TSPN15081-080-12

233 oloj2E SN HT Y SEXE H|D

Characterization of aerosols over the Arctic Ocean and
comparison of permafrost data
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SUMMARY

[. Title

Characterization of aerosols over the Arctic Ocean and comparison of

permafrost data

II. Purpose and Necessity of R&D

The Arctic is a critical region of the earth that is highly sensitive to small
environmental changes in the Earth’s climate due to its complex feedback system.
The largest increase in an annual mean temperature was observed in the Arctic.
This warming trend may be explained by a global increase in the greenhouse gas
concentration or changes in the Arctic ozone budget and transport of anthropogenic
light-absorbing particles from the lower latitudes. Anthropogenic aerosols that cause
the reduction of visibility known as the Arctic Haze have been observed in the
Arctic atmosphere, snow, and ice. The extent of Arctic sea ice has decreased during
the last few decades, leading to the increasing importance of the marine influence
on the Arctic aerosols. Although measurements of number size distribution and
chemical/morphological analysis of the Arctic aerosols were previously conducted,
various physicochemical properties of aerosols such as number size distribution,
hygroscopicity, volatility, and mixing state, elemental composition, etc. should be
extensively investigated to better understand aerosols’ sources, formation mechanism,
transport pathway, and their effects on climate change. In this study, main
objectives are to determine various physicochemical properties of the Arctic aerosols

and to compare measurement data obtained from the Arctic ocean and permafrost.

III. Contents and Extent of R&D

Aerosols’ number size distribution, hygroscopicity, volatility, mixing state,
morphological property, elemental composition, etc. were extensively investigated on
board the ARAON ice breaker ship over the Arctic Ocean, the Pacific Ocean and
East sea (9/7/2013-10/13/2013). In addition, the measurements of number size

distribution, morphology and elemental composition of aerosols were made at the



Gruvebadet station that is located near Dasan Korean Arctic station
(4/1/2015-8/31/2015). Aerosol measurement data obtained from the Arctic ocean
and Permafrost were compared. Research on climate change was conducted using
hygroscopicity data measured in this study. The sources, formation mechanism,
transport pathway of aerosols were examined. Based on the data, aerosol properties
emitted from natural and anthropogenic sources were classified and then
characterized. Basic data for construction of extensive aerosol monitoring network

were produced.

IV. R&D Results

Ship-borne measurements (ARAON ice breaker ship) of ambient aerosols were
conducted during an 11,937 km cruise over the Arctic Ocean (cruise 1) and the
Pacific Ocean (cruise 2). A frequent nucleation event was observed during cruise 1
under marine influence. The number size distribution varied according to air mass.
Concentrations of particle mass and black carbon increased with increasing
continental influence from polluted areas. Based on the measurement data of
hygroscopicity and volatility of aerosols with chlorophyll-a concentration data (a
possible indicator of biological activity over the ocean), we concluded that biological
organic compound can play an important role in the formation of new particles and
their growth to a detectable size. The fraction of submicrometer particles having an
external mixing state was small. Most of them were internally mixed. On the basis
of elemental composition and morphology, the submicrometer particles were
classified into C-rich mixture, S-rich mixture, C/S-rich mixture, Na-rich mixture,
C/P-rich mixture, and mineral-rich mixture. Number size distribution of aerosols was
measured at the Gruvebadet station and new particle formation event was observed.
Data suggest that Several factors such as increased emissions of particle formation
precursor due to temperature rise, air stagnation, solar radiation can affect new

particle formation event.

V. Application Plans of R&D Results

Data of aerosol characteristic obtained from the Arctic ocean and permafrost
can be provided. Aerosol sources, formation mechanism, physical/chemical changes,
transport pathway, etc can be determined. Information on the role of aerosols in
climate change and basic data for construction of the monitoring network of the air
pollutants in the Arctic can be provided. Real-time measurement of comprehensive
characteristics of fine particles can contribute to development of real-time

monitoring and early warning technology in order to minimize environmental and

_7_



economical damages caused by particles. In addition, real-time monitoring of
chemical composition of nano materials can be wuseful to determine their
behavior/transport process between the media in nature and their environmental
impacts. The behavior of aerosols, which are formed in Korean peninsula or long
range transported, can be identified in real time. Thus, the data obtained through

this study can contribute to international countermeasure and environmental

agreement.
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¥ 3. Cruise 13} 201412 7174,

<=, 28]al olo]wE 54 Q9

Cruise 1

Cruise 2

Date

9/7/2013-9/29/2013

9/29/2013-10/13/2013

Major locations

Arctic Ocean (Barrow, Beaufort
Sea, Nome, and Chukchi Sea)

Pacific Ocean (Nome, Bering Sea,
Sea of Okhotsk, East Sea, and

Gwangyang)
Average ambinet temperature -0.1 + 1.1°C 131 + 31°C
Average RH 91 + 5% 73 + 9%
Average wind speed 88 + 2.0 m/s 129 + 3.1 m/s
Average wind direction 59 + 234" 40 + 23.6°
Average seawater temperature 26 + 1.0C 154 + 35°C
Average chlorophyll-a 3 3
concentration 34 + 11 mg/m 1.0 £ 04 mg/m
Average number concentration of | 4 o7y | 5907 4/em*(CPC3772) 3648 + 3812 #/cm’(CPC3772)

particles larger than 10 nm

Average number concentration of
particles larger than 2.5 nm

11,910 + 19,360 #/cm’(CPC3776)

9,159 + 17,780 #/cm’(CPC3776)

Average mean particle size 193 + 72 nm 197 £ 24 nm
Average . black carbon 20 + 9 ng /i’ 502 + 531 ng S’
concentration




¥ 4. Nucleation event WA oo]22F 5% BC ¥ &, 281 ¢ 22 24 AR
2' _
Dat . Ai . N(>25 nm) N(@25-10 nm) )?1]\(1(52 ;0 ) BC Seawater
alte me Ir mass c nm .0 NImM , o
P #/em®) (#/cm®) o0 (ng/m» | T (O
9/9/2013 | 04:00-06:30 Marine (Beaufort sea) 45359 + 12881 | 16390 * 6,563 32+5 22+7 | 24101
9/15/2013 | 01:25-04:40 | Marine (remote Arctic Ocean) | 39,842 + 13,696 | 16172 +6446 39 4 g+3 | 32+01
9/15/2013 | 16:05-21:00 | Marine (remote Arctic Ocean) | 114,357 + 25694 | 68993 + 19,168 56 7 11+5 | 3302
9/16/2013 | 09:55-1840 | Marine (remote Arctic Ocean) | 101,457 + 58995 | 77,481 + 54,829 52 +12 12+5 | 2502
9/17/2013 | 07:40-09:25 | Marine (remote Arctic Ocean) | 31,188 + 10431 | 13567 + 7479 40 + 10 g+4 | 24101
9/18/2013 | 07:35-10:50 Marine (Beaufort sea) 161,795 + 58771 | 124,705 + 50,275 66 + 9 245 | 04+ 02
9/19/2013 | 04:05-06:30 Marine (Beaufort sea) 108572 + 36280 | 61,922 + 31,699 46 +11 16+5 | 2001
9/21/2013 | 11:35-15:55 Marine (Beaufort sea) 53383 + 7654 | 16885 = 3,802 30 + 3 104 | 09zo01
9/22/2013 | 04:10-08:05 Marine (Beaufort sea) 2B650 + 12063 | 10876 + 5928 419 %+5 | 08+01
9/25/2013
- 20:55-04:45 | Marine (remote Arctic Ocean) | 48462 + 15588 | 23,806 + 10,178 45 + 8% 2%+7 | 03+01
9/26/2013
10/9/2013 | 08:05-19:10 | Continental (China and Japan) | 161,296 + 45567 | 129,738 = 45708 66 * 13 538 + 52 | 21.3 £ 06




3000 v ine air mass (Beaulort Sea)
(a) e ® Marine air mass (Beaufort Sea) FelNa
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% 5. (a) remote Arctic Ocean®} Beaufort SeadlA] 7]913}+= marine air mass®l (b) Alaska,

Canada, Russia, China®} Japan® ZH¥] 7]<18}+= continental air mass® number size distribution
(30-600 nm).

a¥ 3l DMPSE o]&3le] ooj2F& A7]o] (30 nm 600 nm) W& F%% (#/cm3) &
¥ EAE et o2& 9] Hit Number size distributione I3 5%} #Zow Air
massel WA FAg xolE Heol= AS & F Atk Marine influenceol] €8] 100-110 nm,
200-230 nm, 270-300 nm, 400-420 nmoll A £} o] Multiple modeZ} & 5 A ). o] = th4Fsh
Marine aerosol BAFAH O 2 (primary, secondary) 7]¢lsl: AHo® ALEFHCh  dHbd
Continental air mass®] 4% F%%7F S78la Number size distribution Aol @dy=a
7b EAEY o Air massZF ool Z]QlstEAol wEbA 9xF 2719 Single dominant
mode’} @EFA Tt (100 nm: Alaska and Canada, 180 nm: Russia, 210 nm: China and Korea,

240 nm: China and Japan).
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29 6. cruise 13} (a) cruise 29 (b) S E2F7ro| 9] AA4 4 (15 and 500 m)

#5717 Bt Air mass7t o2 E S0 v A= s AV EY] 9814 Air mass
trajectory Hlo]E #A1& 99t 15 meF 500 m Aol A el Air mass trajectory Hlo|E= 19
63 #Zow F2 Air mass types X 4] 295l tE. Air massi= Marine air mass}
Continental air mass® Yo% Air mass’} Oceanol A 71918} 4 72A13F &<F Land
2 AXA Z%E W Marine air massZ T2 A TH

Cruise 1 F-7FllAM = +2 Air mass’t Remote Arctic Ocean®} Beaufort Seaoll A 7]
A&t e Cruise 2 -7t A= Russia, Japan, Korea, Chinaol 7|91l Blo] vji-ito] 9]t
Air massell W& o2& 54 A HolHES & 4o 98t ofgF2o] Landol 23t
At Continental air mass®] Gl F9<S o BC ¥=7F S7lete 3S & F oy &5
I} dECRFE V" Air mass® dFol NS W HE =2 BC sEUF #HF

=]
+ BC %7} Continental/anthropogenic source %32 X F &M AlgE 4 9SS ondlir},



3 5. Air mass typeo] WE ooj2E EA =3 237,
Volume
A ; Dat HGE fraction of N (>25 nm) N (25-10 nm) BC
ir mass type ate
P volatile #/em®) #/em®) (ng/m%
species (%)
Marine air mass 9/15, 9/16, 9/17, 9/25,
, 140 £ 014 | 24+ 7 | 22670 + 28920 | 14,820 23660 | 17 + 9
(remote Arctic Ocean) 9/26, 9/28, 9/29
. . 9/8, 9/9, 9/10, 9/13,
Marine air mass
9/18, 9/19, 9/20, 9/21, | 132 + 018 | 27 =6 | 10,390 + 19400 | 6870 + 15600 | 18 + 6
(Beaufort Sea)
9/27
Continental air mass
9/11, 9/12, 9/14 1.31 + 0.08 30 +9 777 + 538 241 + 282 16 +7
(Alaska and Canada)
Continental air mass
. 10/2-10/6 141 + 0.07 7+1 1,545 + 705 190 + 103 167 + 73
(Russia)
Continental air mass 16,530 +
i 10/8-10/10 1.46 + 0.07 9+ 2 24,970 + 31,150 947 + 849
(China and Japan) 25,980
Continental air
ontnentat air mass 10/11-10/12 152 + 006 | 15+ 4 4310 + 2,744 505 + 840 | 593 + 360
(China and Korea)
A duri th
VErage CUmnE e | g70013-10/13/2013 | 139 + 0.09 | 19 + 6 9772 +18300 | 5976 + 14,860 | 188 + 335
whole sampling period




2 A fAE FaA AdE HVTDMA systeme AF o] &3l olojz2&e F4
A, st E4Eo] A EHATE Ocean biological activity: Remote oceanoll A]
Submicrometer ¢ AF2] Organic, non-sea salt (nss)-sulfate, sea salte] H] & FQ3 Je&
x= Aoz dex v} (O'Dowd, Facchini et al. 2004; Gantt and Meskhidze 2013). A1)
AFolME FUlFE 90% ZHolA Ammonium sulfate, ammonium bisulfate, sea salts,
water soluble organic matter (WSOM), water insoluble organic matter (WIOM)&<> Z}Z};
1.7, 1.8, 2.0, 1.2, 1.09] Hygroscopic growth factor (HGF) #& 71zt By v o 2
Aol A Ab-go] ® HVTDMA systeme 7FA 1 A Ao A3 Ay vzt x 2 A
A3E Bl Ao A Volatile, semi volatile organic®] 4% 100C Z7A SE= Ak
Sulfate?] A%+ FTHHA Ze= AL FAsH o nss-sulfated} Sea salt speciesi=
Hygroscopic, non-volatile 3} Organic speciesi= Less hygroscopic, volatile 3 53 & 7}4]
mﬂ-%nmﬂ%nm*@ﬁ%gﬂiﬂ§}“%W1%@%ﬂﬂi%Q}Emem%wm
growth factor)®} SF (shrinkage factor) #ke] WI=8¥+= oz 193} 7},
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) 2 B3 (1.1-12 14, 1.6) A3
o W& 9o Volatile species’} £A8t= A T AAJTF. 149 169 HGF %2 Sulfate
I & Organic components@¥ #A7F lom Fjx oz 2 HGF %=+ Biological
organic components (less hygroscopic)oll 7]1gtt}t, a2 M 3P AF-ol A= Sea wateroll &4
sl Bacteria 5 %=7} 78l Wl SSA (sea salt aerosol)®] HGF 7ko] FHAdtes AE +
Halo] vE st (Prather, Bertram et al. 2013).
9iE - Cruise 29 HGF RIZ=ZEZAME FAg 1504 9d 925 HoH
Volatile species®] &% Fojdoz A Aox Yelyot 2 AAE Fdy 4 HGFS
SF A3k Marine influence &394 Volatile organic species’} Submicrometer ©ll o] &2
of A AAe Fag TS T F e S HoAFEn #5717 s dAES
Internal mixing AEi7F diFEolew A #F dHolE FolA 24 2%%ho] External
mixing A EI 9 Th ©]+& Hygroscopic (sea-salt) QAES ©@50 2 EA37] Huhes theFsh 1
49| nss-sulfate, volatile/semi-volatile organics, sea salt Y A= 9| Internal mixing A2 &
Aste A4S HoAFEr

= .



(a) 26

. Cruise 1

""" Volatile organic species with HGF of 1.0+Non-volatile species with HGF of 2.0
24 =—||— Volatile organic species with HGF of 1.0+Non-volatile species with HGF of 1.7

= = Volatile organic species with HGF of 1.0+Ncn-volatile species with HGF of 1.2+Non-volatile species with HGF of 1.7

2 2 — = Volatile organic species with HGF of 1.0+Non-volatile species with HGF of 1.2

Volume fraction of volatile species
(b) 2.6

A Cruise 2

------ Volatile organic species with HGF of 1.0+Neon-volatile species with HGF of 2.0
24 =||—— Volatile organic species with HGF of 1.0+Non-volatile species with HGF of 1.7

= = \olatile organic species with HGF of 1.0+Non-volatile species with HGF of 1.2+Non-volatile species with HGF of 1.7

2 2 =~ = \olatile organic species with HGF of 1.0+Non-volatile species with HGF of 1.2

204.-.

Volume fraction of volatile species

29 8. (a) cruise 13} (b) cruise 2 7oA 9] volatile species® volume fraction®] W& HGF
22 7k3 Zdanovskii-Stokes—Robinson (ZSR) relationshipS ©]-&3%F multicomponent mixtures <]
HGEF =4,

=Rl HGF ¢}t Volatile species <] Volume fraction g ol ¥ =3}
Zdanovskii-Stokes-Robinson (ZSR) relationshipg ©|-&3le] S5 3)dAlo] &zl &35td

=239 delgaa A= nustidtt ¢ 2"l & 5 0ol Cruise 13 Cruise 25 Wl

u

jut

f
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A4S W Cruise 1 T7HlA SAHE ooj2£E52 AUjxor wWe Uk B4z -4 5o
S ¥ olygl Yget Internal mixtures S & 4 v}t HHH Cruise 2% Cruise 13 €2
AR oz dojrEEe HGF 4 2X&7F JF55H I Volatile species®] Volume

fraction® A2 A& & + v}
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Volume fraction of volatile species
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FF7)7E Ftol 7HEH 02 Heated tube] %5 20ToA 250C7HA] dAH 2 &
AN oo]R2ZEe FAEALS Ay H Tl Volatile orgaruc species= 100C o] ol Fwx 7]
A1 28 nss-sulfate¥}t Less volatile organic speciesE< 100CE WA SdHE L 250C &
Lol A iy FEo]l "vt Cruise 1 (2013 9¥ 11‘?—:1)-4 54 ARE AHET QoA A4
H AAY Aoz @ Volatile species’t A48+ AL & 4 A2 Cruise 2 (20133 10
4 109)2] A% 100C o™l F93lE Little volatile organic species =412 &9d 4+ A
o 150CAA F9sl7] Alztele nss sulfate®] do]|H & Cruise 2 F-3hollA Al ¢k
nss—sulfatee] £AgE AL HANH FHfF 2 Yl nss-sulfateS  Anthropogenic source

(anthropogenic SO2 conversion)®} Biogenic marine source (dimethyl-sulfide oxidation

conversion)o|A] =% 7]l = $ gltd. 28] Cruise 2 T-7Fol]l 250C ZAoA Z9siA] &
I golgle ooz Eo]l Ao o] dojEEFo] Mineral?} Biological material® #Z2
non-volatile species® E83& 11 = AL o u g},



o2 o] sty EA 9 g5tz d4adE A4S f8A= TEM/EDS7E o] €5
Ak F 287N olo]RFo] B4 FHJow F=& Corich (type 1), S rich mixture (type 2),
C/S-rich mixture (type 3), Na-rich mixture (type 4), C/P-rich mixture (type b5),
mineral-rich mixture (type 6)2.2 F&o] Ht} C/P-rich mixture (type 5)¢ 7Z2-¢ thi&
cruise 1 7|7toll #ZEH A= ol & 3@ 7|/ T3l dH o= 73k Biological activityel <]
g 3ot AbEET

(Type 1) - (Type 2) -
(Type 3) - (Type 4) -
(Type 5) (Type 6) -

Energy (k&) 200 nm

29 10. C-rich mixture (type 1), S-rich mixture (type 2), C/S-rich mixture (type 3), Na-rich
mixture (type 4), C/P-rich mixture (type 5), mineral-rich mixture (type 6)2] TEM/EDS H|¢|H.



Aol e fap w9 A T2E Ttetelr] f)ste] AEmb= o =(Svalbard
Island) U] ¥ <#lw=(Ny Alesund (78.6° N, 11.6° E)) x o] ¢ 28t 13 n8}8l(Gruvebadet) Ul
71#Z4 (2¥@11)olA Nano-SMPS (scanning mobility particle sizer, DMA (Model 3085,
TSI) - UCPC (Model 3776, TSD)E ©o|&3te] 3 - 60 nm YA A7|¥ 5% WHIE A=
At AL 20159 49 194458 20159 8¢ 31U714] Fdsldoen 595 H= 2Fakd
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Ao b, A2 YA AA (NPF, new particle formation) ©|HlE
2l 140] vebdinlel Zo] Nucleation mode (Dp < 10 nm)9 F&s =7}
a1, FHolol Be Aol HEg Aol YEhvE A$E NPF oHMIER He|s)
ol AlZte] mE YA FEE XS UEY EiiolA+ vhiue} 71%% RoF
%4 5= 7 AAS FRAF Aol #E 01%3}04 AR
A4 % (formation rate, #cm3-s)S AAslR i, o|WE 7[7F &b A|7ke] W& BE A A9
£ o]l g3l HFE5E (growth rate, nm/h)% AT AAbA 2 Kulmala et al.(2004)

of AAE & o] &3ttt
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Kim, G., Cho, H. J., Seo, A., Kim, D., Gim, Y., Lee, B. Y., Yoon, Y. ]J. and Park, K.
(2015). Comparison of Hygroscopicity, Volatility, and Mixing State of Submicrometer
Particles between Cruises over the Arctic Ocean and the Pacific Ocean. Environmental
Science and Technology 49:12024-12035 (Impact Factor: 5.393).

Park, K., Kim, G., Kim, J. S., Yoon, Y. J., Cho, H. J. and Strom, J. (2014). Mixing state
of size-selected submicrometer particles in the arctic in May and September 2012.
Environmental Science and Technology 48:909-919 (Impact Factor: 5.393).

Batmunkh, T., Kim, Y. J., Jung, J. S., Park, K. and Tumendemberel, B. (2013). Chemical
characteristics of fine particulate matters measured during severe winter haze events in
Ulaanbaatar, Mongolia. J. Air Waste Manag. Assoc. 63:659-670 (Impact Factor: 1.613).
Kim, J., Maskey, S., Yoon, Y. J. and Park, K. (2013). Mixing state of size-selected
submicrometer particles during photochemical and combustion events measured with the
tandem system. Aerosol Science and Technology 47:746-754 (Impact Factor: 1.953).

Park, J. Y., Lim, S. and Park, K. (2013). A new approach for determination of fouling
potential by colloidal nanoparticles during reverse osmosis (RO) membrane filtration of
seawater Nanotechnology for Sustainable Development. Journal of Nanoparticle Research
15 (Impact Factor: 2.101).

Kim, J. S. and Park, K. (2012). Atmospheric aging of Asian dust particles during long
range transport. Aerosol Science and Technology 46:913-924 (Impact Factor: 1.953).
Tumolva, L., Park, J. Y. and Park, K. (2012). Combination of transmission electron and
atomic force microscopy techniques to determine volume equivalent diameter of
submicrometer particles. Microsc. Res. Tech. 75:505-512 (Impact Factor: 1.130).

Hossain, A. M. M. M. and Park, K. (2012). Exploiting potentials from interdisciplinary
perspectives with reference to global atmosphere and biomass burning management.
Aerosol and Air Quality Research 12:123-132 (Impact Factor: 2.393).

Park, K., Park, J., Lee, S., Cho, H. J. and Kang, M. (2012). Real time measurement of
chemical composition of submicrometer aerosols at urban Gwangju in Korea by aerosol
mass spectrometer. Atmos. Environ. 62:281-290 (Impact Factor: 3.459).

Kim, J. S, Bais, A. L., Kang, S. H., Lee, J. and Park, K. (2011). A semi-continuous
measurement of gaseous ammonia and particulate ammonium concentrations in PM 2.5
in the ambient atmosphere. Journal of Atmospheric Chemistry 68:251-263 (Impact
Factor: 1.550).
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(D Kihong Parks*, Gibaek Kim, Young Jun Yoon,”Shipborne measurement of hygroscopicity
and volatility of fine particles during the Artic cruise”, The 12th Annual UNU & GIST
Joint Programme Symposium, Oct 27-29, DaNang, Vietnam, 2014.

@ Gibaek Kim, Young Jun Yoon, Hee-joo Cho, and Kihong Park#, “Characterization of
Arctic Aerosol Particles during the Arctic Ocean Expedition in 2013”, American
Association for Aerosol Research, Oct 20-Oct 24, Orlando, Florida, USA, 2014.

@ Gibaek Kim, Young Jun Yoon, Hee joo Cho, and Kihong Park*, “Hygroscopicity,
Volatility, Morphology, and Elemental Composition of Ultrafine Particles during the
Arctic Ocean Expedition in 2013”, International Aerosol Conference, Aug 28 Sep 2,
Busan, Korea, 2014.

@ Kihong Park, Gibaek Kim, Jaesuk Kim, Young Jun Yoon, Heeju Cho, and Johan Strom,”
Hygroscopicity, volatility, and mixing state of submicrometer particles in the Arctic
(Ny-Alesund, Svalbard)”, Asian Aerosol Conference (AAC), 2-5 December, Sydney,
Australia, 2013.

(» Kihong Park, Gibaek Kim, Jaesuk Kim, Young Joon Yoon, and Heeju Cho, "Mixing
state ofsize-selected submicrometer particles in the Arctic (Ny*Alesund, Svalbard) in
the spring and fall of 2012”, Americal Association for Aerosol Research, Sep 29-Oct 4,
Portland, USA, 2013.

©® Kihong Park, Jaeseok Kim, “A Study on Mixing Structure of Atmospheric Ultrafine
Particles by Using the Thermo-Denuder HTDMA System.”, The 31st American
Association for Aerosol Research, October &8-12, Hyatt Regency Minneapolis,
Minneapolis, Minnesota, USA, 2012.

(@ Jae Seok Kim and Kihong Park, "Measurements of hygroscopicity and volatility of dust
particles during Asian dust events”, The 30th American Association for Aerosol
Research, October 3-7, Rosen Shingle Creek Resort & Golf Club, Orlando, Florida, USA,
2011.

Jinkwan Oh and Kihong Park, CCN activity of ultrafine particles in the atmosphere, The
9th UNU&GIST joint programme symposium, pp.46, October 11-13, GIST, Korea, 2011.
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pp. 153, November 5-7, Yeosu Expo Convention, Korea, 2015.

@ Kihong Park#*, Gibaek Kim, and Young Jun Yoon, “Shipborne measurements of
hygroscopicity and volatility of fine particles during the Arctic cruise”, 2014 UMS-GIST
symposium, Sep 23-Sep 24, Gwangju, Republic of Korea, 2014.

@ A7, F9E, W& delAfE ETt=vE 2384 AA 9 TEM/EDSE o83 &=
o2 o] ALARE = FHesx EA” Proceedings of the 14th Korean conference on
Aerosol and Particle Technology, ppl97, July 3-5, Yongpyung, Korea, 2013.

@ KaYan Chong, Kihong Park “CCN activity of mixed black carbon particles with
core-shell structure”, Proceedings of the 14th Korean conference on Aerosol and Particle
Technology, pp36, July 3-5, Yongpyung, Korea, 2013.

® @71, oA, fdwE. WET "ET dorREY FHA, ILA BEA A Ay
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5-6, BEXCO, Korea, 2013.

©® Shila Maskey, ®7]% "Characterization of mixing state of laboratory generated mixed
inorganic and organic ultrafine aerosol particles”, Proceedings of the bbth Korean Society
for Atmospheric Environment, ppl100, October 25-26, Yeungnam University, Korea, 2012.

@ Ka Yan Chong, ¥}7]1& "Sulfuric acid2 Z¥YH E712e FEIH SN dH4E FAH,
Proceedings of the 5bth Korean Society for Atmospheric Environment, pp70, October
26-26, Yeungnam University, Korea, 2012.

Ka Yan Chong, 2.%3#. ¥}7]% Measurments of Cloud Condensation Nuclei (CCN)
activity of laboratory-generated particles and atmospheric particles”, Proceedings of the
13th Korean conference on Aerosol and Particle Technology, ppl89, July 5-6,
Yongpyung, Korea, 2012

©@ #AA, Shila Maskey, ®71& "d7] & F2VAGAS] F543% SdH o #Hg AT,
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Graduate School of Public Health, Seoul National University, Seoul, Korea, 2012.
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O X, =Wrs "TEIAEEFY JHEHE o8 #7129 CCN  activity 47,
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