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Abstract

Physico-chemical measurement of non-refractory submicron particles (NR-PM,) was conducted in Baengnyeong
Island, Korea using Aerodyne High Resolution Time of Flight Aerosol Mass Spectrometer (HR-ToF-AMS) from
2012 to 2014. Organics and ammoniated sulfate were dominant species in NR-PM,. The organics was found to
have similar fractions (approximate 40%) of NR-PM, during the summer and winter, while the sulfate fractions of
NR-PM, were calculated to be approximately 47% and 31% for the summer and winter, respectively, suggesting
the possibility that particles provide non-acidic surfaces for condensation of nitric acid in the winter. The nitrate
fractions of approximate 4% and 20% of NR-PM, were observed in August (summer) and November (winter),
respectively, resulting that the relatively low concentration of sulfate in NR-PM, provided a non-acidic surface for
nitric acid condensation and formation of particulate ammoniated nitrate is favored thermodynamically in winter.
The new particle formation (NPF) event and particle growth rate were analyzed for each month in 2014 using
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Scanning Mobility Particle Sizer (SMPS). The Percent of NPF events was the highest in winter, but NPF event was
not observed during summer due to relatively high temperature and frequent rainfall. The average particle growth

rate was 3.5 nm/h and the highest particle growth rate was 5.5 nm/h in May. We observed the long-range transport

of the anthropogenic sulfate from the East Asia during the intensive monitoring period of November between

Qingdao and Baengnyeong Island in 2013. The relatively high concentrations of m/z 60 measured in HR-ToF-AMS

was observed in May and June at Baengnyeong Island, suggesting the possibility of the influence of biomass

burning from the East Asia to the Korean Peninsula.
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2 % AANRE FHATIA(SO, B AanierE
(NOy)#ut ofvgt 3erAl-§-7]3FeHE (Volatile Organic
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7t 712 35ugm’e} Q¥ 15pugm’S 712082 A%
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HH BATLE A% T2 Al w=t 4R
4 EAE OF fdHe AeR 9I]a ik (He et

al.,2003). £3] 3202 HE U SO,= A2A] ¢
7] SO, & 8~12%F AAI5HH, 23 2 H=8 Y FAHEL
¢l PAHs £33t ZAE dHA=E= AMgshs Aol
= &A= 1 lth(Lee et al.,2011).

E HE= High Resolution Time of Flight Aerosol
Mass Spectrometer (©]3} HR-ToF-AMS)$} Scanning
Mobility Particle Sizer (©]3} SMPS)E ©]&35}9
2012~20144 9] vjAR| Gl WHE tfj7] = v|A| YA}
o) g7 - 3t S0 B AFS WAsIon,
= Athe (2013 119)9] HR-ToF-AMSE ©]-&3t
PM, #2428 ¥golo FHonnE FA 2 oF
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N, 124.63°E, 13 1)2] HR-ToF-AMS$} SMPSE ©]
L3to] 2012 02/12~11/26, 2013 01/23~12/06,
20144 06/16~12/157+A) 3d7F 243} t}.
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Fig. 1. The sampling location of Baengnyeong Island, Korea.
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2.2.1 High Resolution Time of Flight Aerosol
Mass Spectrometer (HR-ToF-AMS)

oA YA 3tek AR EAS 93] HR-ToF-AMS
7} o] &5 qlth(DeCarlo et al., 2006). &4 717+ Z<t
NR-PM,°|| 3B == tf7] 5 oo2&& 5% H42
2 Z73}I3ith HR-ToF-AMSO|| tfgh ZAgE A2
0o =FoA S 4 At (Lee et al., 2015; Canaga-
ratna et al., 2007; DeCarlo et al., 2006; Drewnick et al.,
2006; Jimenez et al., 2003; Jayne et al., 2000). 3 ¥
2 & 7hEFs] AshH, dyy < 2.5 um o]+ Cyclone
(URG Corporation, USA)Z HR-ToF-AMS inlet o]
AAsko] 2.5 um o] 2HYAE A ASHL Nafion
dryer (Perma Pure LLC, USA)E S35t A9 -8
S 40% ngre 2 AZXAIZ] & 100 um 2719 Pin
hole2 E35}9 0.1 L/min® 2 HR-ToF-AMSZ 8¢}
A 3tth(Choi et al., 2016a, b). E7]|e} §4 ol
o] 2= 7] d8tA A= (Aerodyne research Inc.,
USA)E S50 & ol Felz AFHT oln 1
um o]4te] QAL A7 6, 1 um o5t 2719] Q13}

a7 A 33 A A2 &

E2 AHE R} 600°CE 7% Vaporizero] =3k
o} Vaporizer £ & £ FET o2& T Y
3}A4Jo] L of o] 2= (Non-Refractory PM,; NR-PM,)
2 713tdt). 7|18t EE L IYHIEY A T0eVE ¥
AP A7Lel S5t o] 23tE I AFEAT|Z olF
gtk ol 23t At HIBARE AREA7] (Time of
Flight Mass Spectrometer)ofA] V E= WEYS 7}X|
11 0]%3}1A ¥l MCP (Multi-Channel Plate, Photonis,
USA)E B9 229 ¥ UAY Asz wadd
(DeCarlo et al., 2006; Drewnick et al., 2005). 2 dF
oA BIYAZE AFEA 7] V-modeTHS AHE-5I
t}.

2.2.2 MHl w™M U HH

HR-ToF-AMSE ©]-&3t ulA|dA} &7 Al g3t
FTEAES 98 Ay 2@ 2SS JIYsHHH HR-
ToF-AMS 9] Jx}9] o]-235}4 & (Tonization Efficiency;
IE)S 53t 42o) vjalsto] th2y] 2o IE 2%
o] BQa3}ltt. HR-ToF-AMSY] IES £43}17] 93}
A} A 7] (Aerosol Generator 3076, TSI Inc., USA)<}
Scanning Mobility particle Sizer (SMPS, TSI Inc., USA)
£ &3}9] 300 nm =7|2] Ammonium Nitrate QA=
5to] HR-ToF-AMSE AAAA zke] o] 2.8k
BES SASHT Bt AR o] 23 A S (Relative
IE; RIE)& Ao 4 AAIE 7|25k (organics =
1.4, sulfate=1.2, nitrate = 1.1, ammonium =4)& A&
3} T} (Alfarra et al., 2004). Vaporizer EHoJ| A 2HAY
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e rbe] ey thiel Yake) 24 Ego] U3
A ok} (Matthew et al., 2008; Huffman et al., 2005).
AR TY ELS YAke] Ao whebA th2y] g
o] Composition-Dependent Collection Efficiency
(CDCE) 2AHE o]-&ste] HAstFrh(Middle-
brook et al., 2012).

2.2.3 3ist M2 EN

HR-ToF-AMS Hlo|E| 8] A& F3lo] NR-PM, 9
sfbY S42 Tetakgct ol® sted Tgor (Wave-
Metrics Inc., USA) 7]8F2] HR-ToF-AMS ©|o|g A&
AT Eo]Ql SeQUential Igor data RetRiEvaL (Squir-
rel)¥} Peak Integration by Key Analysis (PIKA)E A&
5} T} Squirrel & £3}o] 7] 2221 Unit Mass Resolu-
tion (UMR) Go]E]E HE3}9ith. HR-ToF-AMS 3 H]
WollAl o] & mlgA|Tto] 2=} ¢Feof waf get| 7]
o 2o o] & wAsH| Y3l ‘m/z Calibration” IS 2l
YPatgon, At L= AL 98 Baseline A4S
£310] dlojele] Balat AN AT, A
2 Yo BL Falo] 2T UMR glojels uet
S 2 PIKAE o]&3}o] A= (High Resolution;
HR) Hlo|BE F53t¢ith PIKAE 53 HRujo]E 4t

2o WO ojE] 27 L ANS 9T HHe) Peak
of Wejo} Yolg AP, o] WEIR PeakE
AFg-31o] PIKA Ion Fitting 2F92 53l NR-PM, 9] 3}
3 QE B4 9 318k EA RS AEshgt

2.2.4 Scanning Mobility Particle Sizer (SMPS)
WYL= 7] S wAdAY =223 54 s 9
3} Scanning Mobility Particle Sizer (SMPS, TSI Inc.,
USA)E o]-&3te] th7] F 10.4~469.8nm Ato]o] =
PAES 5442 RRslo 5% (HHeR dFR=E
£ S4sI5th SMPS= doj2E9 YAREZE 73
st AH2A, YA7F 7RI Qe A71E EAL o
&35t AAE BF 9 Alste 5471710t SMPS
94 A TAL AJAE317] (Aerosol Neutralizer), 217]
d AAHEF 7] (Differential Mobility Analyzer; DMA),
S-=3) #|4>7] (Condensation Particle Counter; CPC)Z2
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ZAEe] glom, B At AHE-E SMPSQ] ¢z} 23t
71 A 591949 Kr85s AHgetgith 249
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At (Polydisperse)
2 (Cyclone)S 53}o] 0.8 umEch
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2 3719 dA7F AAE F dAFIIE AXA 2
o fE e dASE] elA shde] FakE
o, o] BAlell &fste] o2t UYA7E HolA =il
A9] spAeE Q17el wek (+)Ask, (-)Hah B4
2 YJAEE 229 3§ A% B2 (Bolzmann
Equilibrium Charge Distribution) %22 Y37 &
o} ho] F3tE YAH= DMA W59 A55of ek
Aol oJste] 7|7 o] Fkof whet o] 55t S5t
A& sk 27)00 SFEHE dARE AAA = o]
£ THEAF(monodisperse) YAFEAL $Hct DMAO A £
¥ nm 27]9] TE4
%_J A Yoz ZHo] d57] HEol SEAtdA
£ CPC Hj 5ol A —‘?'—%%(Q ,OH)Z °]&3to] 45}
7]

o

AR T 277} S Zopa

O]s} 37|12 L& AAA T, 2 AAH gz}
dolAE Ao F AE7|2 S B

FollAE SMPS ko] gAbz7] (Ae)7}A Diffu-

sion DryenE A8t} Z45l17} sk g of 8

off &gt Y= a3kt

2.2.5 B742 0|5 0| 3t Afell £

3% W1edBae FAe ooz Fze §
YelR2 Fals] 9lste] WY=2 Aol ZH%
SO, (100A, TELEDYNE API, USA)$} sulfate (HR-
ToF-AMS)9| s=H3ts Istgich. E3, nj=5def
7] (National Oceanic and Atmospheric Administra-
tion; NOAA)O| A A-&35F= Hybrid Single Particle
Lagrangian Integrated Trajectory (HYSPLIT)Z22-& 0]
g3fe] vlg A BAL skl FAY ol A
dE AZsATt vholen| 2 A ARlE TG EeF
= (National Aeronautics and Space Administration;
NASA) Earth Observing System Data and Information
System (EOSDIS) 9| $|dAt=E o]-§3tof gttt

3.ZY H EE

3.1 WA 7| & st YEE sk Hal

2012,2013,201499] NR-PM, 9] A|7to] w2 3}3h
e A% w=o A%t setRAgn|E 11 293
o UebdTh 2012, 2013, 2014 Z+zbo] B4l
2459, 2409, 13992 £4] 7]7}o] Arolslt}. Choi et
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Fig. 2. The timelines of concentrations of organics, sulfate, nitrate and ammonium from 2012 to 2014 in Baengnyeong

Island.
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Fig. 3. The fractions of organics, sulfate, nitrate and ammonium of NR-PM,, (a) 2012, (b) 2013, and (c) 2014.

al.(20162)& 2012~2013 W= NR-PM, o] A4
FTEHIE WEste] R HA “IL.PM 5= 2 35 4
= B =RA A8l 2A45eH, 7 =&ollAl
= 7o 2013¥ J=EF =4 7]7H(2013.08.10~
2013.09.03,2013.11.01~2013.11.30)7} 2014 NR-PM,
9] 3}t A& & HIE £48k%h 2012, 2013,
20144 Z7e] 2% 71708 NRPM,S] B SEL
Z+zF 10.5, 19.1, 13.7 ug/m’E T2 E (Y 2).
2012,2013,20149 =% 7|7hd =g sfel RO o
7174 wIA| )&t (organics) ot #7114 wIA|AALE o E35}
= Ak (ammoniated sulfate) 22 NR-PM, 313} A
B 2 organicsZ 717} 30.5, 34.0, 31.4%, sulfate®] 7
O 400,387, 40.1%2 2 W7} Q= Aow B

a7 A 33 A A2 &

=] th(Choi et al., 2016a) (L 3).

2013 245 H 119 B3 28 F 847} 11€2 3
% 24 7o A Az 2ol AmschE
1). 2013 8¢ = organics, sulfate, ammonium, nitrate
o B 2= 22 49 ug/m’, 6.5 ug/m’, 1.8 ug/m’ 1
22 05pgm’2 FFE o, A FEE 185 ug/
m’, 37.7 pg/m’, 11.0 pg/m® 21 5.6 pgm’s S35
Stk 8 o= sulfate’} 47%% 7Y =& Hl&S
B o, organics7} 36%, ammonium®| 13% 18|11
nitrate7} 4%2] B]L&E HQl ¥t 11¥ Fo|& sul-
fateQ] %7} 16% 73A3FAA nitrate’} 15% Sold
ez SAEAT 1Y JF 54 717 F nitrate F
Z7} sulfate 5= $FOZ IEEHE A2
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Table 1. The concentrations of NR-PM, (Organics, Sulfate, Nitrate and Ammonium) during the intensive periods of

August and November, 2013. (unit: pg/m’)
Period NR-PM, Organics Sulfate Nitrate Ammonium
Mean 13.7(9.3) 49(3.0) 6.5(5.3) 0.5(0.5) 1.8(1.6)
2013.08.10~2013.09.03 Max 62.6 18.5 37.7 5.6 11.0
Percent 100% 36% 47% 4% 13%
Mean 13.2(14.0) 4.7(4.3) 4.1(4.6) 2.5(3.8) 1.8(2.15)
2013.11.01~2013.11.30 Max 95.5 30.3 34.6 27.5 13.9
Percent 100% 36% 31% 19% 14%
(£ Standard deviation)
wesss Organics == Sulfate w Nitrate Ammonium

Concentration (ug/ma)

|
10 | A,M}‘I“\.‘L I ok : M "Z'M'M" . u:}wu‘ | .ﬁwll W

2014/7/1 8/1

101 111 121

Date

Fig. 4. The timelines of concentrations of organics, sulfate, nitrate and ammonium during 2014 in Baengnyeong Island.

oA FetH oz BotA3t nitrate”} B E th7] F &
=7 @A fAEHE 114 o Aoz FAS 4
91917] o]t (Khoder, 2002). HH#l, o2 7|7kl §
2 Atolo nitrate®] FE7} A S Hol1 §lo] 7]
% 2o SEolH BebE niated AP w
AH o tr] % sulfatee] E7b FobREA o]
2Z ol AV =7t RobA| AL nitrate”} B4E o Q=
folgt A& 2417 wFolt}. Organics2] 7%
AdH Eue 2 st gict

28 4% 20149 629~129 Afolo] WiFE ty] &
NR-PM, 9| 8317 ME = WMstE Ueya gick
20149 =% 717t ¥ organics, sulfate, nitrate, ammo-
nium®| B STt 274 43,55,1.8,2.1 pg/m’E &
25]0] 2012~201399] 24 WAEL] NR-PM, 2]

ROl H|EE 428 RATHE 2). & 20] A2 27}
oM =4 NR-PM, o] 28 552 Bt o
2] 429l Suzuls WERTE oF 2.5 WA T
zggon, F2o =4l Wol AT Aol
AHE AT WP ER 22 ) o4 £
£2 BEEYG Yo 20149 24 7|7
NR-PM, 9] 3}t zAJu]= zkz} 31.4,40.1, 13.1,
15.3%= Choi et al.(2016a)2] 2012~2013 {3} H|=3H
242 PEEATHY 30),

3.2 XA EMA (Nitrate, NO;)2| 7S

20129/20138/20149 AR oz X & u
nitrate®] 8L} 11499] 5= 3P/} BEEUTHE 3).
2012~20143 8¥9] nitrate?] =7} T2 dof u]a}
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Table 2. Comparison of mean mass concentrations of NR-PM, for field studies in East Asia.

CZAR - HEF - olHF

(unit: pg/m’)

NR-PM, mean mass concentration

Reference Period Site
Organics Sulfate Nitrate Ammonium
Rose et al. Urban downwind
2011) 2006.07. (Guangzhou, China) 16.1 12.8 1.8 6.1
(52“(;11;’) al. 2011.11.~201201.  Urban (Beijing, China) 344 93 10.9 8.6
2011.05. (spring) 4.0 74 0.6 23
Lietal. 2011.09. (summer) 4.1 8.7 04 24
(2015) 2011.11. (fall) Urban (Hong Kong) 60 7.1 07 2.1
2012.02. (winter) 5.1 6.2 1.6 24
Iwamoto et al. Rural/Remote
(2016) 2012.10. (Suzu, Japan) 2.7 19 02 0.6
Zhang et al. 2013.01. Utban (Beijing, China) 89.3 393 25.0 179
(2014)
Choi et al. Remote
(2016a) 2012.01.~2013.12. (Baengnyeong, Korea) 4.1 53 1.7 1.8
This Study 2014.06.~2014.12 Remote 43 55 18 12
(Baengnyeong, Korea)
o Fo Aog H=EQATE 2012~2014d 11€9] Table 3. The concentration of Nitrate in August and Nov-

nitrate?] T = 80| H|F| Z7135l= dt= AoE T
ZE Qi) ol 7] F 2=of Wt nitrates A9
3k 89S 1199 B3 Ao R LE7 %] W

o] &% o] BZEk nitrate”} B3 = o] NR-PM, F 22
HES 3}A]5to] AhA o R =2 sulfated] S =7}
ZH A HhEof 11dofl= Hwa =71 oA A
nitrate SE7} AR LR 27159t olele Tl
A] sulfate = nitrate7} ammonium} 23t FEIS
F3l=d|, 8ol tjFE o] ammonium sulfateS & 435}
17, 11¢¥o]&= ammonium nitrated FA3}1 Y= L}
ehdith. o]#3t I oA 1 mole?] sulfate’} 2 mole
nitrate2 WA EHA AL 0|4 YRt £ Ao §Y
T 11 BF ALY BlSehE Bt ol nlAdA F
sulfated] ] EFEZY 72> ammoniumy}t Z3HE
sulfateZ Z0]5 %= ammoniumo| nitrate®} A2 33+
S o1 A% 3 AFL FAAY Ml Wst o

g ojulely] wliel o7l MUY BE g

£ feiA= SR AHe Sl nAgAr A4
o 71ofst= ot AFEEES AA®NOF & A4t
Btk 2012~2014E 9] Z+e A7]0] 11Y€S H|lws) &
A v nitrate®] =7t STtk A& B ¢ ATHE
3). Lee et al. (2015)9] =FoA= HAZFS F3FoZ

a7 A 33 A A2 &

ember from 2012 to 2014. (unit: pg/m’)

Month 2012 2013 2014
August 0.26(0.33) 0.80(1.48) 1.18(2.29)
November 0.82(1.04) 2.49(3.85) 291(4.12)

(£ Standard deviation)

TN TRE drledede] UYER FodE +
A= ALE yepdon], webs mjd A& nitrate®]
e Sk ARTH R F59 FsHAFl fAT
HP=R A2 HAFOR st Jjzes 2=7t
W2 Ao €oz 4 H nitrate7} HAFZ B
I ZAEY ol Fst FAHNE 7= AAEEL A

_:L

3.3 YUXtH &AtH (Sulfate, SO,7) X 7HA N
O|At3tEH (Sulfur dioxide, SO,)2| HS
a9 5520129 69T 99 F WO AE =4 7|7
= =249 sulfate = W39} SO,9 =& Wil
A et 123 JF 5 717H6/15~27) F FE
v &} o= Bt 69 179 L= sulfate %
=7F HEE A7) SO, =7 A F71%E ¥

SFATH(H Sa). o237t g2 64 2193} 259U =

-

fl
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Fig. 5. The timelines of concentrations of sulfate and SO, (gas) during the period of the intensive measurement, (a) 1st
Intensive period and (b) 2nd Intensive period in 2012.

BEEQT whE, 08| 27 WF 27 )T F BS
sulfate®} SO, Atolof| = W3}l AL 649 12} 3

4 712t t2A #EEHATH(T ™ s5b). 23 HF
=7 717k(9/21~29) T UEhd sulfate®} SO, Ako] &
% wote] ofge SO/ WY Aol 7| gste]
7EAAF AT B3¢ SO,7F sulfateS FA5HA HEE2
SO,7} sulfate® ZEHE w] SO,= 7F435HA il A
Mo slfatel SO/t HAXE Uehd 1 Z7}5hs
Aoz siME Bhdof 69 14 HF TS 7|3l
sulfate®} SO,7} Z& A7|d] 15z B=25 HL
SO,9| 71¢lo] WE = A A LAYE = sulfate?t T
A ZAE olFol ot MP=R 9] 7S B
SEERLS

2|
=
3
=

3.4 WS 0f7] 5 YRS B2H S
20149 1€9~12¢ 7|7t Z¢h g e 7] & 104~
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