ISSN 1738-8716(Print)

ISSN 2287-8130(Online)

Particle and Aerosol Research

Part. Aerosol Res. Vol. 17, No. 3: September 2021 pp. 43-54
http://dx.doi.org/10.11629/jpaar.2021.17.3.043

H2H ZAXE 7| #84d HoZE YRS 37| =2
FQ Xt

:|

Hlllll

0.*.'.
Ol
o

PAA
mk=ka

Agdista 37 o #] & 8t 3}
(Fa 2021F 8€ 3, 54 2021 8€ 30, A 2021 9¥ 1Y)

Major factors determining the size distributions of atmospheric
water-soluble aerosol particles at an urban site during winter
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Abstract

Size distributions of atmospheric particulate matter (PM) and its water-soluble organic and inorganic components
were measured between January and February 2021 at an urban site in Gwangju in order to identify the major factors
that determine their size distributions. Their size distributions during the study period were mainly divided into two
groups.

In the first group, PM, NOs, SO,”, NH;" and water-soluble organic carbon (WSOC) exhibited bi-modal size
distributions with a domlnant condensation mode at a particle size of 0.32 g m. This group was dominated by local
production of secondary water-soluble components under atmospheric stagnation and low relative humidity (RH)
conditions, rather than long-range transportation of aerosol particles from China. On the other hand, in the second
group, they showed tri-modal size distributions with a very pronounced droplet mode at a diameter of 1.0 xm. These
size distributions were attributable to the local generation and accumulation of secondary aerosol particles under
atmospheric conditions such as atmospheric stagnation and high RH, and an increase in the 1nﬂux of atmospheric
aerosol particles by long-distance transportation abroad. Contributions of droplet mode NOs’, SO,*, NH," and WSOC
to fine particles in the second group were significantly higher than those in the first group period. However, their
condensation mode contributions were about two-fold higher in the first group than in the second group. The
significant difference in the size distribution of the accumulation mode of the WSOC and secondary ionic components
between the two groups was due to the influx of aerosol particles with a long residence time by long-distance
transport from China and local weather conditions (e.g., RH).

Keywords: particle size distribution, water-soluble components, condensation and droplet modes, local weather
conditions, and long-range transportation

*Corresponding author.
Tel : +82-62-530-1863
E-mail : park8162@chonnam.ac.kr



7] = 4= %?‘:l(partlculate matter, PM)> &
HAoR AAdA A= , =7, WA,
e D IR R 2?3%(‘4]5 501 X}EXP %
%, shoerFH I,
A5 2 E(S0, NO,, NH;, VOCs)©] 5}61 HhE-
F3l AP th(Hinds, 1999). FE2 A @ =4
Aol 7] F PMS A% FFAE(EE 2
g3 4%, APGE)H i EA o
ut&] X th(Dockery, 2001; Dominici et al, 2006;
Brook et al, 2010; Stafoggia et al, 2013;
Raaschou-Nielsen et al., 2016). @A UAF =49
ol et A4 Frol=eklS PM o PM,soll
ixﬁo] Eﬂ—ﬂx% O1Z]l:1]—(\h/[_[()7 2006), 1:1 7(]—0 .1_7]
qeta] AAE e YAEe] AAel o XA
= UehE SAE5Cl AHKHoE Frksta o
(Oberdérster et al., 2005; Ostro et al., 2015). PM2]
S, Y B4 9 A9 a7 wRe Aol
2Abe Aol olatd, t7) Fol EAlehe ks
e g 557 ABowe A% A% 2 AAs)
#A . & th(Lippmann et al, 1980). 181
H 7IsRe] Add JFE FE YA 7|9 B
}D}(Donaldson et al., 2002).

Sof| A ”WHB}HI AFE e} o],
10 meLE‘r T YAES g 3 S 91311
T g < ol A ’Sz}ﬂt’ﬂ AR e
Foe =EsA &vth(Lippmann et al, 1980;
Heyder et al.,, 1986; Donaldson et al., 2002). Htw of|
1~10 pm A7) HLlell Hate dAES I F=
2 FY UIEst AT 71EHA V) EdA FFEA
W, skt Z1EAS HE g9 A
(sedimentation)el] &} 3l o] ot JA} A7
7V F7bekel wet FEel g9 IR SUkske
wbd) HAL oF 3 ym AV]olA o &¥Fo|th
0.1~1 pm Afol9] JAe) A=, HE HolA F
2 F9 9 ke o8 HAHH, gifE

= A

o2
2
1o
I
o

Particle and Aerosol Research #] 17 @ #| 3 &

2 A A7 el we Frkeke olE
A= A ARY A A wiEel g3 Al
AE 7] ¥ H(Lippmann et al., 1980). WA EA]
Ao Ol & QA B9 A7) el da 3
R QIZEE] A% SWeA 2% A2 Ve
o,

AAF A7lel wet djy] o 2E YAk geA
2439 5= ZEtk(Seinfeld and Pandis, 2006);
® 2.5~10 umell 33z =t Y A (coarse mode)©ll
T Al Si, Ca, Fe 53 &2 = 7149 4E&=3
A2 AAENaCl =& CaCO; + HNO; — NaNO;
L Ca(NOy))ol F2 BX&th @ 0.1-2.5 um AF
0]9] %A X = (accumulation mode) Aol A= SOs,
NO;, NH;, 18|31 VOCsst 22 ATEAE] %
g3t 714 dbgolv o WS FaE AW
SO, NOy, NHy, 22t f71¥t4 oA So] F=
XS o] 9} o] *ﬂ”g dAE9 A7 w4
e e v 7 Rhge] wel 2" © <0.1
el G - U] *ﬂ‘?JX]-(ultraf' ine mode)°l A&
AR dF U A4 HAHE T WEHE
A ARt FAakAs e U R E

(nucleation) #74, €4 2 3 AFE &
== %‘f*&"éol‘)r 22 F71ekA AR
xgnh oleh e A YEeo A7
A4 o WME A, V1Y 21, L9 E
o AAY /Y oAF Tl uwet Ads] Gl
thPark and Yu, 2018; Park, 2019; Son and Park,
2019). “IE E°l, 7Hd FF =AM =A4
4 SRR ANAY A, F84 24 g0,
SO 4 NH,H) 2 #7] YAELS 0.32 imet 1.0 ym
oMzt SHARESE AHREZS Holx o|ihy
A7) wEXF EQlth W] XA gy o
dAR FEol st o
olE9 V| ¥EE SHAREE UrE‘rUer k3l 1.0
ol A vl FEER AHREE 1o thSon
and Park, 2019). =9 vjAlWA e Fdzt 7] A
A z2eA FHE ] o= E YA 23 o]

-

oo
1

& AEES L0 meld AR R A
g 7] REE BTk WHel, Fare] §U3 o
7l AL BgH o et Aol tyl Aoz

A pmell Al Z iR

3 =7F FEgR AR
A7) BEE WolFolthPark, 2019). wEbA tf7)



ALd AN O7] 78743 coE2E 4R 7] BxE AYste T8 AR 45
ool 2F dAE TAste FEhd AERES AN 22 ¢4 4H 84 0|2 ¥ ]| E©A 2N
P& olFata ol54 Az Wels: =& 9 ARG 7] odz2E 4 44 2 A% =
A= d7lxzd Hfste] g 7] doj2E At = ulo] A 2§ A (Satorius CP2P-F)E ©] &3] #
B ]

o 77 B

weha] 2 =R E FFFA Al 2021d 1

AR

2, Alguly

2.1 7| o2& Xt UH E A= &F

g7] edlol2F ko] 944 E Am AFHe
FFGA el AT Addgu] g AE 3%
el 2021 1€ 5Ll 29 1197bA] 244]

Fox F 193] o]FoiFrh Am AMH AH
AL 23 E&eA oF 150 m HojA glow
A AR gt AAeE 2P BAL AT =
Eof 7 = o) thPark and Yu, 2018; Son and
Park, 2019). tf7] olo]ZF Ao 473 & AR
AHAE 30 Lmin® fFEFELE AAE 109
MOUDI (Micro-Orifice Uniform Deposition Impactor,
MSP110, USA)E o]g3lo] o]Fojgon
09:000 Al #}ske] oF 24A1F FbF X EEkdTh 30
Lmin® A& AFH FF v A5 AFH A A
2 527l (model 4199, TSI Inc., MN, USA)E o] &
3 MOUDI E={iFelA HAHE T3l w5ttt
MOUDIE= 0.055, 0.095, 0.17, 0.32, 0.55, 1.0, 1.8,
3.1, 62,99 % 18 m? #2 YAS 7t AR
ANF el AFgE oA = 0.055 um ]3] Tl
A &2 47 mm A9 dFrlE TUS AL
23 31, wlA gk Th(back-up stage, <0.055 um)oll&
47 mm A7 EHEZE %X (2.0 un pore size,
Teflo filter)E AF&-3FA T

oo i o o

X

s 7t o dFuFE TdI HEE oA 9
AE AFH A5 FA 29k ¥ AF HuE
ol &3 A3ttt

7] ee2E xte 97A H FEA o 2

7] AEES] #4E SlE) =
40 mLe ¥lolde] WL F 20 mLY =
QJato] Ao 60R FF xgHE F
FENLE 025 o] AJAA] FER o &
232 vE 183 (Metrohm 930 Compact IC Flex,

Switzerland)& ©]83to 8F 2 o] AHEENa,

2N e o

NH,", K%, Ca**, Mg®, CI, NO5y, SO/)& #4131
o 283 o] AwE wA% 9 FEIAL

TOC (Total Organic Carbon, Sievers 5310C, USA)
4715 olg3 FE&A 7' A (water-soluble
organic carbon, WSOC)E A 3lqitt. mix o=z
47 ¥ ol Au¥ wsoce HFTEEE T F
AR TR MAEEE Byt A4St
Aok FAIES Fagkel 3wie AFHAE U T
o= AA¥ Na', NH,', K', Ca®*, Mg”, CI', NO5
20 S0~ AR HE3A|(method detection limit,
MDL)= Z}Z} 0.203, 0.110, 0.089, 0.140, 0.045,
0.035, 0.052, 0.010 pg/mLe] At} 18] o]&=9 3
U Zh7E 16, 43, 54, 09,14, 4.7, 5.8, 5.5%°]
itk 3 WsoCce MDL¥ AYEE 0.080 pg/mL
9} 5.0%%A T

3. & ¥ nF
3.1 7| olo{=2E ixte| HRAFI|EE
=Tl E & 194 E2 MOUDI A& T H7]

ofol2F ke A7) Bx7) g o F 1

ol disiA g2 A HA 1501 D 1€ 5

A, 114, 129 2 29 5dof] ST 4N EL i)

ool 2% A A7) +xEolH, F WA IH(V]

ZFHIDS 1€ 304, 2€ 14, 6¥, 79 2 114l &

st F SAES 7] do2F Ak A7) #x

oty =itelA AFHA > WA 104 Ee]A

Part. Aerosol Res. Vol. 17, No. 3(2021)



46 BrF2

2t 7] elol2® QA 2] REe oy
AR 18] 27) RIS MEAAOL, FE FE
srobd AGgTh 19 18 % 1% J13el S3%

Q712 PM), T84 23 o] AEENO5, SO
9 NH,) @ wsoce HAZFA7|ExE yERdth
a8a a8 2e F 89 Crn, K a3 Mg
o 7] B¥xE yehich
71zF 1ol Sigehe 1€ 54, 1Y, 129 W 2¢
590 Z4€ pMH 2i} o] AEE% wsoC ¢
A= 032 mell A e SARETE ul- AE o)At
¥ A7) B3 (bi-modal size distribution) 54&
o]F3ith. PM, NOs, SO, NH,” 2 wsoCe 7
wAE ] F o 2wl AT AA e vlE
(PM, s/PMyo)> 27} 69-86%, 89-98%, 90-97%,
97-99%, 90-93%°191tk. ¥l ZulAWA F &
BE QA7F 2A S HlE(PMyso/PMg) > 242t
32-36%, 33-40%, 33-45%, 34-43%, 28-39%°]%lt}.
a3EY 12 59, 1Y, 129 9 295Ul ZmA
WA F AR} 2A Sz ¥ E(PMyss.1.0/PM,s)
2 PM2 39, 46, 45, 26%, NOs = 38, 47, 46, 18%,
SO42-= 36, 57, 53, 35%, NH,'= 37, 50, 48, 21%,
1283l WSOC 34, 43, 41, 23%°1qth 13 29
A Ccrel K= 032 moll A $ARE=9 3.1-6.2 um
oM ZHREE Hole FHE oAy 7] &
¥ 5 Yebd wbde), Ca*' ok Mgh'E 3.1-6.2 umell A
ZUYRERRS Hole ©dd A7) i E(uni-modal
size distribution)E YERHRITE Crel K'Y oAby
A7) wxE BAY A7gLEE 301 gl
A2 vpolemAa A4 F)eol g3 MEH(SHAEE
7 Ad Ee BEY 7Y §9 AdA i?i%lﬂ 4
Feo] vehd A3z #gkE thPark et al., 2013).
ghel 71zF 1ol sk 19 304, 2€ 14, 6
A, 79 @ 11¥99] ZAFE PM, NO;, SO, NH,
9 WsoCe 7] E¥E 1.0 mo| Ao AF R}
- TR AMFE (tri-modal) X 5SS R
2tk PM, NOy, SO/, NH, T WS0C?
PM,s/PM o= 242 52-71%, 79-93%, 68-95%,
93-98%, 83-91%°l9ith. 18lal 19 304, 2¢ 1Y,
62, 79 2 1199 PMyss.1o/PM s PME 42, 61,
61, 60, 54%, NOs = 49, 70, 66, 71, 61%, SO+
56, 68, 74, 69, 59%, NH, &= 52, 70, 69, 70, 60%,
18131 WSOCE 41, 53, 53, 50, 45%°]Att. 7]3¢

Particle and Aerosol Research #] 17 @ #| 3 &

I E<ro] 4% PM, NOs, SO, NH,” 2 WSOC
9] PMyss. 1 o/PM s 713 T &<%te] 0|59 Hl&H
o # Eokth ey 7)1 Bl S8 o
59 PMpso/PM g 22 17-24%, 15-27%, 13-27%,
18-28%, 22-29%= 717k 19] 0|59 | &xY} o 2
Hj Al AR LT 713F I Eekel W Cl's?}
K'= 713 19} B2 032 mel A9 $HARE, 1
el A o] HAARE 9l 31.6.2 pmelA] 2 zﬂ%‘jca
HolE FEs Ay 37 BEE el 1
Yu T AR 77 BIE Cre ZUyRIToA
NA R oA Aot F, CIe A A
ZAAzE e A, MGl A
A, K'& "ol mj s Aol e Q194 2
At 283 Ca¥t o Mgt 7IRF 1
9} FUsA 3.1-62 melA e XUREE Hole
Gy 27 EEE B3t Aestd, F o1
=74 717t 5 PM3} o] AHEE3} WsocC2
F9] zpo] A2 0.1-1.0 um Atel 8] HA RS
A= A8 A& oldllsted E8ol
2| & Rre] zolojtt. 71 164 PMF} ©]
< AEE9 WSOCE HFRE §lo] 032 mmellA
3] SAREIE AuAolgde. a2y
= PM¥} o] *é%ﬂ—éﬂr wsocE 54
ols}

|
T
)
rlr

o
2
ﬁ; o
[
N
XN
offt
L
é
B
:.N:
o
2
T

)-‘ﬂ i}OL 20&%@‘3] 91% FAE 59 o
s v

>}L
_n
O
=
=
ol
l

o!

3.2 th7| o2&
A5 2Ixt
I T 5AE Fe ol AEE3 wsoc
o] 77 #xe] FHE AolE x
d 30l 24413 B F5, AW U1y, V1R E
ANEFERIDE YERAATE 0
1 NO8F CO ¥E9 Fo]s} o5
HAE JYERNTE NO9t CO 5+ F AR
HlE 2ddels B9, 34 4
FAMI T A A e H9 9T
slolth, AA AT 717 = 2ZAE T A

UXte| EHmEo| 37| BEE



125 125
100 —@— Jan. 05 M
=@ Jan. 11
— F— Jan. 12 —
£ =
5 75 A Feb. 05 v !
B 3
2 k]
= =
S 2
0.01 0.1 1 10 0.01 0.1 1 10
Aerodynamic diameter (pum) Aerodynamic diameter (pum)
40 40
2] —@—yanos NO,
—@— Jan. 11 _
‘= — Jan. 12 “&
R A Feb. 05 g
= v -
< <
E] 2
S =
= 16 w PEe
z ]
’ /6\ b
0 ’-——u—’—‘»
0.01 0.1 1 10
Aerodynamic diameter (um)
15
2- -
12 —@— Jan. 05 SO, 12{ —@— Jan. 30 5042
_ =@ Jan. 11 —p— Feb. 01 [=]
“= - Jan. 12 B Feb. 06
ER) A Feb. 05 0 & Feb. 07
= —ar— Feb. 11
<
%
B
=
i, 6 v 6
(=)
] .
3 X 3
a
2 m o
0Q o0 o0 :
0.01 0.1 1 10 0.01 0.1 1 10
Aerodynamic diameter (um) Aerodynamic diameter (pum)
20 20
+
NH NH,"
16 { —@— Jan. 05 4 16 —@— Jan. 30 4
—@— Jan. 11 —p— Feb. 01
P Jan. 12 v (= Feb. 06
A Fob. 05 <& Feb. 07
b Feb. 11
4
P QR .
0.01 0.1 1 10 0.01 0.1 1 10
Aerodynamic diameter (um) Aerodynamic diameter (um)
10 10
8 —@— Jan. 05 WSOC 8 —@— Jan. 30 WSOC
— —@— Jan. 11 —p— Feb. 01
= ¥ Jan. 12 = O Feb. 06
E A Feb. 05 E < Feb. 07
= s —d— Fcb. 11 o
ES ES
= r E
s 4 S 4
2 2
= =
Z 2
2 2
°'/'.\ v .
0 T 0 ~ T

0.01 0.1 1 10 0.01 0.1 1 10
Acrodynamic diameter (um) Acrodynamic diameter (um)

Figure 1. Mass size distributions of atmospheric particulate matter, its major ionic species (NO3~, 50,7,
and NH."), and WSOC for two different sampling periods.
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Figure 2. Mass size distributions of CI”, K*, Ca?*, and Mg?* for two different sampling periods.
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Figure 3. Temporal variations of 24—hr average wind speed, pressure, ambient temperature, relative
humidity, NO2, and CO, and relationship between NO, and CO concentrations.
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