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Abstract Although new particle formation can be the dominant contributor to particle number and size distribution in
the atmosphere, the phenomena for particle formation are still poorly understood. Herein, we measured particle number size
distributions (>10 nm), gaseous species, PM, 5, and meteorological parameters at Baengnyeong Island in South Korea from
January to December, 2016. New particle formation events were observed on 14% of the measurement days under low
relative humidity and sunny conditions. We classified the events visually into two classes. ‘Class 1'is the days when the new
mode of particles burst and the mode diameter grew clearly, and ‘Class 2’ is the days when the new mode of particles burst
but the mode diameter fluctuated. We showed that the events were related to the SO, concentrations. Compared to the Class
1, high concentrations of the SO, were observed in the Class 2 when the fluctuation occurred. In addition, the concentrations
of the CO, NO,, and PM, 5 were increased in the Class 2. The average condensation sink and growth rate in the Class 2 were
9.2x 107357 and 3.3 nm h™', respectively.
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(Baltensperger and Prevot, 2008). th7] &0l 4] ool =
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Toll A AMERF A oojzmEo] AAE
H,S80,2} H,00] 2|3k o] 347 (binary nucle-
ation)°] Fa%F ofloj2F A WAYZUS Ho
FA} (Kerminen et al., 2018; Kulmala et al., 2004;
Weber et al., 1997). PARFORCE (Particle formation
and Fate in the Coastal Environment) 74H9|¢] 7|7t &
Qo= H,80, B9 ofy et fmyjopr} o s]= 4F
¥ 234 (ternary nucleation) = T8 of o] Z2E AJ
A HlFAYZolgtal AA = At (Kulmala et al., 2002).
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Fig. 1. Map showing the sampling location of Baengnyeong Island (BN: Baengnyeong Island).
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Fig. 2. Examples of size-distribution time series for (a) Class 1 (new particle formation and growth), (b) Class 2 (new particle
formation and growth with fluctuation), (c) Undefined, and (d) Non-event.
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10 nmoll A 469 nm9] YHH F5E= SMPS
(Scanning Mobility Particle Sizer, TSI model 3080,
USA)E o]&sto] 517 7HA o= S5t A7 HE
TEEE 20169 19 58 300¢0] ST 7~8
ge Aniz Qs 24 9471 AH3] Aot
174, 89: 2¢¥ =4). PM, s A= 5= (Thermo model
TEOM 1400a, USA), 72424 SO, (TELEDYNE
API model 100A, USA), CO (Thermo model 481-TLE,
USA), O3 (Thermo model 49¢c, USA), NO, (Thermo
model 42¢, USA), 7184 AEE, &5, 4 =
% (LSI model LASTEM)-2 W H=5404 54
SH1ARY Bt AR E o] 85k

3.2 o

3.1 HEE JO{EE MHe EF
£ APolA ool o] AL 25 nm ofst] 5

%57} 10,000 cm™? o4O & 1A]7F oA} FEF
2 A5}t (Park et al., 2015; Kim et al., 2013;
Song et al., 2010; Wu et al., 2007; Monkkonen et al.,
2005; Dunn et al., 2004). 2016 1~12Y = of A
YR oflojz=E0] A2 A 54 717 3009 F
4292 °F 14% 713t 57t BEE QI oflol2E A
Aol yehS wf A% Wl JHloll= T3kt
#olZ R lrk olelg B2 Fe) 2419} Dal Maso
et al. (2005)°14 At 27 7oz W ofA
LRt ofloj =& A//MIA8AEE 47HR] = ER5kaith
AR, 25 nm 0|5}2] Y7FoNA =] FFol 147t
o AEE L ofol2F9] AdAfo] Hhvh; ReFe] §
e (banana shape)E& ROl ZS ‘Class '22 A9
Sklek &4, 25 nm ©Jste] F& FF°] 147 o4
TSl UehARE A4 SAlolA B-E (fluctua-
tion)°] UEH= 95 ‘Class 2’2 A 2J5ktt Al
A, 25 nm °o)/FollA YA 57t §55h B¢
£ ‘undefined’ & g2ttt YA, o= 1A=
Tk F50] 912 WS ‘non-event 2 A 25T
I9 2= 2016 WY oA LR Class 1, Class
2, undefined, non-event®] AHHE HolEth 19 2a
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Fig. 3. Number of days and frequency of Class 1, Class 2, Undefined, and non-event at Baengnyeong Island from January to

December in 2016.
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o]2ZE A4 O = Class 17} H|S3E FAFS HolAgh
‘st Tt HEo] UEh= 73-9-= Class 22] A
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= B2 1~28 ASHE 7P wol uEh,
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(Vehkamaki et al., 2004).
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Fig. 4. The starting and ending time of new particle formation events (Class 1 and Class 2) at Baengnyeong Island.
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Z olFo4 Ao Afolo] HI¥sA| BEEE A
o2 BIErh 19988 ~2002F =] Virrio o
A oflol2F0] AP F= B At UEbg Tt
(Vehkamaki et al., 2004). 2004'd 3955 2005 24
742 Ho o Ads @ 6A1RE 2 10A] Atolo]
F=2 oojzEo] WAo] HHEIT (Wu et al,
2007). ESF 2008~20121d AF T14to A ofjo]2E
O = F2 97 104014 2 Aol KIS
VRS TH(Kim et al., 2014).

SO, H,80,8] F83F 7hAE3elal, oo|=E
Aol AFBPE 2GR, 7)Y A B7} ¥
& Fag 8ol 50, 5=t o2 4 Aol
of ApHge thake Aol A Q1pElof ek 2] e
e} $0,9] HE7} RS uf elol2E o] MHst
A BZE7 & 51 B2 50,9 FE7F = o of
o2& AT ATHAH(Kerminen et al., 2018;
Young et al., 2013; Lee et al., 2008; Wu et al., 2007;
Kulmala et al., 2004; Birmili and Wiedensohler, 2000).
G W] AL 50, &7} 0.35 ppb ©]5kE W
2 uff ofo]2F AJAJo] HIMSEY L (Vehkamaki et al.,
2004), AT} Egbert %olAE 50,9 FX7F 1.5~
2.0 ppb & uff QIHS}A HAYSEATE (Pierce et al.,
2014). 1y S H|o] ol A= SO,7F 20~30 ppb

N

1

B B2 FEoA dlejz2E Aol BEHUTH(Wu
et al., 2007). 20059 A|FE Al $O,7F OF 3 ppb A
T uf ofloj2ZFo] A= ATt (Song et al., 2010).

2 Aol A WG oA SO, FETF AflolzE A
A3t ol BAZ} =] BASIATHHE 5). 2016
W WAL ofol2 ] A 50,9 57} 20
~3.0ppb¥d mf 7} HIHSHA A5t o] et 4
e 20059 B2 AlFE)A TS ofolzE A
3 AFIA19] SO, 55 919k m-¢- F-AFSHE (Song et
al., 2010). olo}=2Z& AA] A] Class 1, Class 201]/\1 SO,
HOL zlolE Btk (a1 5) Class 19] F<¢ SO,
BE7F 0~5.0 ppb Atolofl A W 9ol Fagt vt
H Class 22] % SO, & 2.0 ppb /o ATt of o]
2% /o] UeEth

12 20169 AA S4 713 FSF Class 13} 20
Al oflolzE /o] AIRTESS 19 SO, 5 Rt
TP EET PM, 5, 71 RS9 Beale HolE
t}. ofoj2E 9] o] WSS W Class 137} 29]]
A TEAgEE L] Fee @A 2ol Bl oflof
2Z A Al Class 1914 SO,°] H-5E+= 2.7 ppb,
Class 2 SO,= 4.0 ppbE Class 1°A4] SO,9] 7T &
= I ofloj=Eo] o] WSE U Bt ofzt
NO,, CO, 0,2] EE & Class 19[4 2% 2oich &
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Fig. 5. Number of new particle formation days according to SO, concentrations.

Table 1. The mean values with the standard deviation (std) of SO,, NO,, O3, CO, PM, 5 concentrations, and meteorological
parameters at the starting time of new particle formation for Class 1 and Class 2 events. (a=0.05)

Classification SO, (ppb) NO, (ppb) O3 (ppb) CO (ppb) PM, s (ug m™) RH (%) T(°Q) WS (ms™)
Class 1 27+1.1 29+0.9 41.0%£5.1 233.1+£65.6 104+4.4 46.8+6.8 34+7.0 36+1.6
Class 2 40+1.9 6.0+3.5 51.3+11.3 320.4+122.1 18.8+12.8 444+10.8 9.5+9.8 44+34

A1 18.8 ug m 2 Class 1914 A YT & 2016
| W oA o 7] o] ZjRRE 750l A Class 1 (BF
Ui FEfO] ooz )0l wEE A 7S
Hyytidld %0l A= S0,9] =7t A#|5] Zon o)
TEH ofloj=E A 42 v FEl = LE
o} (Riipinen et al., 2007). Aol 4390 £, A=,
Ity A2 Hof A= Class 19]] H|SH Class 29
FH = 4% DdACIA WFo] RIdsHA =it
(Kristensson et al., 2008). ©|=f SO,°] B+ =
T, dinp=o] 73Rt @04 9] SO, FEE Tt of
2.88] =2 A ATE IS 2007 Ho] M 2
AH oA Hehd ooj2E A% Y Fole ¥
o] doftth(Wu et al.,, 2007).

H ALl A Class 17} Class 2014] 25 nm ©]5}2]
ooz Z o] AL maAstd ot A & A Eof
Class 294 ¥-5°] YEFATE Class 2014 SO,9]
B W the AR AT QAR BE 57}
& AASIE, A 45 BRG]0 dEY
=9 FEE TH & |, Class 204 = ool =& 9]

]*1—4 Oﬂ‘ﬂ?-— ’\H’Hoﬂ @ ikl =
£ & 9 B2 A=E o]&ste] F71HH1 A7t 2
fsirt

B 194 Class 17} Class 29141 9] AtiEE, &5,

AT H| 7T A S T O] -9 Class 17} 20 A4
ZYZ} 46.8%, 44.4% 2 F Z}o]E Ho|Zx] ¢iofth 2=

¢}

©] ¢ Class 1 3.4°C, Class 2 9.5°C, 352 22} 3.6
ms ! 44m s '2 Class 194 Lx 2} £40] L2 0
LT Class 137} 204 &0 = 2fo]7t g1gl ot
B2 B BAFo] SHlaH Lehdtt,

o]2E A4 (growth rate)+= O12E A%
AlZE Eet 211 HEAA (log-normal ultrafine mode
diameter) 9] W32 ALFSHITH(E 2) (Song et al,
2010; Wu et al., 2007; Kulmala et al., 2005). ACE-Asia
2} TRACE-P ZAH|Q] B3 AFE T4tol A2 1zt
AL 9F 2nm h™'2 B E|T (McNaughton et

al., 2004), ABC-EAREX2005 7|7} 5¢F QHA L o 4] 2]
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AR} A2 2.0 ~ 5.8 nm h™' ATt (Song et al., 2010).
2016'd WP Leof| 4] ool =E A4 A] Class 137} 20114
o] Bt A 5= 717 3.1, 33nm h™' 2 ALESL
ok & Z9ollA ool2Eo] A £ko & Aol
AT Class 20141 oF2F B w2 A Ad7steich
Condensation sink (CS)+<= pre-existing particle]]
sulfuric acid?} 22 A-EHo] 55+ HES 9
ajeteh & Aol A= off A 12 o]-8-sto] Alitst
At (Kulmala, 1988).
CS=2rDZiByD, N, )

F Al De AL (0.104), e BAAS

Table 2. Ranges of condensation sink (CS) and growth rate
(GR) during new particle formation and growth of Class 1
and Class 2.

CS(s™ GR(nmh™)
Classification
Class 1 Class 2 Class 1 Class 2
mean 59x1073 92x1073 3.1 33
min 26X107°  33x107 0.9 1.9
max 12%1072  22x1072 5.1 6.0

S

SOz (ppb)

G

Temperature (°C)

Time (h)

2016 MOl A LIEHE Ol01ZE

837

(1.0), D, = °lle]2F 271, N, =555 (10~469 nm)
E AHESHYIT) (Song et al., 2010; Wu et al., 2007).
2016 M=o A] Class 17} 29141 9] Bt CS&= Z¢
7} 59%107%, 92X 107 s'& Class 2014 2F7F =<t
t}. ABC-EAREX2005 7|7t -59F QP41 <] {1z}
A4 Al CSE 1.5X107°~8.4x 107 57" ATt (Song et
al.,, 2010). FEAflA BSE ool2E B4t 4
7 oME 7|7t B9t CSE 32X 107°~1.5%x107% 57!
Ath (Kulmala et al., 2005). ool 2& AT} 43 A
LT L CS+= Class 2014 5 =0Tk o] et 4
T2 FE preexisting particleol] -&EE|HA AAH
A=A oojzEo] A7 Atelof] Aol gl
= A& 215t (Kulmala et al., 2005).

3.3 oloj=Z 4du} H|MHof Hlw
HY oA oflojzE Aol dojur]
ot 7] ffsf oflozE Aol a3 A
Ao g2 &2 50, CS, 2%, At %= (Kerminen
et al., 2018; Park et al., 2015; Wu et al., 2007; Kulmala
et al., 2005, 2004; Weber et al., 1997)5 19 6°] H|1L

o
=
1

—
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Fig. 6. Averaged diurnal variation of (a) SO, concentration, (b) condensation sink (CS), (c) temperature, and (d) relative
humidity (RH) on the days of new particle formation (NPF) and non-new particle formation (non-NPF).
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A5E3ATE 80,9} Cs= oflolzE A4 v
WS o 3% 2to]7F UrehA] ehgheh (71
6a, b). 3.278 oA A5t %0] SO, Fr= olol=
A2 AF Al Class 1(SO, Bt 5=: 2.8 ppb) Tt 2
(S0, B 515 3.6 ppb)ol A F2AT Aol S WAL,
HHH ofo] 2% HIABAA] $0,9] Bk =% 2.8 ppb
2 e Cs9l 7% olol=E A4 Class 1, Class
29} HJAI ol A W WlZgt ko = Uehc,
oo]2= AA (Class 1, Class 2) Ate|e} H]RAA
(undefined, non-event) At A1) 7FF EA Ao 7
ZpolE Hel A Adlsket 2=HTH(1H 6). &
e
4

1= A 1

T O] A A&H oflojzE AAdo] HiHste] (71
3) ¥ 2ol oflojmE Aol et (1
60). oo =2E 4 Aol FhEE7T 40~60% =2 H&
o ool =E Ago] HIHSIATH L 6d). WA ofof
2Z AN s BHEETT 70~80% AT 2]
AFAFAINE St F2 o oolzE B4
of dofupr] F2 £AYS HAISHAT (Pierce et al,
2014; Song et al., 2010; Wu et al., 2007; Vehkamaki et
al.,, 2004). & A A WG oA ofojzEo] A
48 W 718 E]E oflelzE o] A Fatt o
& ok AeR Hoin

4.8 &

MHE 2016 195 H 129744 17 10 nm
oo YA Tk ARE o]8sto] dojEE A
A BG4S A5t 2 oA oo]2E 2] A4
25 nm ©]5}F2] A2t $=FE7F 10,000 cm™ o[4S
¢ W2 FYstl, ofol=E A4S Dal
Maso et al. (2005)°l| 4] A A eF 478 /g3 4374 ¥
St g 5 71F 02 oo]2& XA (Class 1, Class
2). ool 22 ¥]AA (undefined, non-event) & 255}
Ak

2016\ W oA ofojRES] BAELS AS>E
>7Fe> g £ & HIHsHA WSt ool &2
Z9] A4 AIRFE tiFE 2 10A]914 2% 34] A

oo REBALE ool 2E0] AL T2 BFEA
2fo] Z7}sHe Ao Azkdel 2 dojyiths Aad
9] Aot FAsHA Lhehtet,

ool WA FRT ATEAR AeiH 50,9)

g R YApg B ok @A) ol

Class 1 (banana shape &El)o]| HIHS}HA] WAYSS T

ofolzE gL AV Pgelet DET BE Holn]
ARG EIL e 1] Polupr] F2 2AYL HolF

otk
AT

£ Q7oA #H7] A WY el A ool
Z QT A S0, AE =S EfeFR AR 2L
hAEAEC] dol2E A0 Fo AR 2

oflolzE AT 44 B4 2uE olgste] Man
o4 LR ofolz 0] 7] B, A RS o
st o Uelrt ool At o] 715 o
A G 9 Ae] Bl G olsfo] B2

7R

el 2

o] =22 20179k AR (A& HEAE, 2
74, BAEZ O] fde g A S-n| A
A 7L Z A EALY (2017M3D8A1092015) 1}
20189 % AESMSA 2| UAE] O] ATLAFGH] (18-
14-02-01-15)5 A gto} == A},
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