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Abstract

Measurements of 24-hr size-segregated ambient particles were made at an urban site of Gwangju under high
pressure conditions occurred in the Korean Peninsula late in March 2018. The aim of this study was to understand the
effect of air stagnation on mass size distributions and formation pathways of water-soluble organic and inorganic
components. During the study period, the NO,~, SO,*", NH,*, water-soluble organic carbon (WSOC), and humic-like
substances (HULIS) exhibited mostly bi-modal size distributions peaking at 1.0 and 6.2 um, with predominant droplet
modes. In particular, outstanding droplet mode size distributions were observed on March 25 when a severe haze
occurred due to stable air conditions and long range transport of aerosol particles from northeastern regions of China.
Air stagnation conditions and high relative humidity during the study period resulted in accumulation of primary
aerosol particles from local emission sources and enhanced formation of secondary ionic and organic aerosols through
aqueous-phase oxidations of SO,, NO,, NH;, and volatile organic compounds, leading to their dominant droplet mode
size distributions at particle size of 1.0 um. From the size distribution of K* in accumulation mode, it can be inferred
that in addition to the secondary organic aerosol formations, accumulation mode WSOC and HULIS could be partly
attributed to biomass burning emissions.

Key words : Stable air conditions, Secondary aerosol components, Size distribution, Droplet mode, Long-range
transport
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7tA EBE FEA §-7]38H8HE (volatile organic com-
pounds, VOC), g4t 4571, Yo} 7k 59 #d
9 E4d ST (nucleation processes) I o]of <]
3t A3 IS &3] YA ETH(Seinfeld and Pandis,
2006; Venkataraman et al., 1994). o] ZA35}=
YRS LFe AL T2 LYY EREH TPk
(o, IEHER, 228 F)oA FSHA, o] 59
Tt LYo rRH HoldeE A5 At
t}(Zhu et al., 2002). EH Lo EAl= YFEES
PAEL da LEYEERE HEHe 1A YAE
I SEht-3at Z1Alo A JRZ Y] HE T o)
A4E 22k 4AHSO,7, NOy, NH,', 24 f719#4h=
o|FoA Qlrh. FAREE Y B} Zolof wpet
SARCEQ AR g LB 84 B E (condensa-
tion mode)= E% 02~03ume] JANA 935 B
olm 71A AFE4 (VOC, SO, NO, 5)% OH-
Ze st ete] #A7) o o] SAREES F
3} A= T} (Ondov and Wexler, 1998). T3+ L =0
At QASe] Bl B 1 coagulation)S
S = A HE (Willeke and Baron, 1993). Z181;
N A= (droplet mode)= HE ¢F 0.7 ume] Yx}=7]
o WAL Holn %2 BFY +gUAe WS
Sl AAES (Yu er al., 2017a; Huang et al., 2006;
Seinfeld and Pandis, 2006; Meng and Seinfeld, 1994).
FAHoRE, A BTRASY 489 A3,
SE7h B 2N T|EYR ] ERSE, 75
o sy 5o @ Ash BHe F AREA
4 $EREN EAshs YA el Faol o
A ol o3 RER ZoRES BEshe
S BE J1AA A BEel o8 A4
SUA, A AR}, E7HE, Brolo] i R} Fof of7]
of sigzgtct.

TAl AFeoA WiHsHA Uehte d7l e dE2A=
e vAl/ZzEAHA @4l o of7lE e A=
XE 2Askch(Yu er al., 2018a, 2017a; Zheng et al.,
2015; Park et al., 2013a, b). IF LA FX|Z <l of
Nedgae) EFE ohjzt AR FAEAT
2dZAEY BA ol X Fad ARe Wt
(Yu et al., 2018a; Ma et al., 2017; Zheng et al., 2015;
Park et al., 2013a; Jung et al., 2010). 2+A5F 7|2 A

2 YBATY BAL Yol LGB FH%

Ao 22 BAL ZRAAZITH(Ma et al., 2017; Zheng
et al., 2015; Park et al., 2013a). &} AF A A
dR2s)o] me shaty E4T odY R A4 T
of gt olsl= A3 FE3H Aefolth(Yu er al.,
2017a, 2016; Park and Son, 2016; Xu et al., 2015; Park
and Shin, 2013). webx 31719 249 tf7] A 4=
oA 7] olojz2E YAt Fa +84H HJEEY &
FA7IRE, oY @ A S AR A7
Zastth Yu et al. (2016) F3= A HoflA] 2015 10
ol tf7] o2 E AR AFYHEEZY T84 &
7] W o]2AHREY Y JAHS 2AFSIAT. 0|59
Aol H-AF 9 AR 717 F SO, NOy, 8
A 714 (water-soluble organic carbon, WSOC) @
HULIS (humic-like substances) == 032,10 2 5.2
pmo| A I F5 Hol|E tri-modal A7|EEE HAF
o1}, 0|59 74 wEY 27t ik 0|59 W
A718RE ul-AF FiRklE 032 pmel A F2 32
HEE HoE ¥, AF 7]2F Folls 1.0 umojlA
FQ HAHRE7E A

SPEL 20189 39 24URE FTORRE §9)
H 7 FEA ST et el AR 7]
ol o3t 7] A= ste] I wlAl/ZR| A A
o] BF= @ifo] WS ti7] BA 24L& F=
C2RH fdE drledEdy} s drledE
Ao A3 22 S op7Iste] U WA/ zw|A|
A8 T F7HE 7HAgE Aotk & AF9 &4 A
A 7k FFE9A B FHRAAS g7
SAolA 39 249,259 B 26U0] #5E PM, 9
N7 B Has=E ZH2)F 168, 158, 153 pg/m*o]
o, PM, 9] HE+= 114, 115, 105 pg/m*o]Qich 2 o
TFolAE t7] AA Aoz AF7E EAR 39 259
FE 349 299717 24Xt 7|2 7] ofloj2E ¢
A5 A7|EE YF et 9AE NEE 84 F
71gaet o2 AEE AFEehs H AHgsglen,
7] oolzE dAet #84 71 % ol 4S9
Az et B BS AR
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S /A% 35 AE SAFolAl 20184 39 25U
§ 209714 597 s ARAANEE B
274 E20A oF 200m BojA QYo ofWT AY
o & - HIZAZ EFo] Wi Skt FEe 2
Qlth(Yu et al., 2018b). T3 EFZ Wgko g oF 700
mo] BYREES S| 51T ek A7 A
Z YHE 30L/min9 §Fo2 HAAH 1099
MOUDI (Micro-Orifice Uniform Deposition Impactor,
MSP 110)E o|-&3}o] wjd 27 9A]of AJ&}ate] oF
24417k B2t o] 2017tk MOUDI 2 &e] £ 917
2 0.055,0.095,0.17,0.32,0.55, 1.0, 1.8,3.1,6.2,9.9
9 18umE Hojglon], AR Ho| ALH ojx|L 47
mm 27 ¢ dZu]E U (MSP corp)o]H, upx|g}t ok
o= 47mme HEZE ZE (2.0 um pore size, Zefluor
filter) & A3}t

2.2 ti7] d0i2E2| Y s &
288 48 =¥

10+¢] MOUDIE &3 A3 7] ooj=2£9] ¢
A8 AREEE A2AN A - T A20E Y5 o)
Z2 g9 BAE vlo]a =W A (Satorius CP2P-F)
= Qs ¥ 2R

Aol E AAHE(0.055,0.095, 0.17, 0.32, 0.55,
1.0,1.8,3.1,6.2,9.9 ¥ 18 um) A|Z2E2 WSOC ¥
84 o 4R BHE 93] 60mL o] Yo W 3
22:22(182 MQ) 36mLE H Al & A2o]A F 60
b 287 22 ST 2294 045um] A
ZE2 o33t & WSOCE TOC (total organic
carbon, Sievers 5310C, USA) £47]¢f 93] A3}
ok 44 WSOCY HFses ¢FuE Y A=
BN oF 10%)0] e hFSEE YT F 2
Hhsieh. WSoCe) 54 2] W Haslel ot 74
Aol v g-& 7 Aol & AWEo] Yck(Yu eral.
2017a,b; Son et al., 2015).

WSOCE A3} & & FE5H2 WS0C| &4
A E-& (hydrophobic fraction)®] a|F3sF= HULUS2}
8%9] o] 24 B (Na*, NH,*, K*, Ca’*, Mg?*, CI", NO,",
SO0,.1)& EAsgch HULISS £4-2 HLB (Hydro-
philic-Lipophilic-Balanced) ZA|4 FE&H-E o]-835t4
o0 Son er al. (2015)°] 93] AMSH HHE EUE

St 244 22U LR HULIS 232 9

riir{ll%i'
= ot}
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3] HLB 4=*] (Oasis HLB, 30 um, 60 mg/7}E&] %],
Waters, USA)7} AF&E9l o HULIS £ 2 A%s}
£ HLB 44 A2, 329 59 9 5% 34 <o
2 A#stgleh HLB A& ©]-8-3 HULISY| &3], &
2 B7F 9 Qgste] it FAA WeS 7
AATol| & 7= o] 3lth(Son et al., 2015).

859] o]& HEE o £AZ0E T (IC, Met-
rohm 930 Compact IC Flex, Switzerland)& ©]835}¢]
AFEstet. o2 7ol dsiAE A= B s=
o u3e Folol AR HEEES HSA. ol
2 A& B4 izt AR Y& 71E AFAT
ZF YEY Qlth(Park er al., 2015; Son et al., 2015).
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3.8y ¥ nH

3.1 PM,, ¥ PM,2| 7{S EA

a9 12 20189 39 24%A 39 309 ARe]€]
PM,,#} PM, ;9] 5% 9 PM,/PM,9] AI7HE AF 3
olE vehdth E3F I 19 7|2, sk, 45,71
<t 2 o}7] A AlS (planetary boundary layer, PBL) °]
of e A4 WeE] Azt WshE Uehyglch 19
2 2% 717t % 0,,NO,,CO % 50,] =g Hoj
Ztt. AIZHE PM,,, PM, 5, 05, NO,, CO ¥ SO,9] =74
AR 24 AHORRY o 15km Holdl BFH
Al ST FUHEAX L d7] 2 A5l ket 2
2ol 283 7|ARRE 7]AHY (http://www.kma.
gokn® AGd ZA| BE AmoA FFAL7EA
o] &4 A=E AH&SITh 29 1 (Do YeERd PBL
Eole t7] F 3 5= #5Y AZtE FolE #4
l=g| 23 HE-Z A, NOAA ARLS] GDAS1 =g
(Global Data Assimilation System) (http:www.ready.
noaa.gov/READYamet.php)S ©]&3te] AL 7|17t F
B3 A9 9] PBL #£0| & 3At Ao = AA 3

I8 1@l & 4 0] 3¢ 249,259,269 4
270 #53 PM 8] 2447 B+t == 242 103,
119, 98, 82 ug/m*o|glem, PM,.2 == Z}Z} 69,
83, 62, 44 ug/m*’Z PM,, =9 67, 69, 61, 52%= =}
Aetgdch. 24 712 F 259,269 @ 279 A4
¥ A]7F(21:00~09:00)9] 7122 717} 7.0~12.0°C,
7.8~12.9°C, 8.1~14.3°Co|Qlon] AEELE 83~
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Fig. 2. Temporal profiles of hourly O,, NO,, CO, and SO, concentrations.
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March_28 : March 29

Fig. 4. MODIS images and transport pathways of air masses. Red, blue and green lines on back trajectories indicate
heights of 500, 1000, and 1500 m AGL.
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3.3 f7| 0|2 E2| YHAEZE Y ¥ 1td

MOUDI &% A#Z2E PM, oA PM, 0] 2|8}
L H]£2 NH,", NO;", SO, WSOC ¥ HULIS-C:
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BAES AT 8 $84 AESY L7REE 10
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