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Abstract A severe haze event occurred in October 2015 in Gwangju, Korea. In this study, the driving chemical species and
the formation mechanisms of PM, ; pollution were investigated to better understand the haze event. Hourly concentrations of
PM,, organic and elemental carbon, water-soluble ions, and elemental constituents were measured at the air quality
intensive monitoring station in Gwangju. The haze event occurred was attributed to a significant contribution (72.3%) of
secondary inorganic species concentration to the PM,;, along with the contribution of organic aerosols that were strongly
attributed to traffic emissions over the study site. MODIS images, weather charts, and air mass backward trajectories
supported the significant impact of long-range transportation (LTP) of aerosol particles from northeastern China on haze
formation over Gwangju in October 2015. The driving factor for the haze formation was stagnant atmospheric flows around
the Korean peninsula, and high relative humidity (RH) promoted the haze formation at the site. Under the high RH conditions,
SO,> and NO,” were mainly produced through the heterogenous aqueous-phase reactions of SO, and NO,, respectively.
Moreover, hourly O, concentration during the study period was highly elevated, with hourly peaks ranging from 79 to 95 ppb,
suggesting that photochemical reaction was a possible formation process of secondary aerosols. Over the PM,; pollution,
behavior and formation of secondary ionic species varied with the difference in the impact of LTP. Prior to October 19 when
the influence of LTP was low, increasing rate in NO,™ was greater than that in NO,, but both SO, and SO,* had similar
increasing rates. While, after October 20 when the impact of haze by LTP was significant, SO,>” and NO,™ concentrations
increased significantly more than their gaseous precursors, but with greater increasing rate of NO,™. These results suggest the
enhanced secondary transformation of SO, and NO, during the haze event. Overall, the result from the study suggests that
control of anthropogenic combustion sources including vehicle emissions is needed to reduce the high levels of nitrogen
oxide and NO,™ and the high PM, ; pollution occurred over fall season in Gwangju.
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568 Fol|, BHSA, Mot 0|2t ASM, A5, 0lYE,

o}, Zoll A ZrAHAR B3 Y PM, = Al
A7l 17k 7o) ot 2 71% ol it 4 7hd
7] et 2 of 2] 7hx| 9] fRRAC} F a5 B

o] E]o|QIT}(Zhang et al., 2015; Heal et al., 2012).
Mg Rt =] thEA] 292 PM, 0] Als ko]
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ool WAYsh= AT AF LdS LAF B
gket. ofo FHRoA= FARA FFo=z ol
pMzsgoj Talsh7] Y5te] 2017 99 26Q0] ©

Al 2] et Al -sto] o]
E]'(http'/ /www.me.go.kr/home/web/policy_data).
o T 2018 3¢ 2094 PM,.0l A 9 4
T SEE 259 50 ug/m’ oAl 158} 35 ug/m’= 7}

Sh= S AA A7 2 Aie”-S 2FHESE 2 2018 3
e Zste dA47|E0 & PM, S BelstT
Ark @ AZolA PM, 0] 5 wAIE siEsH |
aiAe A5 B9 +98e ohefstal Ay IS
& =E5he Ao] Wi Algsieal € 4 Sl 22
oA AF AFET Q= PM,,0 sk 7% 24
AZE o718 7120 2uel] Shekeks =9l 70 g
m’e 2 AR oH qHyEo 2= wlP LE
Fkof gt
47%4 AT Bihs =l QoA BT AR

B o otAst 7AZ itk

7l7ﬂ7411 £, B2 Jis= )l olsh A4tE]

(Ma et al., 2018; Yu et al, 2018a, 2018b; Wang et al.,
2014a, 2014b; Zhang et al., 2014; Sun et al., 2013a;
Park et al., 2013a) A ATt 23} oflo|2E9] A/d}
AT STk (Yu et al., 2018a; Liu et al., 2017;
Guo et al., 2014; Ji et al., 2014; Sun et al., 2014; Zhang
et al., 2014). AAE= AR 9GS do7)= 9H g9l
o7 tE 4 9lom S YR aglow A-gRt
o A7 LA S He T5 2 AUsE %
HT 71 JAS 22 7V x=AE
oA AT (Yu et al., 2017a, 2015; Sun et al.,
2016; Park et al., 2013a). Z=1 H|o] oA et A
T oA 717 Foll Fis e -8 whgof f2t

2791 90%°1l °12F S (Liu et al, 2017; Wang et
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al., 2017; Yang et al., 2015), A 2] 42 7] 24
=49 g4k Wofict= 2m/s olst= FA = AT
(Sun et al., 2016).

22} 771 ool mE} oA 23 F7] ofoj2ES &
Fob= 221 oo 2E0] B2 AREH o= pM,; @
1ot xt= 4 A ek 22y o] E 3t
4 AR50 A T84 A wet gebxl
A& &0, o 5°ll= OH =t #, 0, 9 H,0,9F &
AFeHA| o] g o] EietA| °‘°1‘Jr‘ji Falet vt
S-S 53t 22} 0,79 AA o] F7FeH(Yu et al.,

2018a; Saxena et al., 2017; Park et al., 2006a). I ]|
A&l t7] At =2 ddiset 2 7 =
A50] 12 LAE (eg, B4 )9 t7] £33

SO,, NO, ¥ NH, 9] v 4teht& F1t 27 o]
2 42EY e S5t A AF BN F
Q3 JFE A= Aoz dHA Uth(Ma et al.,
2018; Zhang et al., 2018; Yu et al., 2018a, 2017; Liu et
al., 2017; Wang et al, 2016; Guo et al., 2014; Park et
al., 2013a, 2013b; Zhao et al., 2013). TetA] Adof| mt
2t A5 2F& oF7|st= PM, 9] Fa37t &5h A
250 YA EE AEEE PM,, A5 Ateo] o
ot @ RIS TSt o] 52 AEg T tf S

Hote Zlo] Fast

Ul QoA 3t 7 AT Aah= A AF
78 Al sO,79F NO, 9] A4do] F4sHA 71t

ohal ST (Yu et al., 2018a, 2017a; Tian et al., 2016;
Guo et al., 2014; Park et al., 2013a, 2013b; Sun et al.,
2013b). ¥ AlZte]l o]Fo1Z]= NO, 9] Ao gt
T8 71252 OH gt Z}9] 4te} ¥h-g-o]m HNO, &
@ol A5t fleiME dEet &2l OH HZd=
TR gtk O 2ok, A5 T Al ofo]
2F YAe] 2% G3}H(dimming effect) ol OH
o] k= BA fAETh AlTL S o)A
ofl A agRt FT AFolM = dHlsErt w2 24
off Al WA A7 @ Al Bt N,0,9] 7Hp2dl
H-g-o] NO,” /9] Fatt H =22t 6Flth (Wang
et al., 2017; Pathak et al., 2011, 2009). t7] & SO, 9]
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e IRt o7 50,9 OH 2|z ato] #3}sl 4t
oY B

S0,9] 480 Aro] Bl AtshitAe

E3] o]Fo]ZIt}(Seinfled and Pandis, 2006). “L2L:

ol =2 ddisE 2014 50,7k s0,7 = %

=t NO7t 583t 9T $ttal St (Ma et
al., 2018; Cheng et al., 2016; Xie et al., 2015).

ol A At viet o] dpr o] WAE s A
ol tieh A= F2 450 ALl AFSHA 2,
T =l A= 10~11E8 Aol 9] 7Rl 5 <
5 dAto] erAIstAl Qltk(Park and Yu, 2018; Yu et al.,
2017a; Bae et al., 2014). U o]l A 7}&of ¥HAY5H= o
2 0@E Belsh] ML 712 pu, 8] T
AEE oplshe T8 Bl ABES 24 o]

So) 44 e molsie Aol Fasith ueta
2 Ao A= 2015 109101] gt o] PAH
a719ke = Qlsto] FF 2ol A ARt PM, 9] 12
= ARIE AS 24 5} Act. AtellA PM,, 9] AL

S ARIE oISk T8 WY BUES Ak
ol 44 WS FHHE WAL o BF A
oA 7kl WAIsH: AR ool dhat olshE &
o3 A2 pe] AL Ao Wag A42E A
2% % 9 Aoltk
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Fig. 1. Road map around an air pollution intensive monitoring station at Gwangju.
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HES AL MO, A 0|2} UK, AlSIH, oAt
1~5% Atd%tol A
2015). IatA = S
220~270°)°f| A Eo]-2 uff A

252 stal Atk (Gwangju,
Ao bhEro] WAz (e

=

AeEA] oA TR EH71

o 1

LABAES JFS TS 5 Utk At B
E5Z& W) o] F AR H3} i =1t o] 9
25t Qom Ao 2 HAE w7 E 59 A7
50| o]Fo|Z 1L JTH(Yu et al., 2014; Jung and

Kim, 2011). ' 7] L A FZ7 2ol gt 4
21 W82 =3t akstlof| A RSt 20159 o
719 9W%EAL AT SGATFEIA (NIER,
2016)°] A= o] Qi
S W egdEsSA
AHBE o] 1A7F

Aol PM, 9} 5t
Bt st HEA A (BAM
1020, MetOne Instrument Inc., USA), &4 A&
(4F-semi-continuos carbon filed analyzer, Sunset Lab-
oratory Inc., USA), ©]2 -2 (Aerosol Ton Monitor
(AIM), URG-9000D, URG corporation, USA) ¥ =2
“J*E (on-line metals monitor, Xact-series 600, Cooper
o]_Q_s].oq =
QoA & AT Ba 4R 2H 71L NIOSH
method 5040°] &-F FERS =

7124 (organic carbon, OC)2} %i‘f/}i (elemen-
tal carbon, EC)E 1A|7F ©92 SA3Ich AIM o]
B ZA7|L gx9] Q.ﬁ]— 5“—(Na+, NH,, K, Ca**,

Environmental Services, USA) 47| &

O*E} PM25 5k, % e, o2 *é—li— 2 T_:Lé? i
a0

7lt—4 OE%L l‘:—‘:ﬂ-(Park et al., 2014, 2013a, 2013b)
=7 ash B 1A (NIER, 2016)0] A& Elo] gl
ot o]l oAl zteFs] Ao, Park et al.
(2013a)0] FLR =7 Ao F3g AolA &
ZFHI BAM1020 HIEFA 0] A HS o]-§3f fofxl
PM, 0] A&Er= wi DASHATE PM, 5 pay (ug/
m®)=1.02 X PM, ; zapy (ug/m’) +1.50, R®*=0.97. Tt
MES] o] ] AR HEPA HEE Ut &

2y

4

S

PM,,9] FXE 2~3 pg/m’ °J5t2 ZALE Q]
4 AR 54719 %, HEPA LHE o84
ARt OC8t ECY] 5= (systematic blank)= 2tz
4840.10, 0.00+0.01 pgC/m*0] 3.0 AA| I A
Ab A] o] ZHE-S HASIYTE TSt sucrose BEEE
(2.105~8.420 ugC/uL) & ©]-4<t 7|7]129] Ww4Ax
eha R Aol whdstaieh. AIM 3715 5l
43 559 Fol2 (Na*+NH,"+K*+2Mg?*
+2Ca*) 1} 35:9] Zo]&(Cl"+NO, +2580,1)9] ¥
T 5T Aol 9] =2 Al thZat o] A QI

3

BefL e

el

=

AN nj

T =012 FFEE (teq/m’) =1.006 X & FOl=

I (neq/m’) — 0.04, R*=0.99. 0|9} 7 o] & o}
& Ao oot A7z St S’ PM, = T
“d (neutral) & W& Aoz SRIFGITh 22491 55
47 HUH (Xact 600)5 &l ST daAE &
ol A ARERE As, Se H Pb Ao 1A17F 79
H2HETAE 27 0.03, 0.03, 0.05 ng/m*©] At}

(Park et al., 2013a).

YAl =Rl BE Ame EEE 7A 7]
+==4(CO, SO, NO, ¥ 0,)9] 5=} 7|4 A= (F
5 78 W AYSE)E 27 B4 BABAAT
do] ART EAYIIEAT (@ Lt 94
FFAL7VE NN S8t A=

Bor

3.1 PM,;9 X2 stats MESo| BF 55

I 2% 20151 10Y 164914 2447HA] 4G
PM,;, SO, NO; , NH,*, OC, EC, SO,, NO,, O,,
SOR, NOR, &%, t7|13 A%
layer, PBL) 9], 7|2 4 A5 = (relative humidity,
RH)®] A|7HE HSE HojZt} SOR (sulfur oxida-
tion ratio)Z} NOR (nitrogen oxidation ratio)< 7|
73] 80,91 NO, =¥ 42| s0,79F NO, & 4t
S Hleg Uedth 54 713t F 35 99

(planetary boundary

S 7|2tEstE|X| M 34 H A 4 =
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Fig. 2. Temporal variations of PM,,, SO,*", NO,~, NH,*, OC, EC, SO,, NO,, O,, SOR, NOR, wind speed, PBL height, temperature,
and RH during the study period.

PBL 0] NOAA ARL®] GDAS1 22 (Global Data ~ READYamet.php)-2 ©]-85}0] A4t om AlAt H
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1o

= AARE PM, O] s ket sfety AR E
Ao o3t AfEr o] A4S Frish]
Stof 2FebA LA EES o835l PM,, & o
= 2o ALFSHATH(Malm et al., 1996); PM, ; (ug/
m’)=EC+OM +NO, +S0,” +NH," + X -4
+ 7Efv]EE 4. /7] 5 (organic mass, OM)9] &
L= 0Col 1.65 -85t (Turpin and Lim, 2001).
A7t hAa0] 71 e T Aol o5 Al4tskalth
K+1.63Ca+1.94Ti+Mn +2.42Fe. PM,, 552 =
A2|et AL Afo] ] AFBTA (PM, ;5 4 (pg/m®) =
1.04 X PM, ; =y — 1.52, R*=0.93)2 1 &5IH =4 7]
T F = ANREe R SR o] JREN ©A A
259 24 Ate vl AR Ao ol itk
2 29 PM,.9] Bk Fo]& EH PM,, 5= 10
4 20¥ 11:008 8 F7lst7] Al2bste] 109 21
15:007F2] 60~90 pg/m* Atolol|l A F7tet A5 BE
Eslthrt 21:000 I FE (131 pg/m*)E HEFAS
o} 71 & A A5] Fasiezt 1049 229 17:005-F o
Al F7FHHA 23:0000 129 pg/m’e]| o€ F A4S}
= & Fol& YEH SO, NO, , NH,*, OC
9 ECO Hd SE+= ZHZF 19.5(4.6~45.6), 17.0
(1.9~39.7), 12.7 (3.7~26.8), 8.3 (2.0~17.8), 1.9 (0.8~
4.6) pg/m’0| 31t} o] 52 B L= PM,. 9
28.2 (8.9~53.2), 25.3 (6.9~55.3), 18.9 (9.1~26.6), 20.6
(OM 7]&: 9.8~40.5), 3.1 (1.3~6.7) %= Z}FA|5FI.C
], 22} o] 2 AR5 F FE= PM,.9] 72.3%E 2t

A SFAH.

st

1 1o

o3

M

3.2 7|

=, PM2t =2 3std MES2|
3t

1% 32 PM,,, OC, EC, SO,>, SO,, NO, , NO,,
SOR, NOR, CO, O;, RH, 7], % 2 PBL %°]9] 4]
7H8 3} (diurnal variation) S H ot} PM, . 9] Al
7 B BT 53~79 ug/m’olglom oy A7k
(06:00~09:00) 2% A]7F(13:00~16:00)°] Il df
(19:00~03:00)° =2 = 55 H3th PM, ;9]
A7 sk ¥sh= OC, EC, SO, NO,” Y NH,* 9] &

714
SEE

Y

T Folet ml-% FARSHATE £ 71 F
£ 0.7(0.0~25) m/sZ T|-¢ Htom A 1 F
1.2~2.5m/s®| It} PBL =°]& 50~1200 m®] %L
F5ol vleElstA Wkl om oyt Y Azt
fg- 21l 0% Aftof|l= W7 SFo| st
7ot A HoFQiot RHE} 7|29 B2
Z} 76 (32~99)%, 16 (8~26)°C°]1 25 RHE ¢
QUTF. F71(09:00~20:00) 9] ¥4, 712 B RH= ZF
1.0 (0.0~2.5) m/s, 20 (11~26)°C, 62 (32~98)% 31 2.
©F{}(21:00~08:00)°fl+= 0.3 (0.0~1.2) m/s, 12
(8~19)°C, 89 (63~99)%°] 3Tt

TR} ofhof] Y- F45, W2 PBL &0, =2 RH
i

L

N
Bl ofl
& orlo b

Iz
K
=
==
o
s

g

g

=N N

T Z7He] g Ao g -85S Zlo|th (Ma et
al., 2018; Yu et al., 2018a; Zhang et al., 2018; Liu et al.,
2017; Yang et al., 2015). 12} =340}k B W &) of7He]
FE5T} 7]20] WAl RH7F BRI #3300l 27 o] &
ARE (S0, NO,” E NH,H Q| F ot & #}o]
+ 3A TSR] Sl olf= olE RSl =
A2 g Eat ofet R 2 R E HAY 52 F
qF o] F7tste] vehd Ayt FA . ol
ek ARt A2 3383 3584 thE Atk
7F 2% AIZH(13:00~18:00)° ¥5H 0,9 &2 5%
(67~80ppb)= SO,2] F&}s}t vk 2§t so,. 9 A
31 PM, ;0] 5 F7toll 713lS Ao 4T
(Yu et al., 2018a; Park et al., 2006a). 109 179~23<
7HA] @F Azl WEH 0,9 AF Hit 1 Tk
= 79(10€ 23%)~95(102 20%) ppbell o125t}
ZF719] $0,, NO,, SO, NO,” & NH,*o] B+ =
T 717} 6.7 (2.6~13.2), 27.9 (7.5~103.1), 20.1
(4.6~45.6), 15.0 (1.9~33.6), 12.2(3.7~26.8) ug/m*°1 %L
on, ofzhe] o] F9] W Fki= 3.9(2.7~10.7), 34.5
(11.8~81.9), 18.9 (4.7~41.4), 18.5(3.7~39.7), 13.1
(4.3~26.8) ug/m*°] itt. 712] 1 SORT} NORS F7F
T} of7te] ZF2: 0.64 (0.28~0.87)2} 0.29 (0.08~0.52),
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