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HELR %A (Summary)

I. Title

A study on hygroscopicity, volatility, and CCN activity of aerosols in the North Pole

IOI. Research objectives

Aerosols can be directly emitted either from the permafrost or formed by gas-to
-particle conversion in the ambient atmosphere. Particulate matter less than 10 um (PM10)
in the ambient atmosphere is current interest due to their effects on radiation budget,
climate change, visibility, and human health. Rapid measurements of the physicochemical
properties of aerosols are essential for better understanding of their sources, particle
formation, and growth mechanism including their effects on atmospheric process and
human health. In this research, real time measurement techniques to measure
hygroscopicity, volatility, and concentration of cloud condensation nuclei were developed.
Our system was evaluated by using laboratory-generated aerosols whose material
properties were already known.

M. Methods

In this research, the real-time monitoring system which can measure hygroscopicity,
volatility, and cloud condensation nuclei of size-resolved aerosols were applied. Our system
was examined using laboratory-generated particles.

- Hygroscopicity and volatility tandem differential mobility analyzer (HVTDMA) system and
cloud condensation nuclei counter system were developed to measure hygroscopicity and
volatility of Arctic aerosols. These two systems in the laboratory were then evaluated.

- Database of hygroscopicity and volatility including properties of CCN for various
laboratory-generated particles whose compositions and sizes were given was established.



IV. Results

We measured deliquescence relative humidity (DRH), growth factor (GF), and CCN activity
ratio of NaCl and (NH.),SO,4 particles to estimate our system. DRH of these particles were
76 and 79% respectively, which are close to the theoretical DRH values. Furthermore, the
measured GFs of NaCl and (NH4),SO4 particles at 85% RH were consistent with previously
reported values and theoretical values within 4-5%. Soot and organic carbon particles were
non- or less-hygroscopic at 85% RH regardless or their sizes. However, GFs of sulfate and
nitrate particles were higher than 14. In terms of volatility, organic acid particles were
completely volatile, whereas black carbon and sulfate particles were nonvolatile at the
temperature of 100 °C. In terms of CCN activation properties, organic carbons were
non-hygroscopic at 85% RH, whereas they were able to act as cloud condensation nuclei.
In addition, we found that both NaCl and (NH.),SO. particles were easily able to act as
CCN.

V. Application plans

- Aerosol and/or nano-particle formation events can be identified by measuring number
size distribution of the Arctic aerosols in real time.

- We will measure hygroscopicity, volatility, and properties of cloud condensation nuclei
during formation events.

- By measuring hygroscopicity, volatility, and concentration of CCN in the Arctic, we are
able to estimate their source, aerosols formation and/or growth mechanism, and their
effects on atmospheric process.
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Chapter III. Results from current research

Chapter IV. Goal achievement and contribution to related area
Chapter V. Application plans

Chapter VI. Reference



Or

G2y

.
[
—

H 23 =el 7lsHe

L s F e e

cC
=3

25

I

=
=

A4 Ay



S|

X0

B
=K

e
M-

7N

T
gy

13

[e)

=

(visibility

A A el
ol

Abed
+ =7]

R4

B

=

ko]

At Toz AH oo

<)

A7)

=

1

T

%

o
o wel i

(PMp)
o]
ATE 122447 ¢

=

=1
el Eel

=

Ul
o

=

o
Al ZE el

¥
A=A (10 um Xt}

AT

A aT7ke] 85%, At Aubrhe] 50%°l 2 A ety A

< shuel mAIEA|

=

R

!
i

A s WAL 22799 km? o]w, B3 Ald ool A= 1,525m
A

e

-
=

h=i
=
s

-

=

=

I TS E

[¢]

Al 2z). mARA

BE

9

1A o7l

O

[}
#H Z ghol] =7

o] 24%
17141

he

°

&

1744 Wbt
o
o}

kel

o)
wl
=

R4

:[L

=

T+

T At drled

o] =

2 3

5
A A

=)

T
o]
1.

impairment) & ¢
T57 Aol

2

A

o
<0

o)
e
B

A&

3

iz

= Aol B4 o

gl

ojmj A

=H

7} =}

ol
s

LR a= 1l

s
=

o] A2 #Aol

= oAs

=

=

g

=

R

T

)
pad

o). wheba ol

A A o]

S R R L

el

file)
o
W

Hlo
T
H
ol
oF
el
N
TR
of

™
¢+

R

—_

.6L
"

|

—
fIle)

r

-
o

3l A

S

o] T84 o

o<
=

77 o] v

=

=

1o 7 3zt

S
&

7]

O]

2 9

=

o]

o

B

=

fite)
_Eﬂ

g =m
=)

re )

=15
=

i o, =] A

Mo

=
K2

o] ¥
ol

-

1

-

T

B

S

A

[¢)

o}

o

F71 %]

&

°

2l
Z}

o

87 7]

=1
=

“

2

o] Ay g

()}
H

Q 5_7] i)

=

T ARE
PAFe] =7

3|
R



8% ARZE @ & vk B ol d HF doREY /TR GFS setsy] ARAE
YAl TEIY BHL AL AT 5 de et Ay @ & v Az
Moz ¥ AT AWSHT TEHF FFEY A2US o] §3to] RIdojRze YA
A (nucleation) AAZo.% QA4S FHA, AR, TEIY 4L S4ey ooz
WA A FE Mwste] BIdolwEel Bel-gdd E4S stolstud Gk Ee ol
Azzel 44, 4474 9 /150 Y= PPt do

A 2 A A e FAAA

B I ES
o171

2

HA

H %“L i
_|U [t -lU
ol o =

b NE
o g 0z 1
= o ) Ill‘lfl
T
Jf o H
|0 o 12
g o =
x B
= dm OlH
b o2 e
e o 0=
o o
m o=
dp Im
2 =

Ik
I
T
rr
1
Frh

~

A== HHZE H4D 3 E22 02 = 2
H =g A2l (sulfates, nitrates, OC, E#7t2) =4
H

HHZE E5d e FSFLEEH S99 dlol

>

== HHEZE2 &4 (hygroscopicity)ot 224 (volatility)E & AZI2=Z

=HEo7 Y5t HVTDMA Al 81 B PEFHSES UAIEH (cloud
condensation nuclei counter) Al ~8l P& Ol ASHM g AE 27
| | |

122 | 344 5RHAE




M2 =le 7[s4e

O

"

.y
K

A 1A =gl Zled

hin
)

B

Aol ol A H= oofzE e

!

B/
T

Aol

s

o] Wste] o

o 444,

=

QA5 5
)}
H

=
o

Ak

AIE7IA M F2 FHEAARE 7]

R

5]

1L
= 1

A

=
=

7}

-
T

[e]
b=

J FE WG

gk ATt

o] 2 Z9 313}

=

il

=3
ofy

s

Bo

=}
canl
ol

e

Sehra

s

l

= ol A

= A=

1

NZro 7 FAH %45

o)
N
] O \%
B =
&O e ﬂE
ﬂa M]MﬂL
G
T
7 e
oy | Ee
W hino
|
B K
hin
iy
14 %o
, Ho Nd
10
i Aot
- o
9| MR N
| N R
= | o
| =5
5
Mo
o
18
ie° B
A= ~
e Nr
T

(7h A7

e
il

il

(i 71

A7)y, A7)k 249 (2006.4.1-2008.3.31)

|

[e)
S

- 2% AN

(th Ayt

_Eﬂ

i)

)A
o
vze)

A
el

il

A

bl LhwglAbe] 4714t A4

5]

Z4et wy A

(eh A+ 43

=504 A, 2007 (8784 ZRAITH



[ 71 %Ak §

=

B A
=

[¢)

1

o 7}

- Y A

NSRRI
(b AT

A7hA 53)

fL

=]

K 4 ot AR o

T rin
O &%ﬁ Xlo A= o0 ol
Nr o B m
oA —~ o B
=t K o |y
2 o o ™
W o o oji =
) M T X il
T it e .mﬂ_ < mﬂ
T = g 2
™ 7o M s Ik
on =z S 0 o
T Tf mm ) L
T B h =
4 1 NCIN p
e B ooy ok o
Py T _ o oF . o
A B N T o o o
& \J = 7o B ~
N _Jlo,ﬂ HA <P =y %o X
m ﬂ_Al_l OH T .Oq - muu
D G Mo o X =
4 X 4 N =
i 7= P kS
m ‘Mﬁ_” X ,M_l o} _é.:._ J_,mo ==
N o o K N o
= o R o Bz oL Al T o i
e W_/_H ﬂ X0 % Eo i ﬂ_AI T &o ogo
s T of °© A g S = 7o
o~ P o M < A =y B0
— TH o~ =n X I
in q I C ¥
3 < Mo 3T E oL R
T =N o 5 il
, N 4 X0 a e
o e i 3y Mo b
_ B N T % K| —_—
X 75 5 B = i
~ q W T odog X L F i
o NI ~— N o = ot p i )
S ﬂ,DI fonind ! —H ~ - =
il oy == L or &g LN =
BOHY o o By T @ = O ™
sr BoT. FIIIZZ S
I v 5T 2 =9
B ~ oo g °F o B X ~ N
A B ﬁﬂl%% woﬁlﬂ%ﬂr ?ﬂ iy ﬂ;wmw
't f3zz T3LvE oBg oz Gg
~ o —~ & K| =zr ~ T = — X N ==
2 T % T o .Wm WM B wo T
S~— ~— 7

=

[e)

o] A7]}

=

4= 9l= CCD 7hv ket #o)

o /] A %3 NaCl, (NH,)-S0; YA

_q}é]

=

Al
=

AT, GIT7]7E 19 (20095-2010.4)

=

At 7]

-
1

SR

1

°
pl

(h) A 72}

(th 7]



-

Nr

o] &3t 7N

=
=

- EFYA (PSL)
TAS W7 T ooz

O

el

il

N
)

(eh A+ 43

", 10-2010-0006957



FAA W&

i

e
5

Al 7] (DMA), JAHAF7)

(CPC), 7F571,

HVTDMA A|Z2="l3} CCD 7}

2}, He-Ne laserE AZE7|2 o]

)

~
fife)

(CCN counter) A

At

folm

il

S

244 )

BT

o mjp
il

Gl

nitrate, OC

Eria s
T o
o A|m

_EH

fife)

do

o] &

S
£38 oo
o 277} W

=

b}
AR=

pA

5o o]

S

o]
H

% do]E w0l
ENERE =T B

%3
ol

o] 7t

.

1

]_

=

=

°©

o] & 3ol

3
2]

¢}

=

=

.

T

’

T AN
(=R=]

I o1y

AL

Gl
et

M
ol
"
ool
<

ol xAol 3t st HVIDMA
2] 7] (DMA),

U

=]

1

k)
T

A

HA DMA

o

R

=

571 9

o

3]

2~ "l
=

A
N

=

g QAo =9 W

A
QS

q

a}
HA DMASE JAHA 7]

w}

I
=

d o]

S
=

=

A 12 HFol2&e 27,

A 3

~

el

70
il
70
,..&.o
it

I '

_Z?

=}

e

E
T

S

g st
o] § 3]
EE)

s}

=

=

Fol o 2 9]

((NH4)2SOy)
(NaCD 3 =}

ol
)

ox

¢

x

el
;OO

\._WO

fojp o
wjr

o ~X
Nj 8O

2

BT
—_

<V m

el

o

1

=]
=

&tttk HVTDMA A

S

1}
o] 27] Wsl

75

I, 9AAF7] (CPC)E FA €tk
A=) (humidifier) Y &% %4 4] (heated tube)

KN
=

)=

=

2~ gl
-

A

H

Z+s3t¥l HVTDMA (hygroscopicity and volatility tandem differential mobility
o)

o

3
o

Q)
analyzer) A

d] o] B ] o] 2 5}

o]
=13

Ton

ﬂ

ojm

.EH



Filtered air

Neatralizer —()

Diffusion
dryer i

]

Atomize1,
Furnace reactor

H\n ifier Heafed tube

Vacmun (] (] .
. [l = F Vacuun
pump

Critical Critical pump
orifice orifice

a9, B AP Al FE23F HVTDMA Al4slo] 7lgke 2 AR AL

2. HFololREe] TEIAH 54

< Aoz EAshr] g FEINESEFE AF7] (coud
condensation nuclei counter) A]Z~8] =

Eaoloj2Ee 5P EAS AR SAHEY] st # AT A& He-Ne laser
¢t CCD 7HHletE o] &3 +5dA4 &3 Al57] (CCN counter) A =®ls =3ttt 5
g AJ2=wlo] et AAARS ol 1 ¥ ZTh CCN counter A A8 #E 37,
=47], BEA2 ARG BEsEE Bxdre] &= ulol webd AAE 3z
718 B3 A= T TEIALASFIHOR AEste dAES A7V AN SAHI]AA
ZA . o] LabVIEW AXESAE 7|22 AA/NES image w4 Z2 18 o] §3}
o FEERASFHY F vE S48 I



Sample air Aerisol

Thermocouple
Wetted filter paper #
,+" Temperature controller
:[:EC Computer
Water teserair (Image analysis software : LabVIEW)
CCD camera & lens
He-Ne
I 2 AT 5T AXE FEEASEHY ek A4S 918 CCN counter
NeEFe

rsaturator

a8, ¥ Aol 5% CCON counter A AlALR]

1o
X
olr
o,
N

A 2 A 755 HVTDMA, CCN counter §3t A|AEIL] A
L 240 ¢x d3EF (NaCl), SArdLsE (NH»SOy) AAHE o83 HVIDMA Al =le] A
5 97}
F44, A4, TEYA 542 ANten 3
FalA 1 540 L



NaCl, (NH9:SO, ¥#AE ol&stel F54= SAsEATh 542 deliquescence relative
humidity (DRH)$} growth factor (GF)& 33

wekg o FaiE-d oA (Tang and Munkelwitz, 1993) NaCl¥ (NHy).SO, 4 #F&<] DRH
& 77 753, 799 % otk & dAFtelA HAFS A 22 NaCldk (NHy).SOs dA=

A]Z:%ﬂfz_i -5'1—‘—7(‘]6‘]— zk 3} o]%xj]?l P MRS

Lo

- a - - -,
DRH# 2 76, 79% % &3 @t 198 %= Aol& HAARE o= s Es 54 537
. - b= o~ = =
o] ZFAHLAE FASkstH A9 dAst= Aow B F vk AdFe Wt wE Avd
GFE 543 47 Kelvin effects 123k o237 Adgko] 5%UolA dA|stHdom, o&
= = f o o =
EHA 2L AFA 5T HVIDMA Al=®le] 54 Ao =& 23S ¢ F Atk
20 nm 30 nm
260 260 -
240 - O Measired # 240 - O Measured s
s Theoretical i ST meas Thearetical 4
£ 200 - _O-O £ 200 - 50
£ 180 - e € 1580 - e
3 160 - | s 160 - i
g 140 - i {% 140 - :
120 - 1 126 - H
150 | eQeemmeegpmmseeme e 04 - 0P
080 T T T 08O T T
a 10 20 30 40 50 60 70 :h] 80 100 o 10 20 30 40 50 60 70 BO 90 100
Relative humidity (%) Relative humidity (3)
50 nm 80 nm
260 - 2,60 2
240 1 O Messured o' 240 | © Messured o
L2 Theoretical 2 2 1 s Theoretical i
£ 200 - -,.-O § 200 f_,-C')
£ 180 - 60 & 180 d;)
% 150 - | % 160 1
& 140 - ! &1 1
120 - i 120 i
100 - O O- 100 e . "o e eyed
0.80 y . : 0.50 ; : ; T . . T T T
0 10 20 30 40 50 €0 70 B0 90 100 0 10 20 30 40 50 €0 70 B0 80 100
Relative humidity (%) Relative humidity (%]
100 nm
250 -
240 O Measured ('?"
é ;;g ----- Theoretical ",»O,’
£ 150 - (o] ()
E i ] !
120 - \
100 - -Cr -4
0.80 : : ! : : : . . .
o 10 20 30 40 50 50 70 80 S0 100
Relative humidity (%)

T s Wt mhE NaCl 1259 GF SA4ak} o] 24ke] vl

20 nm 30 nm
2.40 240
220 - # MNeasured 220 - 4+ Measured
]
L 200 o === Theoretical o 200 o === Theoretical !
o i ] I
T 180 P € 1.80 ’
e ’l £
= 160 ¥ = 160 .
% o PR
g 140 - - E 1.40 1“7
5] 1 g o
1.20 H 1.20 i P
1100 i g s s g 100 g S ) !
0.80 T T T T T T T T T 0.80 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 a 10 20 30 40 50 60 70 80 50 100
Relative humidity (%) Relative humidity (%)




80 nm 50 nm
240 T 240 T
220 {1 # Measured A, 220 { & Measured I
o 200 o === Theoratical ,’ o 200 - === Theoretical ,"
=]
T 180 - e 2 180 - ’
£ ) £ -
=160 - 2. = 160 - ¥ i
g “»> * 3 "’
8 140 - 4 g 1.40 -
o] 1 ] ]
120 - 1 1.20 - 1
]
108 | smpmm g g N PR g B
0.0 : - 050 T T T T T T T T T
0 10 20 S0 40 50 60 70 80 90 100 0o 10 20 30 40 S50 60 70 80 80 100
Relative humidity (%) Relative humidity (%)
100 nm
240 7
2200 A # Measured r'
_ 200 { === Theoretical !
2 (]
T 180 -
£ s’
e
= 160 - .
] i
g 140 - ']
5 ]
1.20 1
100 - g Wi i g vasiia il lpanid
080 - -
0 10 20 30 40 50 60 70 80 90 100
Relative humidity (%)

T, e Wetel mE (NH)SO; 4459 GF 233k o] 23kl v

2. 540 4 dIHEFE (NaCl), 3= sE ((NHp.S0y) UAHE ]88k CCN counter A|2=¥l9]

= ATl FEg CCN counter®] #xstiews FHxstrle] e ulE AA Gt B &%
THIE 3, 5, 7TC= 3dto] A4S SR (NHW)S0, AAE ol &shaith. Aedh =7 Yo &
I BE F 50%9 4AF CCNe.z #-g8 wo] =7] (CN/CCN ~ 05)= activation diameterzhal &}
=, ©] activation diameter®} Kohler equations ©]-&38}o] &% Fajo] weg} AL ¥ T+= 022
055, 0.78%A . sty SxTule] mE HxsteEs AAsa NaCl, (NHY).SO, YAHE o] 83k
CCN counter®] =445 W7latsivh. A@AolA Axd NaCl, (NH),SO; A= S847% g
Kohler equations o]&3a|A 4L Axtel 71 #& (Cruz and Pandis, 1997; Corrigan and Novakov,

1999; Giehl et al., 2002; Raymond and Pandis, 2002; Pradeep Kumar et al.,, 2003) oA SH 235 o]

o

g3o] MRk MwAT ZQgke] ol2gkal 1% Wl LAk A AAde AR TED
AzHe) B 2RSS FAsT



Ammonium sulfate
e 1.0 +
£ pmmm o 4 %
=
g l
o
5 !
S os ; T
.
] OAT 3.0 AAT 5.0 BAT 7.0
0.0 -
0 50 100 150 200
Dp [nm]

9. (NH)S0s YA o] 838k CCN counter?] #¥3ste AA

Supersaturation [%]

Supersaturation |%o|

19, NaCl,

4.0

NaC’l
Kohler equation curve
| ® Cruz and Pandis (1997)

30 # Corrigan and Novakov (1999)
\ A Giebl, Berner et al. (2002)
@ Raymond and Pandis (2002)
B Thus rescarch
20
1.0 L
.,,;'L.___' _
Te—— Ny, o =
0.0 - ]
10 30 50 70 S0
Activation diameter [nm|
4.0
'.I (NH, )50,

—Kishler equation curve
\ B Cruz and Pandis (1997)
30 \ # Corrigan and Novakov (1999)

A Giebl, Bemner et al, (2002)

\ ® Rayvmond and Pandis (2002)

kY ' Pradeep Kumar, Brockhuizen (2003)
2.0 L B This research
Lo . ‘On_

Tr—
—Bps
oL 4 00
0.0
10 30 50 70 90

Activation diameter [nm]

(NH,):SOs YAHE9] activation diameter W 3}ol| w2 3} 3lE v



A 3 A FFolZEe] BY3 Yol d¥E v+ e U B

o UAEY FEA, HUH, 7ERA B4 databases}

HBooj2 o] AT Ao 93-S v A 4= 9= black carbon, organic carbon, sulfate,
nitrate 59 A S L3 AT I YAE APHA Azt 15 FEAY
Fudel F4star AE databasedt shth wIAYAE atomizerg ©]-&3ste] S AGEHIE
EAekE YAE ASE S 53 Y%= submicron YAE FHA1A HVTDMA
Aleglozg B 259 F54% A4S SAsAS 2717F 30 nm Boh A2 Yo

o == evaporation-condensation W o2 Yx=xE5 #A|xE 4+ Y+ furnace reactor

1

C Sl
N
N
=)
2

o
—10

A5 o] gekaith JAATlel tiek FEFE eotetr] fleiM = dote dAvks A" Eed
T = DMAE &8§3te ddarie] gxats A 7 5 F54% 84S Fdosisln. o
oF g wyow 54 Arle gateh st 24 4u Ak YAE Axd] 9 THA
545 dolHo] =3} sttt theke At FEAS NS S8 A9 sk 8%
o ] black carbon, organic carbon YAb= 7] Aol YALe] A7 7F WA &= AS
& = AqAJ (F, F5Aol ¢lth) L@y sulfate, nitrate A2 YAES GF7| 140402
F5Aol =L AL & F A o= 2EAA 2x7F 100C ¥ W, organic carbon,
nitrate A2 YAELS A7 #AAIGlo] BT FASFAATE black caron, sulfate Ad#9] ¢

2.20
—&—Sadiumchloride
--M--Sulfuricacid
2.00 % Potassiumchloride
A Magnesium chioride
T 1.80 S— Ammonium sulfate
= ¥ Calcium chloride
= )
g 1.60 + Ammonium nitrate
© O lodine pentoxide
=
=] %
g #+ Humicacid
: 1.40 & Malonicacid
=
g = Levoglucosan
T .
0 1.20 - 4= Glutaricacid
A Succinicacid
A O Oxalicacid
1.00 o}
={*=Dotriacontane
<o Tetracosane
0.80 ==r=Wood burning particles

0 10 20 30 40 50 60 70 80 90 100 110
=O=Kerosenesoot
Particle size (nm)



1.00 e ! g e i or=—u —+-30nm -0O-50 nm

—+—80 nm ——100nm

o
@
o

Shrinkage Factorat 100 oC
o o
I~ @
(=] o

7. opekek AgA A Fx2JAE o] &3 54, A database

20~250 nm 7] WL s R JAES Axste] HxsE 022, 0.55, 0,78%°1 4
AR e LEEA EAS AU 427 sodium chloride A2 YAFEo] 2
A7l % 474 CCNo & Z83= AL & 5 Y

nitrate BEYE & F QA FEYY S Q45 FHY AAGE FASEG A
o

9k organic carbon &9 YAEL FUlFE 8%l A Ao FFAdol UJAT FEILSFH
goz= 2L F dos & F AND GAETE F55 v Ze Ao EAdo] HIUh

21 29 Dioctyl phthalate (DOP), octacosane, tetracosane, black carbon &9 A=
A7)ol #HAglel FESIE 0.78%NNE TEIZSHHORE 283514 Z AT

rlo



£ T A5 FE94 54 database

Activation diameter (nm)
Species
S =0.22% S = 0.55% S = 0.78%
Sodium chloride 66 35 28
Ammonium sulfate 78 42 35
Ammonium nitrate 82 45 37
Oxalic acid 80 47 39
Malonic acid 106 58 46
Succinic acid 112 61 48
Glutaric acid 120 65 52
Adipic acid 126 68 54
Humic acid 120 68 56
Arizona road dust 221 137 89
Dioctyl phthalate
Octacosane
Tetracosane No activation
Black carbon

a4 7 & R

Eoolo2&9 F54, WA, TEETAIEEY FF54, IWY, FEIHN 5AE
P4 BEAS AANoR 2T FNoR 24T & o oAl golst A

9l HVTDMA, CCN counter Al2x|%5#A128191 HVTDMA, CCN counter Al Z~%¥1&

9 73 3kt

ol = EEZ 33olul 0zxlELS olLF

DHA AT o 87 A s o FHERE MARE o8] HVIDMA
wo] A=} CCN counter Al=§le] Z445S H7kgh 23} o] &4
=E ee 3 =Azko] 5ol ol A AA e AL Helets

Fe AN AxYAES F54,|databasedt ¥ A sulfate, nitrate AEES &
£ database3t |TEEA EAo] =
A




M4 & d7ieeE 9MT 9 tielrjos
A 1A IAE A7 B

B dojzEo 454 (hygroscopicity) ¥ 3]1%HA] (volatility) S AA|to 2 ZA3sl7] $1819]

HVTDMA (hygroscopicity and volatility tandem differential mobility analyzer) A]Z~®l % -

2384823 92712F (cloud condensation nuclei counter) A]2~8lS 7|Wto 2 3l 34
2d g A Qs o] 83 3 TFPA~H HAE 985S EXE S
L Aiess 949
= I 9 A E(%) Bl £
sETdoz2E&e F54, T4, ETdolz2&e 54, IS ArgteR
TEIYN EAE Atz & 100 =438 4 9= HVIDMA A 2®y +E&59
At 5 deE A=y 5 4 A EXNS &4 4 = CCN counterg +
37} =
sulfate, nitrate, sea-salt, organic carbons
cepd AEd AzYAE ol g e o °
5 S22 3lurA ZHANE g A3l AxdAE 2714, 249 &
° O L= o = =
LonwE, WERE TR A0 ey mua, peudesd 549 o
2 dlo] B Hj o] 223} Wol 23l 95
2. H7te] Zobdol wE HxgA o] ek AAH7}
H7be] #QbA 2 A H 7
b g ol st 5 ma EIoolzEo 54, 3w, F584 54 =AY
S RE Fud AUY T gr ggasue Avsden, Aua 2gA20e
EFA EALS AA7ZF Ao 7= ’
S olmde] Sosn ‘;}L;; LabVIEW 2ZEsJOlE £ake] Ao/t 7@ Assta
S S =]
e T 2welth a# T racke o gate] AsElS Afuraaly]
Al 2g] S 5 . o
wjitel o] s = ottt
Haoojzz®: A AAd geE=ddol=z2Ee A AdAd IS v A= sulfate,
S m A= ohekst AF A A 2 A nitrate, OC, sea-salt A % T3 =7]9 xS Ad
o FFA4, A, 7EEAE 5 ANAAM Axs FH5A, WA, FEIEA 5A dolg
o] o] E] ] o] 2~ &} o] ~E w5}




o] =
B8
3} 7 of| A o] o]
z2=

E?JX]_

A
12 A o2l 7)o

ol
° -
0
N S
o F o#hﬂa
N ﬂﬁhrwoqw_
as o @ E N
. ) I e ~
o < T Mo ay o BN
,ﬁ 'y 3.; —_ = —_— —_ g =
< og W ) S ™ X o
o ﬁq@ﬂuw Aa\uMﬂHM
e = N o N i 3n = . -
- _ ~ = = iy Do ol
iy =y 2N N HE = X oy )|
T 3 P’ 7 X o N -
ax R og_]mﬂ% Hﬂ% ﬂnﬂurm N &
R 135y rreizy < iy %
zﬂ_ o ur < ! ac H T Wo " o ) oy
3 3 g 5 SN m.%o_ Q Bw =
s o uﬁmﬁL u_é?mokuﬂﬁ <0 R = T
G w7 mnﬂe%&iL & e
S ~ mﬂﬁloo — ]ewl,xo T -
o X e_uﬁz) 7§Jx.1nﬂoal < w O n
£ c o Mo Erlw z al do %
2 0 %ﬂxﬂ (Pbﬂﬂ%ge o By )
5 i )%ﬂ@nﬂ aw%&%hﬁ B ﬂ% B
G ﬂHTUTCE 143@0? I o =
™ T zVLT }X_LALE_ o G w ;
S R L 7%ﬁv7w . =3 i
> o 1£(A ﬁfiﬂﬂﬂ} 1o I
’ VR B m ! S 70 o T
n L EEMA auw;ﬂﬁf g3 e ©
> = W B%mo mf "0 EMMH Ho 3 3 hTR o
WW N B 1Mr Wr B <° Nr K EA Mu — o 70 VL =
N - N o & o h¢%a o - =
— T = H%zaﬁ iwx%zw ¥ R N
o oo ﬂﬁomuﬂ ﬂm%ﬂ}m I o <
T o T i T K 5k - M i LA <
ol ~ o) ,.I o ﬂu (\1Xro UT\nr N
Hf F R ﬂﬂqmm 1%;%@@ = AR a
z = ¥ %mwﬂw ws%xq@ J g ©
iy T o (Mta.ﬂga %,rmaﬂﬂ& < Nam”ﬂ ur
o 5 MMWﬂm wﬁ@mww = Tl )
™ N L:;@mﬁu auuﬁMmu_E oo umrﬂ X
i N 3 P x X el B & X o X on
< So o o N mky = O ot ~ .
~ 2 © 3 W do o — AT ol ) = ) o o
N 5 o M RS e in A T el o3
o,ﬂll_a o iE/\ﬂ__.w,ma W ﬂ_uﬂ_o%Xo of
) X o (. " o = = oy
b n = <
o \/,,Ll oz < s 0 N ~ =
S5 N R ® g o
o o0 N -~ B M M qr A o
= _mwo X o = O %
G A y = o W
o " o @ W o X
o3 r 50 P N ol
—_
N ‘Dl ﬂy ,ﬁl =
¥ T =
o
oy

o} Ao
L
<} ']E]
o] =

= o
clmEA (3

o/\],o]x

H ],)9/]

97 =

- 23 — i

=
[€)



ol

%

Him

(=A) A =719, F

B

ﬂ
e

o2 7Igd} (F7]1437]

A z719).

R R RO

)
T+

o A L of] A

!

E}—O

-

ﬁo
B
K

o

A e AFA AW

, ) 7]

5 2
F5A

)

o

[~

[e)
32
R

b

IH

W71 AAZ] A 28

il

o
oF
o

B

0

o

o

AANA G,

Nfo

ol

B

H

o

o

ol

B

A

e

]
—_

o]
H

B, T Az % e

7.

JJJ

gy
o



ol
S
00
ol

A 5

ol

A2 (FAAh e W T A

4,

-

=
=

o o] 2
= 7|4

o

>

AU s oo} gre of

<]

1, A=,
A

-
R

o)
=13
=

=

+

Aol Ay

H

1

7] = AL mAGA, SR AR G Abe] Ay

7] dojzEe] F

o]
H
=
yal

K

o

2}

=5

ol A i

b %= 9ty (27" 8] A=

A olol2E 3

=13
=

gl

A 7] 3ol A
).

Al
=

&+
NP

Qo] AAZE 5

A =

=
.

Z

b A

ks
pul

chep

|
T
=
N
i

A
K

A, =t

)

=4
[}

I

Z

347] A=

X0

ol

A

3t 7140, A1,

(A A7,



d ol §8 & Tt (A9

s

Mo

!
oF
oj

o

0

"o

oF

23ANA G,



M 6 & &1

1
el
ok

Corrigan, C. and Novakov, T. 1999. Cloud condensation nucleus activity of organic

compounds: a laboratory study. Atmospheric Environment 33(17): 2661-2668.

Cruz, C. N. and Pandis, S. N. 1997. A study of the ability of pure secondary organic

aerosol to act as cloud condensation nuclei. Atmospheric Environment 31(15): 2205-2214.

Giebl, H., Berner, A., Reischl, G., Puxbaum, H., Kasper-Giebl, A., Hitzenberger, R. 2002.
CCN activation of oxalic and malonic acid test aerosols with the University of Vienna

cloud condensation nuclei counter. Journal of Aerosol Science 33, 1623-1634.

Pradeep Kumar, P., Broekhuizen, K., Abbatt, J. P. D. 2003. Organic acids as cloud
condensation nuclei: Laboratory studies of highly soluble and insoluble species. Atmospheric
Chemistry and Physics 3, 509-520.

Raymond, T. M. and Pandis, S. N. 2002. Cloud activation of single-component organic
aerosol particles. J. Geophys. Res. Atmos. 107.

Tang, I. N., Munkelwitz, H. R. 1993. Composition and temperature dependence of the

deliquescence properties of hygroscopic aerosols. Atmospheric Environment - Part A
General Topics 27A(4): 467-473.



= of
of ENME SX|d3A EFAFT| 2O F
sish oAt M L Ch
of EIM &2 HES mo= HIEA| 22X
A A0 A T3 SH 2EFAF ] AFATI S B
s{0F et}
=7t sto|= J|2d 7 X0 HEest 22 of
elpSie) B = ZINSI{AM = ehE L




