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Seasonal variations and vertical features of aerosol particles in the
Antarctic troposphere

Keiichiro Hara!-®*, Kazuo Osada?, Chiharu Nishita-Hara?, Takashi Yamanouchi®*
and Masahiko Hayashi®

(2009 4F 12 A 24 H3Z{F; 2010 54 H 6 H3ZH)

Abstract: Tethered balloon-borne aerosol measurements were carried out
at Syowa Station, Antarctica during the 46th Japanese Antarctic Research
Expedition. CN concentration had a maximum in the summer, whereas the
number concentrations of fine particles (D,>0.3 ym) and coarse particles
(Dp>2.0 ym) increased during the winter-spring. The range of CN concentra-
tion was 30-2200 cm~2 near the surface (surface-500 m) and 7-7250 cm~2 in the
lower free troposphere (>1500 m). During the austral summer, higher CN
concentration was often observed in the lower free troposphere. Frequent
appearance of higher CN concentration in the free troposphere relative to the
surface measurements strongly suggests that new particle formation in the
Antarctic regions occurs in the lower free troposphere. Single particle analysis
indicated that most of the aerosol particles during the winter were composed
of Mg-enriched sea-salt particles originated from sea-salt fractionation on the
sea-ice and their modified particles by NO,~ and SO,?. This suggests that
sea-salt fractionation on sea-ice and modification of sea-salt particles were
affected greatly by aerosol hygroscopicity during the winter. Antarctic haze
layer was observed not only in the boundary layer but also in the lower free
troposphere.
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EBE: 446 RAKREBRHBERBNIC B W T, BREAKEAWZ 70y
JVERTE AR 2 PR R AL TS U 72, ON B E O F=HiZ2 i3 B i
KERTIEEDH - 1255, /N (D, >0.3 gm) ~kA (D, >2.0 pm) B F-Hs
BIXERICEL, LRI EL ko Tniz, CN EBEZLOEE, . EAHrTi
30-2200 cm~—3 OHFIFHTEAL L T2y, BHHEXHE (> 1500 m) CTOZEALIE
X 7-7250 cm=? & 7o Tz, O HETE N T, Frii ek £ %
= CN BORENEHHls -, i ETOFRTAERA XY N BRSNS LD
bEWHE T, ik 8RB TSI 8 W IR AR E Tnwb Z
EDRBEND, i, EBRLTOMORREN S, LT, kTR
ZHESBEATRIC L D Mg 23 EHE S M Cw A HBER T £, NO,~ % SO,2- 12
K OEE LR FBE o7z, RO BRI & 5 Mg SfEdsih
&2 OEMEIED, XD T 0V VKT OBRIBREICK & B e UL
TWB ZEWREBENS, Haraet al (2010a) THE SN TWE A XHR
X, BEFUER U TCIER L, HREYHRBTOBHSNSE Ze3b o7,

. U ®I

KRL7 0 Y VRFIEEEY, HEGCREEELZRT 2 LRI Ttws (IPCC,
2007). FERREL Tl = 7 0 VVEGREDME T2 0, EEIFRIC L 5 KIEREAOHF G IZIEYE
WZ/N& WY (Bodhaine, 1995), ¥BFEAYREEIECIRYE (e.g., DMS) I & 527 v VLA,
L ZDBOEEN L TORBEREIC DWW TIW» 2 2ICH#R T ST % (Shaw, 1983;
Charlson et al, 1987; Meskhidze and Nenes, 2006; Ayers and Cainey, 2007), Faffis CoD
7 Y IVERENZ, BEFIEH (69°007S, 39°35'E) (Ito et al, 1989, 1993; Osada et al, 1998;
Hara et al, 2004), Halley i1 (75°36°S, 26°19°W) (Wolfl et al., 1998; Rankin et al., 2003),
Neumayer 1 (70°39’S, 08°15'W) (Wagenbach et al., 1998; Minikin et al., 1998), Dumont
d’Urville F:H (66°40’S, 140°00'E) (Legrand et al, 2001), Mawson FHfi (67°36’S 62°52°
E) (Savoie et al, 1992,1993) 7% ¥ OWFAICOLE S 5 EHI®, F—2A5 UHEMH (77°19'S 39°
42’E) (Hara et al, 2004), Kohnen F:#f1(75°00”S, 00°04’E) (Weller and Wagenbach, 2007),
South pole £ (Amundsen-Scott) (90°S) (Bodhaine, 1995) 7% ENEEDEH TITh LT
Wa, LoLands, REROFERI? SBIROZ 3 FEETOBEIDHL L K> Ty
Tz, INEFTOMEBMIZL E»s, EERERTOYERE (Hara et al,2008) ® L2 TO
PR FAEROTREM (Ito, 1993) MRS N CWwiz, LaLkss, EZETOZTaY )V
BHIGNIFERE TSN TEY, =7 0V )VOZERSHPHERIE DWW TORHE(IZ DN T
1, RIZWCHENZLWRETH 2. MBI TOYENRER - e, BK- 8- YK
D& 5 7%, =7 aY VvosBET 2 KR 0% & 0 BET 270101, #i ETomEk
B AT L CEEOZ 7 a VB ZTTS Z EBIERICEHEETDH 5.

INFTOFMBEZED 7 oV )VERRNC 328 (Yamazaki et al, 1989; Yamanouchi
et al, 1999; F1HIZ 72>, 2001; Hara et al, 2005; Osada et al., 2006), [ERFEFE X—F 4 7
VA vy —(yay vy 7)) (Ito et al, 1986; 4, 2001), R &3k (Rankin and Wolff,
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2002) AEHI N TV, MZEERBIHI T oaBEElE 2R TS 2700, Z{DHEE%
FRFEREICE 2R E8H 5, L Lans, ORI EREML/ A oy b EBFELD
WEEDSLE T2, BHIBENIEFICRKE S 22 L, X M5, 512, IR
TOMZEREBZUPK L2 WERICT 5 2 E03% L, WKBLEL TWAERETTRITh
FEEIT 2 2 Lk TER Y, BERKIKIC L 2 27 0 VIOVBIEITIE, MIZEsEEIH L b TR
HIBE 2 /NS { §2 2 ESARER TS T, Hi E~BRIEREC 2> 1 C A HIBH 72 $ATE S0 A1 12
BT 2BMEB2bTEL, LoLENS, SEREBERKL COBHIE 227:0, AF
TE BT — 5 LB ERTRELYEE (B BORE -KE0A0) OATHY, BHIC»» 5
TAMbEEHER D, REKIKTIE, BRI SER YA v F 74 Y ORSTHIRS A
208, Y VBN HEBNES T2 5, £z, MOBHIAE LTI R b PBEE
ERBWT 2 EWAREE 5. AWIFRTIE, FEETEO 7 0 VIV ORESSME & Z D
ZHizfb, YE AR AR T 2 Z L RHME LT, RESEKEFERL BT o
VIV Tz, 22T, (1) =7 u Y IVoZERGME L2 0ZEHiZE L, (2) kZET
%ﬁ%ﬁ&,6)%%%?%%?@17m9»%@%ﬁ,M)%@«%x&ﬁﬁ®l7m
VIS ARIZ DWW THLET 5,

2. BUH - SH

AWHFE T, MHETEHO =7 o Y VEES OB 21T 5 72012, RESEKEHWT
7oV VBRI R ER L 7z, R SEREBNEES 46 K HAF M BT HIBK (DU, S~XKBK)
1 & EEEIEAEL D (DUF, BERIEEH) N C AV R— b TIT o 7o, FRESERE 4],
Letgst e © OFENE, FIE (2007) 1% kol REKEKEHNE, ZemoFiIe S
i EORPFHORE CFHREE<Sms™) ICHEMT 2 L5, 512 RED RO
(>12ms™) I2lE, [IERES T 4 CETOWREEDS S 2 7: » LR EEFILS ¥, £z,

WCENFET BRI, SERPERTE 2L 0HWEDES I ARk S, =
RO EEkEERTHERTE R o lFic LR 21D,

RESIKICE 270 YV « [BEBUENCHEH L 72 IERE 2R 110R 7, B (CN:
Condensation nucleus, AT, CN)ZEEFHANC X, RIHEEEMEZR T-5HHlE% (CPC: CPC-
3007, TSI %A L7z, CPC-3007 OFHAIMTRER AL D, >10nm TH 5. Dy,>0.3 ym O
70V OBPEE « KRS OFHINC X, AIREDEE R FEHZEE (OPC: KR-
12A, Rion) Z w7z, CPCFHICIX, CN#EE% | MR TiiskL, OPC FHITIXRE
WHIARES IL 8 (238 L) ICSRREROBIBE »Fiskd 2 L 5 wiE Lz, CPC,
OPC D7 — ¥ IZRENED 7 — ¥ u i —Z5idk L, Bl 7 —2 2EINL 7z, F2ED T
70 VR F OE BRI, R SERBH BT Lz 2 B4 oo 8 — (I
FA 720, 02 pm; FEEA 1 L/53) ZHWT, RFFECTHEH LA 37 8 —1F, K&
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R 1 (RREKERBINC B U 72 280 6 L Ol
Table 1. List of equipment and instruments for tethered-balloon borne aerosol measurements at
Syowa Station, Antarctica.

U il RA—H— %
FRBR SR Bk TTB-329 Vaisala 9 m® HAE
BEIYA VT TTW-111 Vaisala
REHEZA > TTL-324 Vaisala
(240# 3 km)
RESERHASRY > T TTS-111 Vaisala TN 2 > 5 — %35
VT R AER SPS-220T Vaisala
VUTRERT VT ) Vaisala
] PSR CPC-3007 TSI 10 nm PA_E K7 T E B0 % 51l
EARL S
Ll ibesv s KR-12 Rion 0.3 pm Ll ORI TH s 2
S 6 ch (243 1F CEHEl
R IR 2 B R ARIOS  EZEQx7a YV VRiTH > 7Y v I fEH
AN T T —
ARy —a<ws R RS A A
ZASHE VE— b
A vy —HIgA NET JI20HS  HARR
AR (72 MHz) plfél

BRETHI SNz TV (Okada ef al, 1997) ZTCICHE L, (RESIREIENC L 72
ERRIC > TWwd, =7 aY vy 7)) v 7 2 EREOEECEEORMTITZ 2 L 51,
MR 2 > o —F GEZER) 2EHL T L»S A o7y —ica~ > N EREE
L, A2 —%24IfTE2/HEEL RS> Tw5, BASKRETORR T —5 (KT,
i, TR, Ea, Ea) 1%, [RE SR OR S Y >~ 7 (Tether sonde; TTS-111, Vaisala)
ZHEA L CEHIIL /2. OPC, CPC, =7 1 Vv A >80 ¥ —HEIEXHR D 7z O FEYIA F 10 —
WO LRFEC AL, [EROK 30 m TR L7z, EBOBH T FKEOH» S, X
LIZRT & 912 2 BORE T 72, 1 BIHOMRE TIE, Tether sonde, CPC, OPC % #&i;
L, EREKRT -5 L7 u VY VEBURE ORI % L7, 2 [BIHORE TiE, OPC/CPC &4
YR Y —EBEBEZTC, RO T VEERERFERL., ZTaY VT v
7%ﬁ5%£u,1@Eﬁ%@6%6ntﬁﬁkmﬁﬁF0@ﬁ%ﬁ%ﬁ%mbf%ib
o, 7 aYNY Y TVIEEEROREEESE I U T, 3~ RO EE THEL 2.

7Y ORI 1Y B0 10-155TH 5, =7 a Y VRiFiE, =y 7Ll
TEM (Transmission Electron Microscope) i~ A 7 a7 ) v R Cx#F LIz an V4 i
W2, A — R IR R i L T AR T IR LTz,
BonHIEEBRE S CENL, R ZF v 8ot —Ah TevicB Lz, @k
DASTZE—=LA T ENVIETF ¥ v 7fTER)EIcnwi, BN (=y Y —FNZ 1 8 MeCl,
WERS) & ANTEARRNCEE L, SBEOTERNC 2 — R U RENHEE L, &
ARV E RS — = 2L ¥ — 8 X 5 HTEEE  (SEM-EDX: Quanta FEG-200F, FEI;
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1 FRATKERREFOBRSEZ(CO—F, 1 HEHORE Tz 7 vV VR FHIREFH 21T
W, 2EIHORE I 7 v YV FORMEERITS 2.
Fig. 1. Typical example of balloon trajectory.

XL30, EDAX) CTIEREHIZL, TTES 217> /2. EDX I3 NEBEE 20 kV CTHAAT 21T
Vv, E— 7 AR 30 L,

3. MR EHEE

3.1. EXBOBERE

B L 7o 22 5B D JB IR 2 Ehie 3 5 72, NOAA HSYPLIT €7 V2L, 5 HE D%
FEENGE A E Uz, TRENGEET T, NCEP Bl 7 — % A L, Vertical motion
mode T, BEFIEEH_[-22 100-2500 m D#EPH (100 m @) TRIE % L7z, 156 /- TR
e (AR AL 77),, R R,  FRCRREN TR 2 & DFRIC 38T 2 C L3 T
E7o, B ORHE 2 LS 2 72, FREME 2 FHE L 72 120 B (5 HIE) o m ik
B, mEfEEOZELEM 2a, bR Y., M2alaRd L9, BAE#O 22 1000 m BT

ICHEAET B Z2GHRDIE & A L1, BABRE A 65-70°S DIFFIC AT 5 2 & 3% &, ok
DR ~HEEER 2> & BAIEH AR I N TWBE 2 e n%hotz, (7, 2H 12H, 16 7%
ED X 5 CHEE D © Ok i3 1000m U EOREETHEICR NS Z %<, 5H28
H® 800-1000 m DL LDOREEETIE, 38°S H7z D h ol s L Twb e bbote, —H, ki
AT AR T D R B D b & [ 2 &, FEAIE E 295 T <1500 m THEED 5 D
FEPHERR SN D ZE03% <, SH19HD X 512 75-80°S H 72 D 20 STGEMTER S NS 2
EMZ oz,

TSI O R B L R iR T 2 7o, BEERL L FERC 5 HEO&KRE « &IESE
% B 2c-d 1R T, AR SERBRENE R SUE S T OSFR TR AR IC B 2 i 9 % 2 tybi‘%
motele, EZENSUEREL, MERIEMATA L Tw» 522588 28I U 7261532 < HER
iz, 6 H28 HOBITIX, WEEB~EEE LZZ (>4000 m) OZESSE EAIEH .22 ¢
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(©
The highest latitude during
5-day backward trajectory

(d)
The highest altitude during
5-day backward trajectory

(e)
| The lowest altitude during
5-day backward trajectory

2005-0305 | puumn
2005-0801 | pum—
2005-1015 | pum—

[

1 rrrrrrrrrrrrrrrrrrrrro1r rr1rr1rTr1i
WOWWWND TOOMNMOMOVDWOWDN (DSI'"-D MO W —
Sl bt R e b I = RN R < B
R S e S e
1 BB wH wH H bW
QOO OoO [= Nl Nl NNl -] [ =N N ) (=R NNl
[=N=NeN=Ne] OO0 00O000 [=N=NeN=) [=N=N=N=N=]
ANANNNN NANANNANNNNNN NANANN NANANNN

2 MIHERE & ERMOEROFE - mEZE L () HAMNEE, S HEOBARENE» 5560
7z (b) BRAEHRE (o) xEME (d) KEEE (o) RIERE.
B VRN X AL 122 100-2500 m O EE (100 m fFE) TR L 72,
Fig. 2. Seasonal and vertical features of relative humidity and air mass history at Syowa
Station, Antarctica: (a) relative humidity, (b) the lowest latitude in the 5-day backward
trajectory, (c) the highest latitude, (d) the highest altitude, and (e) the lowest altitude.
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<1000 m (BEFRJEN) OEEICHRAL TWB ZERBRENS, 8 A1 HOBITIX, FEAIE
H 22 1600 m B O R TR S 7o 225, 55-56°S DR SE» Sk S hTw
7z, &7z, SA10, 19 HD X 5 1cNEEEZE (~4000 m) DZESIRHELEE L Sk SN 5
EICE, FERIEH RT3 B B R T E IS iRA L T L 2 ER L T,

32. I7OYVIIEEENEEHEL
32.1. MK, BUMNLFOZL

312, MHERRE, =7 a Y VEEEOEM-mEL (bR RT. #HETD D,>0.3 4m,
D,>2.0um O 7 0V IVEEEBH (e.g., Ito, 1989, 1993; #kiZ 5>, 2010) Ti%, D,>0.3
um, D,>2.0 pm O FERE ZEA~F T, BICERL R 2FHE(LEZRL Tniz, 20D
ZEIZAGIEH B2 T <, PEFIEM 29 (BRAIREPA 133 1-~2500 m) T b [FIfk D ZHIZAb
DA %R L Tz, APFFEOBIRITIE, WSS FEEN RS, &5 KEDWHA T 2 R
70V VKL TR (D,>03 gm, D,>2.0xm) BHENIL CTWwiz, I E TIlICiEME#T
Es =7 u VVBITIE, £F~BFF O FHIRE RRRICEZ ML <Y,
VEEE < YK © OWFER T OB 358 < 8L T3 (Ito et al., 1989; Hara et al., 2004,
2010a; J/iE 2>, 2010b), HFIFLFLHATHRK (7)) ¥ —F) OHEMEL, HHK
BERNLE L TwAT-8% (Sato and Hirasawa, 2007), SE&E sz 7 v VIV FEIEE
(D,>0.3 ym, D,>2.0 ym) DFEHZALIL, FTROHE &, @EIC L 2HENTFE2EET 5
— KR TOREROEADPKELRBERE L S TVWEDIES S,

3H23HIEYA YEY YA MEHBTEREIS NIz, =7 0V VRFEIRE X, D,>0.3
um T 1800 L1, D,>2.0 ym T 11 L7 THEIIL Tz, AEKDO 7 0 VLD EHE
FIcky, =7 Y VRFSEER L CHR-BUNLIFOBIREEML - D125 5, £F~
BHZWIE Dy>03 ym, Dy, >2.0 ym ORFHEIREIIEMNT 2 2 0%, 27 a Y VEEE
DIE WD © O RSK[D ARG L Tz, —75, SA 10, 19H, 6 H28 HO
BHIBID X 512, XFETHHEPEEH D,>0.3 ym T<300LY, D,>2.0ym TiF<6L" &
EL 2 2Bl bHER S Nz, ZOBFNZE, CNIRE DL LFRkIC, FfRRENEE R22h & 22
SHPFE SN T IRAC L SR L Tz,

D, >0.3 ym, D,>2.0 ym QR THIEE I, FEREWN (L~ 1200 m) THL, Hibs
WETEEAD T 29052 R L T, £, HEURETH T, #hEMHrosEEZmt
LRIk, BIoEL, XicEm 2 2FHEnRonl, LF~FEFOMEKRE N
(Yamanouchi er al., 1999) OFER T, FWRBRICHEMNIEB O 7 0 vV IVEIRE S E0
LWz, FERIC & O ¥R I o = 7 vV OVRL P S IERIE N R 22 At S
I b, BEMGHEEO L7 0V VR (Dy,>0.3 gm, D,>2.0 um) HIRE b
TRMHEANRD Tz £ FZ 5D, ZZTD D, >0.3 ym OFHBREE 3, #1 AT & B H
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H3 (a) MRHEEE, (b) CNEORE, (o) MUNEFHIRE (D,>0.3 xm), (d) AW FEGRE
(D,>2.0 gm), (e) Junge A 0 — 7 DZH - EEZEAL,
Fig. 3. Seasonal and vertical features of (a) relative humidity, (b) CN concentration, (c) the
number concentration of aerosols (D,> 0.3 um), (d) the number concentration of
aerosols (D,> 2.0 um), and (e) Junge slope at Syowa Station, Antarctica.
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B NERCIE 103 LY Fiife (BRI 100 LY & TN 725 7248, BRI BB il M T
1L BTHD, BRIENTIR 100 L B2 o7, —H, D,>2.0 um O HIEE TIX
KZ D HHREET 1-100 L, BEFUENTIE 4-200 L' O#IPATE - 7248, EFD H X
BTix<I0L™', BFENTIZ2-30L 7257z,

70 Y VR ORES AT (DR TEMT 2 2 B TE 2% (Junge, 1963),

dN
dlogD, 1)

— e

() RFD g IZF NIRRT (D, >2.0 gem) BIRE DB, H 5 W IFMUINGET (D, >
03 um) OEWENEOIHICKE RERIND, =7 a0V VKT ORZES /NS — > % Hig
T 5720, (DX Junge Au—7"(B8) b iz, K3ell g DEESL X UFHZE
oLz, M 3e Tk, p<0 x84 H23H, 6 H16H, 9H4H, 11 H3HWK
aneH, TNEEPHEL COLEEICHEL Twie, BEBNTIE T a Y VT O
HABIC X0, VN TFEORE L0 AR FEAREN G o 7270, <0 Lixo> Tz,
EED T — ¥ 2T, BRI 220 g 13 1.5-3.0 OHPFTELL Twiz, 545 KB
WUZEREEIH (2004 42 9-12 H) T, 2500 m A TFOFEETD g1X 1.6-5.3 Th Y, KHIFET
Bonl-fEL gL T2 EDOERE 57z, 20 BEOEWE, FZeEENN TI3RIT
%@ﬁﬁﬁﬁ# WZkE, RERWVAAO»SHRE TOMENRL 2o 352820

W, ERTORTIERICED, HEOKSLRT 2N L Tws 2 LIgiER L T

W5DIEAS,

H H 3R TS (> 1500 m) TO g 1%, E~Fk (1-3, 11, 12 H) T 2.2-3.2 (FPfEfE>2.5)
7otz L, &~%F (4-10 H) Tl 1.5-2.8 (FREE<2.5) 72572, BEFEAN (<500 m)
Th BIFE~CE L (8:2.2-2.7), LWL 5 (B 1T 24)HAERL TWwWiz, £/, H
HN R N8R & LR CEER BN D B 13 &> 72, B OMEZEALIE, HAK FEUEE O#E»
EXRLTWS, 72, g OFEHEE, LFOMAR T HEERT) 0¥ RO
EYREFFCIRO H,S0, = F s &3 2 “ KK F ORI E BHEICBRL TwbD725 5,

L2 g DEMEL 2 2 EAD D 205, BT TEL %% (8<2) Flnsdb -7z (3
H23H, 4410, 23H, 6 H16H, TH22H, 94 H). 2hs08#EIHIEE, 71 Y=E
YRFZANPEHBATEHE S R G H 23 H) ®, HMEESEVH (M 3a) @xHiEl,
ZETIRNE KRB BRI VBRI S IBRIESATRA L Tz, g O 1, AR T O3
(R T OWA), EEEE T CORFEER RN, 514 YEX NS A PORETD
FRE > Twd eFz ohbd, MW, £ gE» N 261&5 H 10, 19H, 6
A28 H, 8 H 18 HIZBHl s 7z, T ORFOZEEIIE, NEIED S Ot L2250 o TREL
Twiz (B2). Hik L7z & 52, 22 TIHEAR FEUEE ZEE A L Tniiz o, K
BE_EZHEIFRO R TIE gESEIML Twic k5 TH S,




740 JRE—HR - RHAGE - FEHETE - 1L 26 - Ak Bz

3.22. CNREEOFHIZAL L RE S

X 3biz, CNEEDOEES X UFEHELER L, Bl S @ EHEE (1_E~2500 m)
TlX, RE»E, BEICCNRENE L, LB R2EAREONTWS, 202X
R TRl S T 2 BT CN BEOFRHZ (Ito et al, 1993; Gras et al., 1993)
EIFHC IS =BT 2 HR &> Tz, X CNRENED 3 2 AR H 2 DD, &
BIHIGS R 2 g 9 2 &, # B0 0 CN #REE 1L 30-300 cm =2 O#IPH T L L Twic, £F0D
CN BEZE, ZEROBRE (K2) & LRl Twnlz, KEEHID & K&k S s
B> CON B I3 <, KEWNEB~EEESE» 5 KEDIHE SN BB, XFXBVTH
CNBREDHEIL Tz, #i ETo CNBEEGENIT Y, (KT S FRFRC I
CN EENZEL LB, £FTH 500em= 2BIFINLIELIEHERSA TV Z L LR
=82 (FiEH, 2010b), AWHFEOMREKERBM T, EORS 22 FRERICEM 2
FEHL TW B, FHRICE Y BEAZEERRRERTOL Y v VRFREDEE TV
Z e, TEEED o BN AEICHX S N o7 0V IVEEE S E WGBS, KIERE
BRCHEE AR SN T2 2 ERA CNBERMOBERE L THEZONS, ZOLS
BEGNE, W ETOBE (Hara et al, 2010a) 72 Tx<, FETHEHEISATVS
(Yamanouchi et al, 1999). 7z, 1| H Fa~3 H, 9 HdACiZ B AN FE TE (> 1500
m) T CNRESEVENEM S 7.

K412, ARNOEEEER TCOBRERLERT, WThOEEHERTLE I CN EBE
DL, ZFCEENMEL & B HEADE S LT\ e, Hi E~500 m OFEEFER T, CN
1 30-2200 cm—2 D 2 HIEFOHIPHTEIL L Tz s, HHERRETRE (>1500 m) T,
7-7250 cm— & 3HTOFPTLEAL L Tiz, =7 0V VR FEOEE % /2 &, 2Z0 Hixt
TR IR CEEARBE T 22725 9.

1-3 A, 9 Hicid, BHFHEETE (>1500m) TO CN REE M E~FREN & T
FlEoTwiz, M3bTrLIESC, 1H20H, 2H 12, 16H, 3H14H, 95 17H
128 CN BEES EZZICHB L T e » TH 5, 5 CN BEDHER S 28025 01Z
WHERI» SHEIN TV S Zen% < (K2), WEEREEO =7 v YV IVHTEKYIE 2B R
LI FAERIC LD, F220 CNRESEMNL Tz eFzons GHlld 3.3 8tk
£33). FZom CNREREIR, 1-3H, I HeBlHlshTwizh, Ap5ETid 10-12 5
WIS e o7z, 10-12 HIc@il U7 225300, W & Ot clxz <, HE~
WD SR ST Wicle®, WEFAEYNEEIRIR L% 2 Shd =7 v Y VEIBRYE ORE
DR AR 2 T &FIET 2 IEEEm L B o025 5, Osada et al. (2006) 12
Xz L 227 Y VBT, LEOE CNEERIX I B bERShTwiz
Z s, AT 10-12 ACE CN BEE L 22 TS 1Lk b o 7o mld, ZEI R
TR, BEROBREOECHELREREEZ SN,
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Fig. 4. Seasonal variation of CN concentration at each altitude.

500 - 1000 m

CN (D,>10 nm), em® CN (D,>10 nm), cm® CN (D>10 nm), cm™ CN (D,>10 nm), em® CN (D,>10 nm), cm™®

-2 O CNRBEZ LI SBEASNRED LS 1, 2EEHEECHEFIGIVIRE R
o Twiz, BEZF0D CON EEOH—RREIR, EIiE (~5000 m) £ TEREIS LT
(Osada et al, 2006), HZFED X7 v VIVHIERYIEIE, FICHHEEYRES) L D KA S
NTWwWab7z® (Ito et al, 1993; Meskhidze and Nenes, 2006), FafxNEEES 22 Tlx, =7
O Y OVHTBRYVE O PR IR & TR, 2079, PEEES CIRFTR TERAE D
1<K, AED SR IS 2E[ICIEE CNIEEEIHEL Thihho7zDi25 5, =
70 Y VKT OREREDE L, RN 7 a0V VR TOFEGBEDIZZDLT VI LR
EET 5L, MmNEL EETRIEECIBAESRLTURREZO» S Lz,
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33. BBfEM FEDE CNIEEE
2 46 R RITTEIARIR © 27 MO RE KB O A, 5 RO (1 A 26 H,2 A 12,
16 H, 3 14H, 98 17 H) CHEMAEM F2ET CONBEOEWESHER S Lz, K51,

CN conc., cm™® Relative humidity, %
102 108 10¢ 0 20 40 60 80
3000 TN RRTTT AT | 1 1
—+— 0.3-05pm 2005 Jan. 26 *  Potential temperature
+~ 05-0.7pm 2500 7 - Relative humidity
+— 0.7-1.0 um
10-20um | E 2000 T
——20-50 pm | & 4500
*— 5.0 ym =
CN(=10nm) | £ 1000 -
500 —
0 -
10110°10" 10210 10* 420 2 4 6 8 10
Number conc., L™!  Potential temperature, °C
CN conc., cm~® Relative humidity, % CN conc., cm™® Relative humidity, %
102 108 100 20 40 60 80102 10° 100 20 40 60 80
3000 (IR T R R R T 1 | | TR ERETTT| B A WA AT | | |
2005 Feb. 12 2005 Feb. 16
2500 — — — =
£ 2000 — ot L 7 N
'3 I
B 1500 } - p}
= = -
< 00 P - .
500 | % - -
0 : e i B B
10110° 10" 10210°10*2 4 6 8 1010'10°10'10210°104-6 -3 0 3 6 9 12
Number conc., L=' Potential temperature, °C Number conc., L™! Potential temperature, °C
CN conc., cm™® Relative humidity, % CN conc., cm™® Relative humidity, %
102 108 100 20 40 60 80107 10 100 20 40 60 80
3000 IR A RR T 1 1 1 IR T MW AT 1 | |
2005 Mar. 14 2005 Sep. 17
2500 | - B B
£ 2000 | -
]
3 1500 — -1
< 1000 | —
500 — -1
0 T T -I e T 1 T T T T

10'10°10"10210° 10*-5 0 &5 10 1510710°10' 102 10°10*-15 -10 -5 O

Number conc., L~! Potential temperature, °C Number conc., L=! Potential temperature, °C

5 FRAIES 2T ON REEPHER S RO =7 v VOVEURE &, HNRE RO $E
Vagiin
FHENEE CN BEECREESBAR L 2> TWw i EEERT.

Fig. 5. Vertical distributions of the number concentration of aerosols, relative humidity and
potential temperature in the case of appearance of a CN-enhanced layer over Syowa
Station. Arrows indicates the height of the maximum CN concentration in the CN
enhanced layer.
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fm CN REESHERE S NI HO X 7 v Y VERE OSE GG 2R3, — I, CNIRE X
JRATEROFERZ I IRICE L SIS 2 2 L0835 255, (RESERBIIERRIC 13220
FATREBS LTk oz, 12 A FAICIRAE -WEBRE D20, BHEL (Lot
DAY a7y —ERENED, RITEER200E 70m) AT Ths, £/, LZET
& CN EEESEHH s NI HZEAY a7y —oEfARshCoushroz, DE»s, K
S5WRLE CNIREE O, BANGROZEIIZT CHiEwERRE 57255,
AR TIE, RZECBElshE CNIRERIE, E -2 A) wEhL TR n, %G
H), & OH) cbiERI N Tz, & CNRERBT OB L, 1400-7250 cm~ D #iPH
7257z i T CN EEIHITIE, 2005 42 H O CN JEEEFREIX 450 cm=2 TH 1, 90%
BHIZ 2 CN 7T =213 1000cm3 LAF7Z 57z, 122200 CN BT CN #EEX, # Lo CN
BREOBE~ ML LR WEE 572, & CN REE P HER S 7z & I3 1300 m-2000 m T
BHY, HREE, B, D,>03 um O THIREOHREZL L KT 2 &, & CN EERE

FREEEAN TR L, HENFETEICHRL Tws L5 Ths, S512, EZEDE CN #
EREE (5, RH), BT (U« HRRT) BORENEL AL T 3 HEETE
HE Tz, 545 REKOMZHEEIITH, CON JBI3 B FRIEE R L Tv 3 &
(1700-2200 m) THEFH SN TW7z (Osada et al, 2006), LA s, B CNEEREIEILAE
WIFBHI ST, FICHEFOHETE T, BN FEREORVWEE THEL Tw 3
LWz 57255, Pirjola et al (2000) ZETNMICL D REFED V5, FlO LS LNy
7770y NHITIE, WrEsRE (MBL) WX D & 122 (HHESSHRE) O 2 BT
BIRE I3, =7 0 VEERE (eg, H,SO,) DIREENHR AR 2 2 372D 0
FIFRARICE L T W I L AR L Tz, RFFE TRl L7z CN J§ T b BEER 40
XA LB Y, BAIEM B2 B L 725 ON IRE 3R FARBIR L BIfR L Tw
EFEZoND,

& CN REESHER S N EEOESHOBRE LRI T 2 12012, 5 HIE OB R
DOFEEFER L7z, K612, CN EXHER S L HOBR G R 2R, BIFICRETRL
TermBEZALIE, & CN BEESHER SN EEOTRBMITH 5. 1| H 26 HOHBFI 2k X,
= CN REBOZESIEIE, 52-60°S OWEE (LA 2 & BEFIZEM FZEAFRWA L TE Tz,
1 A 26 HOHERFITIE, 5 H X AN S s AR S TW» AR H 5.
FEI, 8 HIE OB A TREMEO N T, 55°S fHEDWE L, & OWMAVHER S iz (BRIRIE L
TWwiew), & CN REEIHER S - ZSBLOME MO 26T, ¥EsEE (MBL)
»o Q% QH 16 H® 3 H 14 H) &, HHWWRE THE (2000 m §it) 2> S Ok O
FDSHER S Lfz.

HZEORRIG O WK F IS T, WP oEMEENC X v =7 a VYV VEIBRYE
TH%DMS (P XF VY7 7 A R) (Inomata et al., 2006), H,SO, # A% CH,SO,H #
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be * | (a) Jan. 26, 2005

-
—~

c) Feb. 16, 2005

6 = CN REESHER S RO TR (a) 200541 H 26 H, (b) 23 12H, (o) 2
Hi6H, (d 3H14H, (o) 9H 17 H.
TR CN BREEFE O WRMR %73 37,
Fig. 6. 5day backward trajectory in appearance of CN-enhanced layer: (a) 26 January 2005,
(b) 12 February, (c) 16 February, (d) 14 March, and (e) 17 September.
Red lines indicate trajectory from CN-enhanced layer.
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Z (LAF, MSA) (Eisele and Tanner, 1993; Jefferson et al., 1998b; Eisele et al, 2008) 73
FREL RS> TV I ENINETOBMITHEON Tz, =7 v VIVHIBRYE 2 B2
WD - PEB S L, IERIEEHE B2t S B & TSR TR &, CPC OFHHIATRER:
2 (Dp,>10nm) FTHERL TWE I NSNS, AFFETHEAL TWws CPC OFH
ATRERIFRIX D> 10nm Th 572, CNEE L L GGl 21213, ¥W—EBRIC & 25T
B FAEREZORE (D,<2nm) 25 D,>10nm £ THREZ L T ARThiEZ S, M
MBI P U C DR TR DS, IBAIEM EZ20E CNIBEREOERNTH 2 7201213,
FHAFTHERIE (D, > 10 nm) & THET 2 RSB H~ 1 EMMNIEH 2 2 E D525,

BRI C O FER O 2 HLZT 57-9, HATF (D,=1nm) 25 D,>10nm
LB OFTERO AL 0 2384 2. Kulmala ef al (2001) 12k 2 &, K TFOKE
HEXQRTRT I ENTE 3,

dr _ myBaDC @)
dt o) .

Z 2T, v IFRTEE, my RIS LSS 0 A DERE, o ISHIIERE, D IZIEEUREL,
p IRTOEETHL, G RNTEZLNS,

fn= - 3
0.377K,+1 +7a*1Kﬁ+7a*1Kn
Kald7 X v X 8T,
Ko=2, (4)

EREND, A FFIEHBETETH S, NFEER b r AZET5E LT, Q=X%2HE
STzE, O)ROES12%2 (FENE, Kulmala er al (2001) ZZ).,

2_ 2
p{g%ffo 623>A(r*T0)+0 623121‘1( AH >}

2 3 A+r
AtDmV (5)

C=

22T, CIIRTFAEHE LS 2 iEIAD ARE %, o I3HE2EHE%E (Mass accommodation
coefficient) /"9, Z T TIEFRF ORI ro=1 nm &ARE LTz, EFEmME R FRE
WICEH & 7% 5 4 A (Condensable vapor) & L Tl%, H,SO,, MSA 1Z/jiZ (Eisele and Tanner,
1993; Jefferson et al, 1998b; Eisele et al., 2008), A bR I N T3 (Meskhidze and
Nenes, 2006). L2 L, BEST A DO TITREELVAVEEF>ED LEWENE WD

TR ICHS LS % S KkS> (Condensable vapor) 13, H,SO,(g) & MSA (g) D& & 1K
JE L7z, H,S0,(g) % MSA () D o BIEFEREIZTHTHY, a=1 T 241, RHD
H,SO, (g) DEHIFE R & OXIEH» S, a 13 0.5 FEE LE L T 24 (Eisele and Turner,
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1993) 4%, ZITlE, a=05& a=1 DMADEGEIC DV CHTAKMZ25H L, B
FOIFAIER E22 0 TE B TOR TRES RS 2720, 1REEHIPHI: TR0 & #iHH
(253-273K) k L7z,

HIBRAAR A A YRR &, KPR O AR OBIR 2K 7 10Rd., K7 (b)) @rRT L1,
SRR FORERBICIE L A SHEL Thiahro Tz, [EDEW B2 TRy E TR
DBEL %570, MTPREREAETEL &> Twz (K7 TF). H,S0,(2)° MSA (g) DiE
FEEIANZ, Palmer M (Jefferson et al, 1998a, 1998b), South Pole F:ith (Mauldin I et
al., 2001, 2004; Eisele et al, 2008) T{ThNTH Y, H,S0,(g) £ MSA (g) # &L 7214
#iPH X 2 X 104~2X 107 mole cm™2 7257z, HiEkfEA X (H,S0,(g) & MSA(g)) IEH 10¢
mole em~® B ORI, 10nm  TORFAHEKIC 100 HLAEES 2 &0 5 BHER TR R
BFECR->TLE S, —FH, MBHREER COREE (H,S0,(g), 1.61X10°mole cm3;

a=1.0

1000 —

z 107 253K
o ]
g 10-
[ 3

4 - 1000 hPa
0.1 T I'\'\IHI" T Illrll\l T T II\I\I‘ T
104 108 108 107
Concentrations of condensable vapors, cm™

1000 —

3 —e— 1000 hPa

] —v— 900 hPa

. 100 800 hPa

] 1 283K 700 hPa
g 10 E
= 5
13

0.1 ————— o ——

104 105 108 107

Concentrations of condensable vapors, cm™

X7 #HhiT (D,=1nm) HSKE 10 nm PA ISR T 5 72 D I LB R & 4 A o B
Fig. 7. Relationship between time to grow to D,>10 nm and concentration of condensable
vapors.
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MSA (g), 9.5X10°mole cm=2) (Jefferson et al, 1998a, 1998b) Ti¥, a=1 OHd, 1000
hPa T2 HFLE, 700 hPa Tid 4 HIRE, «=0.5 D&, 1000 hPa T 4 HEEEE, 700 hPa T
X7 HEE ORI E 20, WIENOBE T L BTN & #EE S 11 2 S i #ipH
W E > Twwiz, & L, Meskhidze and Nenes (2006) 257R U7z & 512, BE(LEW%:
FEEPERICTFG L TWE0THNIE, LV FEIHRTFERPEERET 2 2 EWAREL %
%, Uk s, BEMEH FZECHl S e ON B, FEBn R CoFki T4k L v E
S N TW I HREE IR ISR W C LRI I L B,

5 46 RBRBLAIEARIH I, B CHAR AR FAERIC £ % D, <3 nm 2 5 ORCFEER (L
LI, NFrREE LIRS ND) BHERESNIORbI» 2B Th o, £, EEM
BRI TOM ET 7o VB (Lo, [Foru7], THBEA, MEEiLl) <
b, WEERETE THR FAERIRRIE S Lz fX X & A £ 725 7z (Nishita-Hara et al.,
private communication), X 3e T/RL7c Xk 512, LZETHEAIS 2 CN JEO HISHEE =%
5L, H XD BESEE T CRA TR ARSI > T0wd 2 0
2%, %72, 93 17 HOBHEITIZ_EZZ 1600-1700 m 1T T CN EEENE S LT wiziz
», [/&E (L S OFik) ¥ 2E, HRYESEFRILE T 20155 O
b2 9 AL, FEERREE EETOHR AR R E RO 27255, #ETO CN#E
HITH, BENSHENLEAD 20139 HE» 57257, ERTERL PR TR E 25 0
DO L T &, BERIIHA L %2 CN OFHZ(bEZ b6 L TW0wE EHZ
5hb,

KIFFE, BERIEHCOESEBHTE 5 1208, WIEEYRES), Fhi T4, BhEmS O
BORRECAEMER L, T a YV EN LSRR E R S ST 27001, LY
WK, KR ETOZ7 YV ORE « ZHSsAEN 2 £ L, FlE O»A TS
ZENEEERD,

34. ZEWHBETHICHEET 2RKIT 0/ LORESFHE

4 81z, 200549 A 4 HOBHITH S - Kk, RS, =7 v Y VEHRE OES
fizmd. i BB OBHIERE L, £ OHERLH E~200 m 12 7 54, 200-1100 m 5 E
E CTORIRIE EZEALTIZE T2, A NEE IS 2 #2355 72, 1100 m AT O
ETOARZIESLIZFN 03 gkg TIERIF—ETHY, RRBIEBICISEEShTWw
LEzZoNS, BEREEE (850-1050 m) ICIZEASHE L Tz, #I B S 1000 m O EE
TORUN « KRR FRGRE L, 20T IE SR clms 2Em 2R L vz,
B9z, &EETONESMERT. FICHRFEHO =7 v Y VEIRES ML, H
SRR ORI & 2 =7 0V VKT OPRER EBRL T2 2 eI »h32 5, AZFF
IR RO N ETE . 7 vV OVEL T O R E & BT 5 - o1, RTFIREERE K
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Relative humidity, % Junge slope
30 40 50 60 70 80 90 100 0 1
2500 : : . : : . 2500 .
*  Alrtemperature .3-0.5 pm
= Relative humidity .5-0.7 um
- 0.7-1.0pum
2000 — 2000 - 0-2.0 pm
.0 - 5.0 pm
—e— >50um
Junge slope
€ 1500 - 1500 -
) -
© p
S g -
=
£ 1000 - 1000 =2
< r—*f??
> & ;
500 - 2 500 - ] }
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. 1o
0 T T T T 0 T T T —T T
30 28 26 24 22 -20 107 10° 10" 102 10°® 10* 10°
Air temperature °C Number conc., L™

M8 9H 4 HOSKE, MHMEE, =7 oY VEJEE, Junge 2 U — 7 DHE L.
Fig. 8. Vertical profiles of air temperature, relative humidity, the number concentration of
aerosol articles and Junge slope on 4 September.

FEL, D7V NV TERET - 2FHAL 7o Y VARIRE 28 H Uk, REHES
WEE (37%) TORREE2HEMEL LT, =70V VR FAREEE Ol ERD 72,

B 10 12, 15 5 AL 7o AR EE b & AR EE O BEMR 2 7~ 3 AR O A 3 2 R BIR LI,
BB TRk T ORI Tl wicw, RIEREORE#RIC & <S5 “Growth
Factor” & BUfEIX 5875 % %, 5 BUREBO KRR 7 1 Vv OFEIR 2RI FHE % Kk % &
R 27225 AERRES 50% LUT T, MEREIR 14 IT TR A EZ(ERR SN
5 9p o Tz, MR DS 55-60% TR LR 2 1IN 2 108, FHXRRE 65-80% Tl
BRRE LAY 8 BiIfRIC £ TEL Tz, A AEE SR onTws 25, 9H 4 HD
7Y vk OwIf#E S (DRH: Deliquescene relative humidity, AN, DRH) % 55-60%
TR L HEE S NS, BENTIE, HEXHEED 90% 28 2, KRS X D AREE LS 1236
WETEL T,

IhEToO7 Y VKBRS, LFOBAEMTOL Y 0V VS E T HEER
5 (f: Na*, CI7) TH2IEMNRINTWS (Hara et al, 2004, 2010a; FI1E4>, 2010c).
UL, ¥HER T OFERSD TH 5 NaCl Rk &5 A THICFE U - R T O DRH X
75% Wit TdH Y (Tang and Munkelwitz, 1993; Wise et al, 2009), <@ &7z DRH (55
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Tethered Balloon
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Fig. 9. Size distributions (dV/dlogD) of aerosols at each altitude on 4 September.

Sep.04, 2005
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Syowa St. Antarctica
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10 9 A4 HicBE S g & =7 o YV VR IRE O BR
I7 0 OVETHIRE IR, R E T/ & 7 ARRE 2 B I L TR e,
Fig. 10. Relationship between relative humidity and ratio of volume concentration to that at the
lowest relative humidity on 4 September.
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-60%) DEEAKE S HEix>Twie, KRR 7 0 VY WVHIZIEE LS 2 YE CHMHRE Y 50-
70% CTHEfRERE 2R T E 1L, NH,HSO, (DRH:40% or 66-76%; Tang and Munkelwitz,
1994; Colberg et al., 2004), Ca(NO,),*4H,0 (DRH: 50%; Kelly and Wexler, 2005), MgCl,+
6H,0 (DRH: 33%; Kelly and Wexler, 2005), Mg(NO,), *6H,0 (DRH: 53%; Kelly and Wexler,
2005), MgSO, (DRH:ca. 55%; Zhao et al., 2006), NH,NO, (DRH: 61.8%; Lightstone et
al., 2000) % EWRb 5,

W & =7 0 VIOV OB 2 K 272012, EZETHE L7 0 Y OVk T O]
R T4 % SEM-EDX %W TfT- 72, 9 H 4 HORESEBH TS hic =7 a Vv
RE OB T T, £2IWRT LI, MNET, HART & b IR T2 0
Eotz, M1, B 12 cgEk P ot (Na-Mg-Cl & Na-S-Cl) 79, 11, 12
O BHEEMNIEAHEILZRT. K 11a, b &£ 12a-c OJKEEANE, Na,SO, OFHEKI%
A, B 11a, b ¥ 12a-c DBERRIZ, SO,2- H 5 id SO, Ik D Cl u R X 7Rk
FWEmAE CH 5. K 1le, d £ 12d-f DIKEEENZ, YEER T2 5 Cl 23582 HE LI
OB R R, BERNX, MeCl, OfRktbE /R T, KF o HEH—KEEAIR ORI,
BEIERLS (NO,~ % SO,2~ 2 8) 12 X D Cl u AHET L 22 b Tiamis 2R L, R
— BRI OB, EAHRLEOR T £ MeCl, D3R 2210 S ¥ - OLE iR 2R
LTw3,

B 11a, biZ/Rd & 5100, HARMEEN FIZAEHEAZICHML Cnicld, 1L A LD
WA T TR ClOARBEETHRY, HIVEREETHTHITLLbTFLTHE I ENI»
M2 %, 860m OFEE (M 11a) T, 600m ([ 11b) &~z 3T, Cl DTS
INE L 7 BMEERT bR S iz, Cl OJRFEILOWAITH L, S DRFHILIIRE (A
fELTwunZ ens, SUANDOBMERSST (NO;- %) 1252 CluiAh#EfTLCwns &
FEzohb, —hH, BUNET (K 12a-¢) Ti, CloARHHBRIZETLTEY, ClOFET
BILOMEL % 212 Doh, S OEFHELBEENINL Tz, ShTF ORI TR L 7o
RIS L Tz 2 e 6, SO2 H 5 Wik SO, 12 &Y Cl o AWHEST

F2 9 H 4 HiHEMEM FECHEI N T v Y VRFOFERE
Table 2. Relative abundance of aerosol particles collected over Syowa Station on 4 September

2005.
Altitude : 200 m : 600 m ; 860 m
Size | Coarse i Fine | Coarse i Fine i Coarse i Fine
i Nodata ; N=109 | N=50 : N=104 | N=53 | N=123

Sea-salts No data 85.3 100 73.1 100 44.7
Wholly CI depleted No data 3.7 0 5.8 0 13.8
sea-salts
Sulfate No data 11.0 0 20.2 0 38.2
Sulfates containing K No data 0.0 0 1.0 0 2.4

Sulfates containing Mg No data 0.0 0 0.0 0 0.8
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11 9 H 4 HiZHE SN FHRO 35 (Na, Cl, S & Na, Cl, Mg) DOBE%
B RN YV 7 MK 2, BERNE MgCl, O %2, Kt ENZERIER S & DK
T, YR T 2 & Cl 5ERICHRA L REOMR LA R, HEER—KEEAR O
PRI b ERRINC Cl v ARG ET LR OMKRZ 2~ L, HEEM— 22RO
WS, ¥R & MeCl, D4R 220 L e Db aimii 2~ 9, B 200 m THi%
SN ARHIR AR FROREME L, T TE Loz,

Fig. 11.

Ternary plots of atomic number ratio (At-%) of Na-S-Cl and Na-Cl-Mg in individual
coarse particles collected at each altitude on 4 September. White stars represent the bulk
seawater ratio. Black stars indicate the ratio of MgCl,. Gray stars represent the ratio
of aerosol particles when Cl is replaced completely by other acidic species such as NO;~
and SO,* from sea salt particles with the same bulk seawater ratio. The dashed line
between the white star and the gray star represents stoichiometric features from the sea
salt particles with bulk seawater ratio to the Cl-depleted sea salt particles. The dashed
line between the white star and the black star represents stoichiometric features from the
sea salt particles with bulk seawater ratio to MgCl,. Because of the lower number
concentration of coarse particles, the sample of coarse particles at the 200 m level could
not be analyzed.

LizeFEzonsd, M1, B 121Rd &5, HPEEORE W L2 TR Cl 0FE 0K

MR F2% 0 57,

Z O Cl u XDEES 1L, Hara er al (2004) TR - L D12,

HERTOERERBEETOABEI VLTI L EERLTWEDRES S, NaNO, ®
Na,SO, ® DRH I%, Z#Z4 74.5%, 84% Tdb Y (Tang and Munkelwitz, 1994), 10 T
BonTouEHE s RS BL>Tw3,

T INEERL T & MHRHHERL T DI & A E28, ¥E/KHHREE (B2 & HE L T Mg OF]
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Fig. 12.  Ternary plots of atomic number ratio (At-%) of Na-S-Cl and Na-CI-Mg in individual
fine particles collected in each altitude on 4 September. Symbols and lines are the same
as in Fig. 11.

EHE LR Tz (K He-d, B 12d-f), FRUBERTH O Mg O JFHEITHT 19%, 4
/INEEHERE TR 0D Mg O JFTFEEIE 60% DLE & 75 2 1 b HERR & L7z, BERIZEM 0 & 25 1 B
NI HEERLTE, WEKERSIIC Na,SO, « 10H,0 23484k L, FHEK BINHEIT S 2 729
(Wagenbach er al, 1998; Hara et al, 2004, 2010a; J&iZ %>, 2010c), ¥#EKEL & AT Mg 28
B Lok 2 2, K 11 T S 7 FRYBHERLF O 4346 1%, YRR & MgCl, D b
ik (K11 O£ - Tl Twie, Zo(b¥ERGE (B 1%, Akt z
Fr O psr HHHET T & D R %I MgCly I L T RO B 2L 2R T 72 8, LK
RO Mg i3 F 12 MgCl, TH 2 Z R ans, £z, XFTB o NI ER T
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PO BEEA 4 >) OHEE3EL (Hara et al, 2005, 2010a), 9 H 4 HOFITH H F
FHECHHERLFH D S DEIEEN -7 2 L ZHET 5 L, dkd o RIS S hiciE
R 71X, MgCl, DEIEWEWIHER T X>Tnwa 2 enFEzon5, Lirl, MCl,
O DRH X33% ThH Y, K10 ORIRFFEEFHAT 2 2 L3 TSRV,

Wise et al. (2009) 1%, ¥gAkm & N THAE S W 7R T OWEZ L TiE, DRH OfE»
Mg #i45 DRH O W (FE4HE NaCl) O FEFICEIfE L 72 RIHOREET) FET
%2 ERmUTIz, Mgl (MgCl,) 2NBHE S fL7- ¥R 7Tk, Mg s 9 ifEL, A+
FHENCHR U IRETHEE LSS, i L 7- Mg i & BB (SO, % k22 b))
DG L T, MgSO, ® Mg(NOy), BTERE L TWw 2 ATREMED H 5. MgSO, @ DRH 13 40-
60% (Wang et al., 2005; Zhao et al., 2006; Dong et al., 2009) T»H YV, Mg(NO,), ® DRH
1% 37-48% TH % (Al-Abahleh and Grassian, 2003). fUINEBIERI T D% { 2% SO,2- TZ'E
LTWwiclz®, K10 TORBERE I IE MgSO, DBt A E 45 L TWw5H]
MDD 5.

RB~BZRBINFEDO L7 0V I)VOERSGHHER T TH D, ¥EEHES BT D 2
L ZITWB (Hara et al, 2004, 2005, 2010a), ZF~HF DGR 71213 DRH O
K Mg HEHNRHE L T 5729, MoK EOWES RIS 7 1 Vv OB E S
¥ (CCN) & L TORENICEBECEEL TWwa ZENRBINS, 72, LZFTITIE SO,2-
WX BHER FOREIZIZTEAEH#EA TR WS (Hara er al, 2005, 2010a), DRH @
K MgCl, THEEL TV ZENTFHEND, 2D, LFTIIX 10 OF L D b B
WE A, CCNRNDWE B> T AR FE 2 S, =7 u Y VRFORRRRIL,
CCN L LCORENRZT TR, TH—RISCKRERZEL5 2579, RKG(LF LB KR
ELBELTVS VR B,

35. XEFWNRBTETCOI7 O/ VEEEENE *DNEST

EA~FIWCDT T, HEAE TR AA XBEBBHSI NS 2 D5 (Hara et al,
2010a), ~A XBREFIZENITE 2 Z L30Tl d, ~A REHRED S5 EBZ IR
HEHOTZ7u Y VBRI ETE 1425 ->7- (200545 H 28 H, 7H 22 H, 9 H 30
H)., 22T, ~A RBEFRHFEOZ7 0 VIVERISHIZOWTERT 5,

Hara et al. (2010a) 1%, ~A ZHEHED—>D L LT, =70 VIV THIEE (104 L1,
D,>0.3 ym) 2wz, HiETOY v VEGRESEGBIHR R~ 5, SH28H, TH22
Hid~A ABIRE ¥ I 020, REBHIRRCIMER L L TR OBIRE ZH#EHRF L Tv
fz. =7, 930 HOBEEEIX> 10 L 5 TEY, ~A ZHKTIHYEL Tz,
1312, SA28H, 7TH22H, 930 HO7 vV VEGRE, Kb, HHREOHREZEL
Zad. SH28H (K13a) O EfBETCO 7 oY VEEE X, 5000 L' (D,>0.3 ym)
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REZ - 7228, BEFE L~ T35 B B i (1000-1500 m) {435 Ci, 18000 Lt & 72> T
Wiz, F7z, CNIRES B2 T 332em=® E THEIIL Twz, ZhodfEix s A 26 H~28 H
DA RBREORILEE L~ (CN, 257 em3; D, >0.3,2.9 104 L) L [RFfRETH Y (Hara
et al, 2010a), ~A RfEFEAEL LD -7z,
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B 13bicm L7z &k 51, 7 H 22 HIZEFREW (b £ 5 600 m ORE) THIRE 2 S %5
Tz, Bz, D,>2.0 um OB X 234 Lt &, ORESEREIHE L T HIER I
FWIRER 57z (K3 2). BUNF, AR TFOBRE IR &> Twiend, CNE
FEIX 50-100 cm=2 &Ko7z, HHEHETE (>600m) Ti&, D,>0.3 um OB X
<10*L~' T, CNEBEIZ<50cm™® FTHEAV L Twic, =7 v VY VEREDOEWEIL, SR
JBND & 725 7z,

9 H30HiZE, 800m U TOEEDT Y o IVEEEF 6230~9200 L (D, >0.3 ym) T,
SERNCE S Bo Tz, 512, HBEHE FE (>1000m) TiX, D,>0.3 xm O
FEHS>10* L1 £ THEANL Twa7z. 9 H 30 HOBEITIE EZED A < , 1250 m £ TOEH
LT 28 p o727z, HEARBE TEICH 2 /7 0 VY VERERBOE S IITHTH 5.
5 H 28 HOf L FIfkIC, BZWC A XEVFIET 5 L 2mB T 2R TH 5.

WiZzek% (Yamanouchi et al, 1999) &Ik (bk, 2001) ZH Wiz B2ty vV I)VE
T, Bx7 oY VEEREIIH E~3000m OE X572, Dlkrs, ~ @ (HFx7
oY OVIRERE) &, BESUEROCHBS 260 (T H 22 H) 720 Tx <, S5UE~H B
B TEC BT 240 (9 A 30 H) %, BHHEmEICHBT 241 (5 A 28 H) MRS ik,
i ETOHIBSERE X, Haraer al (2010a) IRENFID H 50, LETOEZ T YL
BE (A X) BOHBFHEELHEREEE IOV, X HORMAENES R THRY,
S81F, LEO 7 a VBT 28 - FATSLEE R D255,

4. i B

5546 RBRIZ BT, RERERE Wiz o7 oV VERE SR BT 2 FEAIEH C o L 72,
N (Dp>0.3 gm) ~HK (D, >2.0 pm) KL FHURE IRERICE L, LFCEL ko T,
AFORFHURE OB, Mg RER R S Ok sSHLTH Y, WEER L, S22
SELDHHFIEE AR S W B RHCE, RTFEREVRD T 2 AR D57, 2079, i
RIC & BUFHEE KD & ORLFHED, UNMNHARFERIREOZC K& k%5 % L
TWBZENIPHRZ 5,

CN HORE X, # LAHE BB TE b BFIclmA 2R L T, CNREEZLO
gL, 1 EATETIE 30-2200 cm™ OFIFATZLL Tz, HEXHERE (>1500m) TO
ZALR I 7-7250 cm=2 & 72 o Tz, UNRRKL T L [RIRRIC, M0 KRR FEE D © D
B HS B BRI 1E, CN SR L HEINL T/, EFE O ON EERE A X, HHETET
HOFPERELD bEL B2 2 Wbtz EZETCONBENEL R 3BT, B~
KR TFHBIRESED L TCniz, ETVICE DR TREDET VEIED S, KFERD» S5
HIMTREDRIERICE T 2 £ CORFEIIBHE NN 2729, EZETHER S5 CN BE
JE 1%, FEMRGET TOFBMTERICEIVERIN TV EFZ 605, I ETOHRTE
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BRA XY D DSHER S MR L D b EWEEE T, MO BB RE I B W THR T AE
S E TWE 2 ENRBENS, & CNEEREIE 9 AR BHIE TE CHER S
NTwaizw, 9 AFANCIEE BB T CHbL F ARG £ > T 3 ATREMED D 5.

KZF B s Wiz 27 a Y )V ORIEEMES 5, DRH 1Z 55-60% & HE#l & 7z, [EFk T
SOFER D S, LZHPK 1 THEIT T 2 AR & D Mg 23R#E S LT ¥
KT &, NO;~ ® SO2 I X VEHE LR THE oz, BElSh7/: DRH (55-60%) 1%
Mg(NO;), > Mg SO, @ DRH 23T\ 7z &, YR OFHE S B IC & 2 Mg iR 7 &
Z OGRS, XFEO T v VLT OWRIFFEICK & 5B %2 RIEL TWw5 2 LR
BEhb,

Hara et al. (2010a) TR~ A ABRBH|E Sz, RESEKERC LY, £F~FF
DA RE (Ex7 Y VEERER) 1, BERABNZT Tk, BENREIC HFEET
EIDHER S LTz, S, =7 0 YV ORET 2 Y EERSCRUEEE 2R T 572 0iTi,

ZEDNA ABOHENEREE 2> TN ES S,

# B

AEHE 2 ENE Y I d T2 D, 5 46 REAFHE RSB, IEBUTRERREIB E 2 & 0B F,
BT COBBFEOI R Z L Tl R0 EEQRBRE T IOBKE (k& &
T, A, AR, (R CEURED), SUKBIRFIOREBRE (MBS, ik
e, FitEak CBREE), Z OMESFIOFEBE (LA, 3F %, RENFEA, LG
W5, WHRd, MHEEA, WIRET, @ B, Wk 30, BRI GEiRD) 220 0
LR DR, BN B D 2 REHBROFE L 2 L TIHW2FEKE (T 2,k =,
JARESEHEK, AL, AMKIESE, AP, RHEE—, Bd—, B0, LS
CHPRIG>) D3R, £ OMBKEOW 035 Y, | FICH 72 2 BEAARE QERBIH 2 5k L& T
5 EMTE e, HAHERNCHRESEKENFIRO 720 DL KA E, REKER
BRHNCBL COBEERELZIE 2, EZBMPTEREEHEEEER (UK OEBERRIEER,
DR EREKFEBHE R OARNFIERD 5> 7o, REKERBHNCBEIL T, FRWE
K (idt), A8 K (REK) » o b HELYE 2wiciin/, ZO52HE0 T3
ER:H

X
Al-Abahleh, H.A. and Grassian, V.H. (2003): Phase transitions in magnesium nitrate thin films: a
transmission FT-IR study of the deliquescence and efflorescence of nitric acid reacted magne-
sium oxide interfaces. J. Phys. Chem. B, 107, 10829-0839.
Ayers, G.P. and Cainey, J.M. (2007): The CLAW hypothesis: a review of the major developments,
Environ. Chem. 4, 366-374. doi:10.1071/EN07080.
Bodhaine, B.A. (1995): Aerosol absorption measurements at Barrow, Mauna Loa and the south



FAMCA R O 7 1 YV OVERTE A 757

pole. J. Geophys. Res., 100 (D5), 8967-8975.

Charlson, R.J., Lovelock, J.E., Andreae, M.O. and Warren, S.J. (1987): Oceanic phytoplankton,
atmospheric sulphur, cloud albedo and climate. Nature, 326, 655-661, doi:10.1038/326655a0.

Colberg, C.A., Krieger, U.K. and Peter, T. (2004): Morphological investigations of single levitated
H,SO,/NH;/H,0 aerosol particles during deliquescence/efflorescence experiments. J. Phys.
Chem. A, 108, 2700-2709.

Dong, J.-L., Xiao, H.-S., Zhao, L.-J. and Zhang, Y.-H. (2009): Spatially resolved Raman investiga-
tion on phase separations of mixed Na,SO,/MgSO, droplets. J. Raman Spectrosc., 40, 338-343.

Eisele, F.L. and Tanner, D.J. (1993): Measurement of the gas phase concentration of H,SO, and
methane sulfonic acid and estimates of H,SO, production and loss in the atmosphere. J.
Geophys. Res., 98 (D5), 9001-9010.

Eisele, F., Davis, D.D., Helmig, D., Oltmans, S.J., Neff, W., Huey, G., Tanner, D., Chen, G.,
Crawford, J., Arimoto, R., Buhr, M., Mauldin, L., Hutterli, M., Dibb, J., Blake, D., Brooks, S.
B., Johnson, B., Roberts, J.M., Wang, Y., Tan, D. and Flocke, F. (2008): Antarctic Tropospher-
ic Chemistry Investigation (ANTCI) 2003 overview. Atmos. Environ., 42, 2749-2761.

Gras, J.L. (1993): Condensation nucleus size distribution at Mawson, Antarctica: seasonal cycle.
Atmos. Environ., 27, 1417-1425.

Hara, K., Osada, K., Kido, M., Hayashi, M., Matsunaga, K., Iwasaka, Y., Yamanouchi, T.,
Hashida, G. and Fukatsu, T. (2004): Chemistry of sea-salt particles and inorganic halogen
species in the Antarctic regions: compositional differences between coastal and inland stations.
J. Geophys. Res., 109, D20208, doi:10.1029/2004JD004713.

Hara, K., Osada, K., Kido, M., Matsunaga, K., Iwasaka, Y. Hashida, G. and Yamanouchi, T.
(2005): Variations of constituents of individual sea-salt particles at Syowa Station, Antarctica.
Tellus, 57B, 230-246.

JRE—RB - FRHEFIHE - (LN A8 (2007): FERRIAFIE C OMREKERE Wi TIEiE = 7 v
NV O, FEER, 51, 13-34,

Hara, K., Osada, K., Yabuki, M., Hayashi, M., Yamanouchi, T., Shiobara, M. and Wada, M.
(2008): Measurement of black carbon at Syowa Station, Antarctica: seasonal variation, trans-
port processes and pathways. Atmos. Chem. Phys. Discuss., 8, 9883-9929.

Hara, K., Osada, K., Yabuki, M., Hashida, G., Yamanouchi, T., Hayashi, M., Shiobara, M.,
Nishita, C. and Wada, M. (2010a): Haze episodes at Syowa Station, coastal Antarctica: Where
did they come from? J. Geophys. Res., 115, D14205, doi:10.1029/2009JD012582.

JEE—ER - RENIME - FHETE « RIREZ - bk BUZ - LA 2% - FIH 3 - HEEE (2010b):
RO L FR O BBV INRL T OSSR & 2 OFMHIZ b, FEREk}, 54, 541-553,

JRE—ER - BRI bk BE - RRIEZ -FBH I+ 1IN #% (2010¢) : FERRIK T O¥EER T — K
[ OZEEE K « B O IEE—, FiREk, 54, 668-696,

& BE (2001): Optical Particle Counter 12 & 2 X3P « fEE =7 o VLV OBHl, =71 Yv
wr5e, 16, 118-124,

ROBUE < REFIME « JRE—RS « RIKIEZ /MR - & & -FE Bk U A& -FEHE Jo-
WIRES (2010): BfiEc B st b yayve=%1) > 7, EEEE, 54, 474-486,

Inomata, Y., Hayashi, M., Osada, K. and Iwasaka, Y. (2006): Spatial distributions of volatile sulfur
compounds in surface seawater and overlying atmosphere in the northwestern Pacific Ocean,
eastern Indian Ocean, and Southern Ocean. Global Biogeochem. Cy., 20, GB2022, doi:10.1029
/2005GB002518.

IPCC: Intergovernmental Panel on Climate Change (2007): Climate change 2007: the physical
science basis. edited by S. Solomon [er al.], Cambridge, Cambridge Univ. Press, 996 p.

Ito, T., Morita, Y. and Iwasaka, Y. (1986): Balloon observation of aerosols in the Atnarctic
troposphere and stratosphere. Tellus, 38B, 214-222.

Ito, T. (1989): Antarctic submicron aerosols and long-range transport of pollutants. Ambio, 18, 34
-41.

Ito, T. (1993): Size distribution of Antarctic submicron aerosols. Tellus, 45B, 145-159. doi:10.1034
/j.1600-0889.1993.t01-1-00007..x.



758 JRE—HR - RHAGE - FEHETEF - 1IN 2% - Ak Bz

Jefferson, A., Tanner, D.J., Eisele, F.L. and Berresheim, H. (1998a): Sources and sinks of H,SO, in
the remote Antarctic marine boundary layer. J. Geophys. Res., 103 (D1), 1639-1645.

Jefferson, A., Tanner, D.J., Eisele, F.L., Davis, D.D., Chen, G., Crawford, J., Huey, J.W., Torres,
A.L. and Berresheim, H. (1998b): OH photochemistry and methane sulfonic acid formation in
the coastal Antarctic boundary layer. J. Geophys. Res., 103 (D1), 1647-1656.

Junge, C.E. (1963): Aerosols. Air chemistry and radioactivity. New York, Academic Press, 111-208.
(International geophysics ; 4)

Kelly, J.T. and Wexler, A.S. (2005): Thermodynamics of carbonates and hydrates related to
heterogeneous reactions involving mineral aerosol. J. Geophys. Res., 110, D11201, doi:10.1029
/2004JD005583.

Kulmala, M., Maso, M.D. Mikeld, J.M., Pirjola, L., Vikevd, M., Aalto, P., Miikkulainen, P.,
Hémeri, K. and O’Dowd, C.D. (2001): On the formation, growth and composition of nuclea-
tion mode particles, Tellus, 53B, 479-490.

Legrand, M., Sciare, J., Jourdain, B. and Genthon, C. (2001): Subdaily variations of atmospheric
dimethylsulfide, dimethylsulfoxide, methanesulfonate, and non-sea-salt sulfate aerosols in the
atmospheric boundary layer at Dumont d’Urville (coastal Antarctica) during summer. J.
Geophys. Res., 106 (D13), 14409-14422.

Lightstone, J.M., Onasch, T.B., Imre, D. and Oatis, S. (2000): Deliquescence, efflorescence, and water
activity in ammonium nitrate and mixed ammonium nitrate and mixed ammonium nitrate/
succinic acid microparticles. J. Phys. Chem. A, 104, 9337-9346.

Mauldin III, R.L, Eisele, F.L., Tanner, D.J., Kosciuch, E., Shetter, R., Lefer, B., Hall, S.R., Nowak,
J.B., Buhr, M., Chen, G., Wang, P. and Davis, D. (2001): Measurements of OH, H,SO,, and
MSA at the South Pole during ISCAT. Geophys. Res. Lett., 28, 3629-3632.

Mauldin III, R.L., Kosciuch, E., Henry, B., Eisele, F.L., Shetter, R., Lefer, B., Chen, G., Davis, D.,
Huey, G. and Tanner, D. (2004): Measurements of OH, HO, +RO,, H,SO,, and MSA at the
South Pole during ISCAT 2000. Atmos. Environ, 38, 5423-5437.

Meskhidze, N. and Nenes, A. (2006): Phytoplankton and cloudiness in the Southern Ocean. Science,
314, 1419-1423.

Minikin, A., Legrand, M., Hall, J., Wagenbach, D., Kleefeld, C., Wolff, E., Pasteur, E.C. and
Ducroz, F. (1998): Sulfur-containing species (sulfate and methanesulfonate) in coastal Antarc-
tic aerosol and precipitation. J. Geophys. Res., 103 (D9), 10975-10990.

Okada, K., Wu, P.-M., Tanaka, T. and Hotta, M. (1997): A Light balloon-borne sampler collecting
stratospheric aerosol particles for electron microscopy. J. Meteorol. Soc. Jpn., 75, 753-760.

Osada, K., Hayashi, M., Ui, H. and Iwasaka, Y. (1998): Ionic constituents in aerosol particles at
Syowa Station, east Antarctica, during 1996. Polar Meteorol. Glaciol., 12, 49-57.

Osada, K., Hara, K., Wada, M., Yamanouchi, T. and Matsunaga, K. (2006): Lower tropospheric
vertical distribution of aerosol particles over Syowa Station, Antarctica from spring to summer
2004. Polar Meteorol. Glaciol., 20, 16-27.

Pirjola, L., O’Dowd, C.D., Brooks, I.M. and Kulmala, M. (2000): Can new particle formation occur
in the clean marine boundary layer? J. Geophys. Res., 105 (D21), 26531-26546.

Rankin, A.M. and Wolff, E.W. (2002): Aerosol profiling using a tethered balloon in coastal
Antarctica. J. Atmos. Ocean. Technol., 19, 1978-1985.

Rankin, A.M. and Wolff, E.-W. (2003): A year-long record of size-segregated aerosol composition
at Halley, Antarctica. J. Geophys. Res., 108 (D24), 4775, doi:10.1029/2003JD003993.

Sato, K. and Hirasawa, N. (2007): Statistics of Antarctic surface meteorology based on hourly data
in 1957-2007 at Syowa Station. Polar Sci., 1, 1-15.

Savoie, D.L., Prospero, J.M., Larsen, R.J. and Saltzman, E.S. (1992): Nitrogen and sulfur species in
aerosols at Mawson, Antarctica, and their relationship to natural radionuclides. J. Atmos.
Chem., 14, 181-204.

Savoie, D.L., Prospero, J.M., Larsen, R.J., Huang, F., Izaguirre, M.A., Huang, T., Snowdon, T.H.,
Custals, L. and Sanderson, C.G. (1993): Nitrogen and sulfur species in Antarctic aerosols at
Mawson, Palmer Station, and Marsh (King George Island). J. Atmos. Chem., 17, 95-122.



FARESS R D = 7 1 Y VSR 534 759

Shaw, G.E. (1983): Bio-controlled thermostasis involving the sulfur cycle. Climatic Change, 5, 297
-303.

Tang, I.N. and Munkelwitz, H.R. (1993): Composition and temperature dependence of the deliques-
cence properties of hygroscopic aerosols. Atmos. Environ., 27A, 467-473.

Tang, ILN. and Munkelwitz, H.R. (1994): Water activities, densities, and refractive indices of
aqueous sulfates and sodium nitrate droplets of atmospheric importance. J. Geophys. Res., 99
(D9), 18801-18808.

FMIH K-S -2 Bl (2001): 5 41 Kb BhBOl 2B Bhil#ER S 2000-2001.
FEMRE R, 45, 257-278.

Wagenbach, D., Ducroz, F., Mulvaney, R., Keck, L., Minikin, A., Legrand, M., Hall, J.S. and Wolff,
E.W. (1998): Sea-salt aerosol in coastal Antarctic regions. J. Geophys. Res., 103 (D9), 10961~
10974.

Wang, F., Zhang, Y.-H., Li, S.-H., Wang, L.-Y. and Zhao, L.-J. (2005): A Strategy for single
supersaturated droplet analysis: confocal raman investigations on the complicated hygroscopic
properties of individual MgSO, droplets on the quartz substrate. Anal. Chem., 77, 7148-7155.

Weller, R. and Wagenbach, D. (2007): Year-round chemical aerosol records in continental Antar-
ctica obtained by automatic samplings. Tellus, 59B, 755-765.

Wise, M.E., Freney, E.J., Tyree, C.A., Allen, J.O., Martin, S.T., Russell, L.M. and Buseck, P.R.
(2009): Hygroscopic behavior and liquid-layer composition of aerosol particles generated from
natural and artificial seawater. J. Geophys. Res., 114, D03201, doi:10.1029/2008JD010449.

Wolff, E.W. and Cachier, H. (1998): Concentrations and seasonal cycle of black carbon in aerosol
at a coastal Antarctic station. J. Geophys. Res., 103, 11033-11041.

Yamanouchi, T., Wada, M., Fukatsu, T., Hayashi, M., Osada, K., Nagatani, M., Nakata, A. and
Iwasaka, Y. (1999): Airborne observation of water vapor and aerosols along Mizuho route,
Antarctica. Polar Meteorol. Glaciol., 13, 22-37.

Yamazaki, K., Okada, K. and Iwasaka, Y. (1989): Where do aerosol particles in the Antarctic upper
troposphere come from? —-A case study in January 1983-. J. Meteorol. Soc. Jpn., 67, 889-906.

Zhao, L.-J., Zhang, Y.-H., Wei, Z.-F., Cheng, H. and Li, X.-H. (2006): Magnesium sulfate aerosols
studied by FTIR spectroscopy: hygroscopic properties, supersaturated structures, and implica-
tions for seawater aerosols. J. Phys. Chem. A, 110, 951-958.



