA]
2199 B A&E5Hor THAA HAaslt
(Zhao et al., 2011). Z=2] 58271 2] <ol 4] 19801
A 200587k 2 7R A7 FAaskd AR,
2005'3N1A] 20178 Atolelli= 7FAIA 7L AR <
02 FAEAY A7 Z7V5FA T (Zhang et al., 2020).
ol2]gh A Aldel Adglo] FYSHA HEt,
A&H ZHAZ 7P WAL, o5 7MY =2 A
A2 E4& Yeyith

S wol BH=t}(Jung ef al., 2019, 2018). T o]
F4E A ol LAEH] wiEd Ao 540
upet nAHz] ] FeE 9 S5AJo] fAFSHALE Aol
gt E4Jo] et ATt (Jung et al, 2015). ZZ F=]l
Ae d71e 954 WiETo] FAH Eol =HAY
O] nNHA] FL7F AL, nAH 2] SFekx/dE
71ol-& % W5k It (Liu et al., 2022). ©]2 Ql&f &
= ZAAS 7 AZE A A=A Itk (Zhang
et al., 2020). 197 ool FtollA QA=A viE
o] 7] st Qg Stk 2] 9] 7 A2 HEt
E4S 24T a9l

29N A PM, 59 B15HA Aol Tt Tkt
A7t A=A, 7 A 9 sFstxg W e
E49] IA o thet JH = F=51t} (Jung and Kang,
2021). & Aol A= wAER|7F 7EA A 2] e 3tof] 1]
A= GFE o] str] Sl st Fe
oF Fst EAo| wE 7HA A HIE A5
201437} 2020901 FHEAWH7 A AFANA FH
9 uAwz] &9 9 3ket EA SRS S 24
ato, mIA|HA] sfstxA §ish 2 7HA A A7) WSt
E£498 stk

—

2. A7 Wy

201497} 20209 AR 7HA AT e EAE
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5] f1el vl 2] SFekx/4d} IMPROVE €12
&S o83 B 2EAS 2 TR ALY AFE ol
et A5 agskalnh WA uAwA] etz gt
IMPROVE ¥112]55 o] 85 ALtE Yl &EA 9]
AS52S Y59 Nephelometer?l AethalometerS
o|-gsfl Ztzt 1l At Al et S ATE 5451, ©]
2HE 9 AFASE Axtoladeh etdog &
B 9 AEA e} st or Y AntE W &
A& Hlwste] IMPROVE 41&] 35S o8¢ 2
LBA A4S A 22 IMPROVE
S| E} 7 A Y A ARE ol-8-5f ALt ZHAIA
29| A5-Z S35kt o] & flaf Q1] 71
SaoA ABAE ol-8al S4E 7HAY @S &
B5t3ieh 20209 19X 3E7EA] AL 7HA1A 2
ot % 7HAA 9] Bl S 53l IMPROVE &1
2152 7 A Y A4S A S s

n|AH 2] sletxAd 9 get EAL g Al

¢
Foll 175 FRAN|SA AT AN ZHEodc,
a

W, L
ng ol

L

o} 548 24517 §Is g
7 dx=le] Sle, 2R SHH A= 59
T ALgstel SAfo 2N ARES SUT T oK}

712 NG Y (https://data.kma.go.kr) ol A Th-2
2E o} 240 gt B AP 7} &
717r0) 74171 2) S ALl

2.1 Yt S Y &Y

Aethalometer (AE33, Magee Scientific, USA)E ©|
85l 770 T (370, 470, 520, 590, 660, 880, 950 nm)
ol B FAT (b S S80I 725 H 2
F 518 5% A|FE PM,; Xo]EE (SCC1.829,
BGL USA)Z 551 PM, 51t 2] =0T PM, 55

F245 e Sl 2 F Wejol g Falsio] =
T o] FAEHE Fo2RE U T
P7HE (BC) 9] 55 S7oIX T (Magee Scietific,
2021). eS| 2 H ofloj2F 429 loadingoll T
et S A BASH] SlsiAl AE33 B2 AR
v Ao R e oojzdES FA EA5H
loading factorE AFEl H/Fsteich. Tl TE W o
F Abetol] o5t @2} BA-S 9JoH PTFE/PETE ¥
= G246 TE (M8060, Magee Scientific, USA) <]
o5 AFEAIRQ] 1,395 2-8-5F31TH (Magee Scienti-
fic, 2021). ¥ F5AlllA BC s=5 4= o] A
S5 o Ak 54 HZAL 1847 m?/g (370 nm),
14.54 m?/g (470 nm), 13.14 m*/g (520 nm), 11.58 m%/g
(590 nm), 10.35 mz/g (660 nm), 7.77 m?/g (880 nm),
7.19m?%/g (950 nm)°|t}. 5 Leipzigol A <] 574
ol A A 521 237H2] AE33 aethalometerof] Tt
v 7} Aol w2, 880 nmollAl HAZF AAH
AEfoll Al o] X AT = Wt 0.031 pg/m>S.2 AFEE]
QIth (Cuesta-Mosquera et al., 2021). =3}, sootd}
nigrosing Yo|2 TAYA|FA 237]9] AE33 aethalome-
terE BA1 SHNE o], 7|F aethalometere}t H]| 5]
A Bt 1% olHoll GAIsh= 2 0 2 et (Cuesta-
Mosquera et al., 2021). Aethalometer®] 243 =
A ZAFRZRE 5% o= B %] 2lch(Hansen, 2005).
Nephelometer (Model 3563, TSI, USA)E ©|-&35] 3
70 =4 (450 nm, 550 nm, 700 nm)of|A] ofjo]2Zof 9]
St 9l AHAI (byeo) B SESHAT Al 2 A2 of| o]
z2ZF0] AlAE 7tAE FU9) o] Fo AL, A3 WA
2 =4 o] ARl AE FA 6 43P =] AT}, Nephelo-
meterS 0|87t & AgtAg 24 B 5E I
Aol A 2% olWo]l, AETAE 6 Mm™ (450 nm), 3
Mm™ (550 nm) 281 3 Mm™ (700 nm)ZE E11 %%
tt(Jung et al., 2017).

HERA S =77] (BAM 1020, Met One, USA)
£ o] &3 1217 M 2 2 PM T PM, s B EE SF
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20144

skt t)7] = A8 29 167 LE PM,, Q2 E 9}
PM, ; #Ho] 22 (VSCC, BGI, USA)S 59l &¥
E e ZYEA ti7] A= x [90] Het
7HEE Q| 2po| 2 7 E A T E 4SS
PM, 84 o]2AEL oleIRulE ] 7]
Hb o] A B oja=27] (URG-9000D, URG, USA)%
o|-g3f 1At FFA 02 ZHE T PM, 5 AolE
(URG-2000-30ED, URG, USA)&

oS -Ioll

SOl 29 3L —:;T%‘
H AlZ+= parallel plate membrane diffusion denuder
£ 6t 7EAA 1wl AR F sty
HAE o] &8l PR ol 2ol ZHE I ol
A=zutE I uHe o] gl A5t ZYH Alm F F
ol (Na*, NH,*, K*, Ca?*, Mg?" )3} o] (CI,
NO;~, SO,%) Ag+o] ZH7F BA =] et

PM, 5 7154 (0C) &t HAEA (EC) Sk E3%
SHA et 424 7] (4F-semi continuous field analyzer,
Sunset Laboratory, USA)2 FAA|ZtC 2 S &
. ti7] 5 Al&E PM, ; Ao E2 (SCC 2.354, BGI,
USA)E 59l £ 8L2 &Y% ¥ parallel carbon
denuderE TS 7t §71/4d =0 AAH
glof] ZHE . 4042 23] F 202 B —‘E—"JO] T
PR QT B4 Al 25 Z7-2 NIOSH (National
Institute for Occupational Safety and Health) T2 &
& msth 93k fr1gas folA FRedE

1t 202014 CHMX|S 7| S DIMITX| Stefzy Hatof WE THAH2| ofet £4 Hlw 705

o|-8of] HASIATE f7 e At JAgtAo] HETHA
L 05ug C/m* o2 HUEQY, AEHAE= 592 B
%]t} (Polidori et al., 2006).

2.3 2MuY
9 2BAGE (b,y) s B ARG (b, ) 9 E E5A
T (b8l o= FAAHE EHA oA PM, sl

oI5t 7tx A E] o5t JFS HrFelr]| $15) PM, 5 6
7o sFehEd 2 BER51tH(Malm and Hand, 2007).
67l setEd2 R E (NH,),80,), A4t E
(NH,NO;), 171 42HOM), 4824 (EC), SHE (SS),

EFUA(FS)olL, & 19 goFsto] yEh let. gt
PRE> 4] Fobd AHEhe st it
SERRE AL, At S A4t %’ %EE
FH Axtstant 17194 2 =0 B¢ /71
& A7 ol 7lia 1.78 F5he] AHEsHIrt (Malm
and Hand, 2007). A&E5HA] 231 Y25t =
A7 8H A4 4] AMS (aerosol mass spectrom-
etry)E 0]-83 4% 2018 Fo OM/OC H|7} oF
1.952 HI1E%) 1'4'(Song et al., 2021). SH-AN 7]
BAT420] B¢ A S dizHel fAIsk 9l
7] BZell 12} viE B4 Wrgsto] A2A] Batak
Hot 22 175 ARSSHE s dA A% 5=
8¢ Astole ko sl F A HIY 1.8 |

Table 1. IMPROVE's calculation formula to be used for analysis (DeBell et al., 2006).

Component Specification Mass calculation
. ~ Small mode, [(NH,4),SO4]s = [(NH,4),SO4]iotal —[(NH4),SO 41,
NH,),SO. Ammonium sulfate 1.375[50,2 ° ota
(NH)>504 5047 Large mode, [(NH4),50,], = [(NH,),50];0ta2/(20 g m™3)
. . _ Small mode, [NH;NO;]s = [NH4NOslo1a ~[NH4NOs5],
NH;NO; Ammonium nitrate 1.29[NOs7] Large mode, [NH;NO4)], = [NH;NO ], /(20 1ig m™)
) Small mode, [OM], = [OM];gta —~[OM],
M | 1.7
0 Organic aeroso [oq] Large mode, [OM], = [(OMJ2/(20 g m-)
SS Sea salt 1.8[CI"]
EC Elemental carbon [EC]

PM,s_others Fine soil + unknowns

[PM,5]1=([(NH,4),S0,4]

+ [NH4NO;] + [OM] + [EC])

@] Coarse mode aerosol

[PM10]~[PMy;5]
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o] AFESHelt EFAret AR EA g2 4
PM, ;_others= A 2|to], PM, 5 A4 oA L
2] 57 SFetEd (A EE, 4R E, 17194
Haers, i) 9] 9] 2ol FLE AlLtehiiTh
ZH YA PM, T PM, 5 A% 0] Zpo]=HH
AlAFsE3ATt.

Hand and Malm (2006)©] <=3+ A 3] ALof|A] of
7] & PM,5 TE7F 22 7Ttoll= S4 4789 =27]

=

7F 0.2 yme] o (EEHA= 2.2)

o= 0.5 ymoll T (EEHA= 1.2)= 7
A 5= 2271 Y55 U0 IMPROVE &al@|5ol
A T 3= AR 571 20 pg/m’o] Hol
7hA 0.5 ume] FE& 7= 99 A v REE 7t
ke 7Hdstol] obefl At Zo] St = small
mode¥} large mode® TE5IY ATF L& LERY
At 4714 Sl 3FeEA FE7F 20 pg/m’o] HO
A LT large mode® 7Y Sttt w-Evt
ofel AittREY 7142 E FUSHA small H

large mode = 22| 5to] LrER ]t
[Large (NH,),SO,] = [Total (NH,),S0,4]*/20 (1)

[Small (NH4)2804]
= [Total (NH4)ZSO4]—[Large (NH4)2$O4] (2)

IMPROVE ara]5oflA] AAJRE 4 (3)& ©]-&-5]
PM, s 21ot2 A Fot Jtis=s ol 8o 2 4°
AZ (b)) E At A (3)el Vel A5 5k
ool A= el e 2 AR 2 8 ae UE
W}, Small mode]] H|] large mode®] 54 1740]
=7] gl i o2 2 AEgra-go] 2853

ot

et = 2.2 X fg (RH) X [Small (NH,),SO,]
+4.8 X f; (RH) X [Large (NH,),SO,]
+2.4 X fg(RH) X [Small NH,NO;]
+5.1 X f; (RH) X [Large NH,NO;]
+ 2.8 X [Small OM]

+6.1 X f; (RH) X [Large OM]

+ 10 X [Elemental Carbon]

+ 1 X [PM, 5_others]

+ 1.7 X fgs (RH) X [Sea Salt]

+0.6 X [Coarse Mass] + Rayleigh scattering
+0.33 X [NO,] (3)

714, f(RH)«= 4-873 B+ S E 7t =
£ W Al 571 BlE UEhd: s =t Eot
AW F54 Y TES E55te] gl AR,
o] Qlafl Bl Ateta-&o] F7IRItt A gHolA ¢
2}0] AT (byeye (dry)) & 574 5= 2704
AT (byeo (RH)) ZHE] f(RH) (= byeyr (RH)/ by
(dry))7F AP H] 54 A= 2E AdisE
Z200A f(RH)7F 1= UEH T, 54 92k 73
Frrt 7h 18t & 32 71 st
A5 o] T2 f(RH)ZE Pitchford et al. (2007)°]
ARG 3 AHg-SFATE IMPROVE € 1E]&5-8 o] &
off sfetEd FE T H AEAT (b)) E AT,

ot 4 (4)F ol-&sll 7HA72E Antstalt

Visual range = —In (0.05)/b,; = 3/b,.; (4)

X,

714, B A tiH] EAIE TR £ e i o
% (contrast threshold)= AlAI71/&7]17ll A AAIH
0.055 A8-53tH(WMO, 2018). Koschmieder”} A|
QFeh el LA 0.025 -85l 7HAAEE ALt
I QUAEE 718 A AN S E 7R A2 2]
| F7HE flsh 2 Aol A= 0.058 AH8SHAT

3.2% % v

et

3.1 JHAIA2| AHA HE

AR S1et2A 5%t IMPROVE 2125
=
o

4 (b,,_measured)2} IMPROVE &112|&7} v]A|H

=71 sts|x| M 38 H M55
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2] spetx A FE=RY AME YW AEAS (b,
(dry)_calculated) 9] AFEZ =5 T 1] vl ste] Lyek
W3} Nephelometero] =dH A]|Z+= Diffusion
dryerE o3} A% Aol ool A, Shstsp
Aol 57 Qslr] R S48 2 AL 2
24 2] et SRAN S AT A
A2 A- Aglo]l 27t A FA=E L

AUrk A58 AU rt oY 2] mjZe] &
P A= 0] HF et ZoAa, ALES AU
7b QR ET £7] fiZe] EUE Ao st

500 %
400 A
£
=
T 300
=
%}
@
£
| 200
>
2 y=1.00x+5.89
g =095
< 100 |
0 ; ) ) .
0 100 200 300 400 500

b.(dry)_calculated (Mm-1)

Fig. 1. Scatter plot of measured b,,; versus calculated b,
by the IMPROVE Algorithm.

ol A k. B, df] F Ak AsHol o
Aol Hlsl] oA o2 7F W, diffusion dryer
ol L AlFe] ol Fo A7) el FUE A=
o] A& T 30% W] ARATEH R 42|},

B Ao A= IMPROVE ¥ 2] &S 0|3 74W
g 2 2FASE B8] Brlol] ol AdiEE
dFol 71 AL ALHE (19,29, 129) SHH g

mlm A

L

7519t Nephelometer?} Aethalometer& ©]-&
off Aol SHH 22 o] 2 Ao ¥
1.

A 3k th= 71dstel, IMPROVE €ale| ol A
3 P Aoty 9 AFASE Altol3
t}. 1% 19 Kol Hie} Zro] IMPROVE €185
At W AdA= FeAQ o s
A2t 7187171 1.0, R?©] 0.952 L}
Wrh 0|27 E IMPROVE ¥al2j&2 A 9 4E
A5 & HASH: 2 o= e

IMPROVE &al2|5o2HE Atte 9 A8AS
£ o83l 7HAY A A o = RE AL ZHAAE
£ 33571 915 20208 9] 19 2~3Y9 T Ato] 7|4
ol ABAE ol&al SHE 7 A e} Alsbe
TIAARE 17 29} 3¢ Hlaesto] vrEhf Stk 1
20] Kol Hie} ZHo] IMPROVE €125} 7147
2] A2 ol &all AlMtE IR AL 7135 AT
AE ol-&sll SA7E 7 AR eF A S| AR AlA
g A3 Ueligleh 5351 ZHA 27t 40 km ©]s}

El

?

N e
A,

rid

h

P>

—VR_KMA —VR_IMPROVE

100

80 4

60 -

40 |

Visul range (km)

204

oo

o
Yot
= .2

0 T ; T T
12/30 1/9 119 1729 2/8

AN}
2/18 2/28 3/9 3/19 3/29
2020

Fig. 2. Temporal variations of visual range in Daejeon measured by KMA and calculated by IMPROVE algorithm during

January~March 2020.
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100

80 1

o
e I
el
£ oy
w60 2
=
@]
g o
= 40 0
|
[hd
=
20 y=115x+1.65
R2=0.83
0+ T T T T
0 20 40 60 80 100
VR_KMA (km)

Fig. 3. Scatter plot of visual range measured by KMA versus
calculated by IMPROVE during January~March 2020.

A o T 7HAA 7} vl FARRE gk UEhie 2
shelgh 4= Qlrk

2020 19 o)A 39 H7EA] el A 717435 Al
AAEZ ol 24 7}X]A2]2} IMPROVE &18]
S ZHA A Y] AP A o]-8-5to] AL ZHA A2 €]
AR s 9 30 YER It AL A A7}
71747 NAAZRE S35 7 A2 H]sf AdthA
o &2 A AE= AT R*0] 0.830 2 A TA=
- 3t Z 0 2 UERgTh

3.2 Z|Z Al (2020)2t 24 ARzl (20149)E
Hlw 24

n| A 2] 2kt gl A A Y] ofst ke Botst
7] 915l 201497} 2020 AlEE spot/d FEof A
E’rﬁﬂ”‘e 20 eIt PM, 5 A% 5=0F B
DA 2t etEdd 7] = 19 40 UER
‘”E} 20149 shetEAE Agd T 7194
(10.27 +£6.20 pg/m?, 29.9%), AL LE (6.09+5.48
ug/m’, 17.7%), A4 H 5 (5.16 £5.68 pg/m’, 15.0%),
HAERA (1.6941.08 ug/m?, 4.9%), ¥ (0.71+0.89
ug/m?, 2.1%) £=C 2 YUEFGI, 20203 9] 79 AAret
TUE (7.43 +8.43 ug/m’, 30.7%), 7142 (6.16 +3.49
ug/m’, 25.5%), AT LR (5.25 +3.38 ug/m?, 21.7%),

It

O

U4 (0.9940.58 pg/m?, 4.1%), M (0.54+0.64
ug/m®, 2.2%) =22 UERITE 2014001 57 4At
o] 27} 71 =9kA]E 2020W0) s AA R 0]
Lt 7P =4 e th St R {7194
o] Al FEE 2014 HS 20201 ZHzZt
13.8%, 40.1% ZAot} E5] At w2l 74 A
2 -l iAo wol ARt Ao R Yyt
o F7192e] A A Adoll 24 1
A0 e HH, AR ABd sEe
20141 H]3} 2020191 44.1% Z7}5H3EE £3] A
=4l =7t A F7RRE Ao & YEhkth
A AS T+ 201493 20209 0] 242 723+
19.9%, 70.8 +20.8% = T Z}o|E Ho|z] ¢rerar, A4
P FARSH UEhkth =4 sleEdd W
ArtAlg 99 A 201480 AR E
(63.9+83.4 Mm™, 31.1%), ZAIId & (58.9+84.7
Mm™, 28.7%), G714 A} (50.4 +£40.7 Mm™, 24.6%), Y
AEHA(16.9+10.8 Mm™, 8.2%), N (4.6 £6.7 Mm™},
22%) +O &2 UERTh 20209 A9 AR E
(78.6+122.4 Mm™", 46.4%), AT 5 (48.7+£50.0
Mm™, 28.7%), 571 44+ (25.5+18.9 Mm ™}, 15.0%), ¥
AEA(9.9+5.8 Mm™, 5.8%), SH (3.1+4.0 Mm™,
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745 BHEET 57k §5447 02 Yo St
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Al AP A= 71 JAE HIESd A= 7H
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512 gheth o] iEel §548E THe M REE
I AARRFRFo] {7 4Rl HIs AFtAl T} ST A
o5 IA F7Kt 7/1% ghelgt & Qlt.
7IA A ofsto] AG AR FFE F= B 2EA
9] A2 201490 S EEO] 31.1%E 7] =7}
71 w=okout, 2020800 28.7% 2 A2 Sttty
o}, UbH FARIR O] 7|ojT = 20141 28.7%01 A
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Table 2. Summary of seasonal average of chemical and optical properties in Daejeon during 2014 and 2020.
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709

2014 2020
Compound Unit
Winter  Spring  Summer Fall Annual  Winter  Spring  Summer Fall Annual
(NH,),50, 720+ 639+ 608+ 484+ 609+ 532+ 489+ 579+ 511+ 525+
6.05 5.50 5.72 4.28 5.48 3.21 2.75 4.19 344 3.38
NH,NO, 787+ 604+ 296+ 428+ 5.16+ 1282+ 636+ 077+ 829+ 743+
6.48 5.87 3.97 5.08 5.68 8.98 5.84 1.24 9.79 8.43
oM 1471+ 1228+ 6.96% 8.11% 1027+ 731+ 592+ 437x 6.73x 6.16 &
5 8.07 4.46 3.96 3.66 6.20 3.72 2.86 2.74 3.85 3.49
EC MOM ™ 224+ 209+ 110+ 148+ 169+ 125+ 090+ 071+ 102 099z
141 0.90 0.60 0.83 1.08 0.70 0.43 0.30 0.64 0.58
sS 151+ 061+ 019+ 057+ 071+ 116+ 027+ 009+ 051+ 054+
1.10 0.53 0.31 0.75 0.89 0.69 0.27 0.12 0.58 0.64
PM,s_others 1351+ 1654+ 1040+ 334+ 1049+ 276+ 474+ 492+ 274+ 380+
13.84 9.66 10.65 3.70 11.20 343 4.21 4.87 2.80 4.04
RH % 678+ 622+ 822+ 771 723+ 67.0x 59.5+ 834+ 732+ 708+
183 22.1 13.6 184 19.9 18.5 22.7 14.6 18.8 20.8
bycar_(NHZ),50, 654+ 517+ 730+ 618+ 639+ 419+ 365+ 686+ 557+ 487
69.7 65.7 94.4 92.7 83.4 38.5 355 63.7 58.5 50.0
bycar_ NH,NO; 761+ 572+ 426+ 611+ 589+ 1362+ 561+ 90+ 1030+ 786+
80.4 84.3 77.8 92.2 84.7 1353 83.0 20.8 162.3 1224
bycar OM 803+ 61.7% 299+ 358+ 504+ 316+ 237+ 16.6+ 287t 255+
. 54.5 31.1 23.9 22.0 40.7 209 151 133 21.7 18.9
bycae EC Mm 224+ 209+ 110+ 148+ 169+ 125+ 90+ 70+ 102+ 99+
141 9.0 6.0 83 10.8 7.0 4.3 3.0 6.4 5.8
bycar_SS 88+ 33+ 16+ 47+ 46+ 64+ 13+ 08+ 34+ 3.1+
8.4 4.2 29 7.3 6.7 4.8 1.7 1.2 4.0 4.0
bycar_PM, s_others 135+ 165+ 104+ 33+ 105+ 28+ 47+ 49+ 27+ 38+
13.8 9.7 10.7 3.7 11.2 34 4.2 49 2.8 4.0

TS

O UEEA, 20209 9] ¢ A4t ES] B
Zol= 7ol 7P BaA <l

201493} 20201 HA| 717F F<t of 7] 2 ¥l
eof 4] sistEdE 9 AltAlS 9 9 FAlS
3o YebAet. 201487 20209 FE SHY ¥
o AEEE 27 723+11.4%2} 70.8 £20.8% %
202000 AFEE7E AF HAT 207 ey
AR, AARIEE, 8|1 9] F¢ s
T Z7kl e S587l sl 9 ARHAISTE 27
S7Fet A ER1% & Qlrt. 7 st Adis e
7ol W2 AF AL 7] 018 (RH effect) oFefet 2
o] AtstSirt.

2B ox

(bscut’xi (RH)_bscat)xi (dry))
RHe_ffectzxi (%) = x 100
bscat>xi (RH)

(5)

AV, benx; (RH)= 3124 x7F £ AT
(RH) 27304 9 AFAISE YW, bypx; (dry)
= Az ol A 2 AFRHAIE o]t

DA EES] A AdEE STl ot &5 4
A2 53 9 AA7E 201487 2020 0f] Bt
66.3%<} 65.9% 5713t A& Q1T 4= ek At
B FABHA 2014837 20209 242 66.3%2)
59.8% 712t s 2RIt 4= ik A Y AFEA S
T 57 YAl 3t F-Eofl o3t F&Fol 2014
of B+ 36.6%= AHEE 1AL, 2020
o] 425%=2 AHEE S AiGEE 201400 H] 5]
202090] A= FrAsE AT ol
F8o] o3t 7] x = 2020 0f] S715E AL Sl
4 ok ol=Rt EAL 1

=i
= JaAY
PM, & 5t sFet2d & 55740 sle slete
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(a) PM, 5 mass (2014)

(NO4)2804
PM2.5_others 17.7%

30.5%

NH4ANO3
7 15.0%
Sea salt /
21%
EC
4.9%
om
29.9%

(C) bext (2014) bscat_PM2.5_others

bscat_SS 5.1%
2.2%
babs_EC \

82%

bscat_(NH4)2S04
31.1%

bscat_OM
24.6%

at_NH4NO3
28.7%

b AEIA

(b) PM, ; mass (2020)

PM2.5_others

15 7% (NO4)2504

21.7%

Sea salt
2.2%

oM
25.5% NH4NO3
30.7%
d) b, (2020
( ) ext ) bscatOSS bscat_PM2.5_others
babs_EC - 22%
bscat_(NH4)2S04
bscat_OM 28:4%
15.0%

bscat_NH4NO3
48.4%

Fig. 4. PM, 5 mass budget in Daejeon during (a) 2014 and (b) 2020 and b,,; budget during (c) 2014, and (d) 2020. OM (organic

mass), EC (elemental carbon), SS (sea salt).

Table 3. Summary of light scattering and absorption coefficients by each chemical compounds under ambient and dry con-

ditions during the entire periods in 2014 and 2020.

2014 2020
Parameter Amb.|e.3nt Dr.y. RH effect Amb.le.mt Dr.y. RH effect
condition condition condition condition
Mm™! Mm™ % Mm™' Mm™' %

becar (NH,),50, 63.9+83.4 215+258 66.3 48.7+50.0 16.6+13.7 65.9
byear _NH4NO; 58.9+84.7 19.9+27.6 66.3 786+ 1224 31.6+43.2 59.8
beae _OM 50.4+40.7 50.4+40.7 255+18.9 255+189
baps_EC 16.9+10.8 16.9+10.8 9.9+58 9.9+58
byear _SS 46+6.7 12+15 73.6 3.1+4.0 0.9+1.1 70.4
byeae _PM,5_others 10.5+11.2 105+11.2 3.8+4.0 3.8+4.0
Doyt 231.3+196.8 146.5+100.9 36.6 191.2+169.1 110.0+72.0 42.5
Visibility (km) 225+16.7 26.8+19.1
RH (%) 723+11.4 70.8+20.8

A EgRE, AAdRE, A9 £ 7%t
2014401 34.8%°1A] 20201 99] 54.6%% FA| F713t

Ao mHE Ay 4 9k

ZtAAE] S 20% 717F B3 PM, s A & ek
B49E Wit 5o} 7| =g X 49 9 50 LR
Atk 7EAAZ 8H 20% 717F B9t PM, 59 Sk
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2014\ (64.2 £29.0 pg/m*)°ll HISH 2020\ (44.0+14.5
pg/m?)oll thE Zrastelet. AitES Alelotar BE
T8 k2| kot 2014307 Bsh 202000 7
&% A0 e =Y PM, s B HAE $
5] 43 & AAT AR A UEr S
t}(Liu et al., 2022).

7AAY 5H9] 20% 717 SRt PM, s AT 5 35t
=48 7o =g AT EH PM,;_othersE A|e|5t1,
2014390 57142} (26.2%), AL R 5 (20.7%), ZH4F
R (20.3%), YAEA (4.4%) 02 UERETH
20200 AAIR g (42.5%) 2] 71A=7t 2A &
7} sFAAL, 77197 (22.6%), At E (18.0%), A
A4 (3.7%) <02 YRt 1d Bt 7HA A
519] 20% 717+ H]wSHH, 2014 F 0= 7HA A S}
1 20% 717+ F<oll PM, 5 A T F7194H9] 719

Table 4. Average mass concentrations of PM, 5 chemical
compounds during the worst 20% visibility period in 2014
and 2020.

Compound Unit 2014 2020
PM, 5 64.2+29.0 4404145
(NH,),50, 13.0+6.8 8.0+34
NH,NO; 13.2+6.3 18.9+10.2
oM ugm™ 16.7+7.5 10.1£3.6
EC 28+13 1.6+0.7
SS 1.5+1.2 1.1£0.8
PM,s_others 16.6+16.2 4.7+438

(a) PM, 5 mass (2014)
PM2.5_others (NO4)2804
20.3%

26.0%

Sea salt_
24% \pE—
EC

4.4% 20.7%

OM
26.2%

NH4NO3

7} 29.9%14 262% % A% 7HASHH L, BAN R
B Aatnme Z7F 17.7%914 20.3% 2, 15.0%
oflA 20.7%= 7|7t F7IRE ZE SRIg 4= Qlrh
2020\ &= 7] Aot AR F O] 7| %7t 747}
25.5%°114 22.6% =, 21.7%14 18.0%= 7FA0}T.
Wi ZARERE9] 7] 20.7%CN 4] 42.5% % Tf
7R AE 1T 4 ek

7N ARZE oF3kE 717 Sot 8 sfekEd W A
digol oJet W AEAG 7]o e E motstr] fiof
201493} 20201 ZH2t 7HA1A 2] 5191 20% 717F E<7F
Brs & 50 QoFsto] Yeigith 7 AR of9]
20% A7) A EE 20141897 202099 242} 83.0+
14.5%, 80.7 +14.6% % 2020°] FHE7} oA W
Ak 718 204 sfetEddE B AEAS 7]
q=E 18 6ol eIt 7 A S 20% Al
7)o Bt 7N A== 201493} 20200 22} 6.0+
1.7 km, 7.4+2.3 km=Z 20200 7FA A7} 7|4 H
2 ERIT o Urh ZFA A 2] 6191 20% Al7]¢l 2014
| tfH] 20200 7HA1AZ7F HAE A2 F 40
urepd viel o] 20141 tiH] 20209 PM, 5 5=
7} 3A ARt Ao R ATt Ue A7) Hi7|g
73 221 Hat @ AEASE= 20147 20201
Z}Z} 551.0 £204.7 Mm™, 458.0£198.5 Mm™ 2 AM&

Ak

2014\ 0lli= 7FA|AR]7E ofske A7)0l Hatt e

(b) PM, 5 mass (2020)

PM2.5_others

Seasalt 10-5%
2.6%

EC.. -
3.7%

OM
22.6%

(NO4)2504
18.0%

NH4NO3
42.5%

Fig. 5. PM, 5 mass budget during the worst 20% visibility periods in (a) 2014 and (b) 2020.
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Table 5. Summary of light scattering and absorption coefficients by each chemical compounds under ambient and dry con-
ditions during the worst 20% visibility period in 2014 and 2020.

2014 2020
Parameter Amb'lgnt Dr‘y' RH effect Amb'lgnt Dr.y' RH effect
condition condition condition condition
Mm™! Mm™! % Mm™! Mm™! %
bycqr (NH,),S0, 1783+117.8 53.3+36.5 70.1 98.3+68.5 27.6+16.0 719
bycar _NH;NO; 190.5+103.8 58.3+36.2 69.4 260.3+168.6 91.8+55.7 64.7
byeqr _OM 93.1+51.7 93.1+51.7 47.0+227 47.0+227
baps_EC 27.9+134 27.9+134 16.3+6.6 16.3+6.6
bycar _SS 11.9+£10.3 26+2.1 78.3 7.8+54 20+14 74.9
bseat _PM,s_others 16.6+16.1 16.6+16.1 47448 47+48
byt 551.0+£204.7 284.5+121.2 48.4 458.0£198.5 213.0+81.0 535
Visibility (km) 6.0+1.7 74+23
RH (%) 83.0+14.5 80.7+14.6
(0} Bl bty DCALPM2.5 hers (b) by (2020) bscat SS  pcat_PM2.5_others

/

babs_EC__
5.4%

N -
N

bscat_(NH4)2S04
bscat_OM 34.4%
18.0%

bscat_NH4NO3 .

36.8%

3.8%

bscat_OM
10.8%
bscat_(NH4)2S04

22.6%

bscat_NH4NO3
59.9%

Fig. 6. b,,; budget in Daejeon during the worst 20% visibility periods during (a) 2014 and (b) 2020.

o] 719 =7} 36.8% (190.5+103.8 Mm™) 2 717 =3t
31, BT H A 34.4% (178.3+117.8 Mm™Y), 571 A
18.0% (93.1£51.7 Mm™), YAEA 2.3% (11.9+10.3
Mm™) £0 2 vebdtt 20208 7 A7} el
Al7]of] AT RES] 7] T 59.9% (260.3+168.6
Mm ™= 7P =913, 201407} H| W& H]&o] =
S7totA). th2 o2 SRR 22.6% (98.3+68.5
Mm™), F7192}F 10.8% (47.0 £22.7 Mm ™), Y4EH4
3.8% (16.3+6.6 Mm™') 02 LERGTH AARI &
< A gt o2 sl 20144 tiH] 202010 Y
A0l 2717F T Aaskqlnh SRR Aaket

B350] B9 9 ARG 3718 ohje) oz
27 kst

|

T

Z}Z} 48.4%%} 53.5% = Hof 95t ko] A
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Fig. 7. Relative changes in light scattering and absorption
coefficients of each chemical compounds in Daejeon during
the worst 20% period in 2020 compared to those in 2014.
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