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Measurements of dimethyl sulfide and its oxidation products in the

atmospheric boundary layer around the Antarctic

HREE

T VKL KB REEE DI EAEAL TOD00NME, B3 DEERIR A &
R AR DR ARITT D, =7 0/ VR DT AR TR ORF2E  ZE Bh & BLAE I 572012013,
LRSI YA R Wk A SR SIS SRR ON STAR B A5 ANIE S) oY N (e i tnd W5 RS e AN D AN i A S YA AN NP it
TR 7 o R A C KD BR BB A T+ 5I21E, AL T2 7/ LK+ 0 HARIRREAEIE 5
VERSHD. MBI DM CHHIEND, =T aY VRO SR E THOHE LY AT L EZ
DOEAL AR BT HBIIAM TP TE 2. 22T, ZhHOBAR RO Z R ~25.

1. [XCHIC

AR CIE, =7 0 VRt ORREE D 84%73 4
Wi cdH[Uemura et al., 2016]. ffifb AF L
(DMS) I Z =7 =/ VR R DR AL A 4 0 S B
B THY, EORRHEOFEEIREZSNT DMS it
B\KF T De.g. Vallina et al., 2006].

ZIT, T 2 ECERHICI T AT R LRL
T OR AR, WIZH 3 ECTHKREFRMR S LS
WD RZA~DHHEIZBT DMS 2K THHZ
LERT. FKETORK DMS REOCBMIN, A
AN P R B BLRI X JARE) (220, fokiElLot )T
ITONTEe. ZIVETOBIHRE REH 4 BRI
L, % 5 mTKRE DMS NSOBR{LAE R DR
L DMS OFE{LIBFRO A LA T 5.

2. EfRLICEITHT7OYVILALTF

WPERK PO/ VR, EEATELT
AT (X2S04: X 13 HY, Na¥, NHs'728) 28 A T
5. WARKHFOFT RN AAAL (Na) [Tk DA A
2 (SO2) DRI 0.252 THHHS, FRICEAE 1 pm

PLFO=7ay )Vki - ClEZ OB &S 0252 Lo
K&, 2k, =7y VR ISR R IE 2 i
TRELZ2UO iR (non-sea-salt SO4%, nss-SO4%) 23 F
T HIEERL TN,

NI DFEFTEEN Y, KR HFITITAERHIKD 40 Tg
O IR b (SO2) AHEHEIL TS (2014 HFBIFE)
[OECD. Stat, 2017, #IRD#FF 2017, 2017]. 2
(BRI, &R LR T OGS E R CHiRE (HaSO4)
B D. BRI IOV D LTI, HaSO4 1
FIZ NH3 (I FFisinuCns. Tl ci,
EEL 0.1 -1 pm D7/ LRIf- ORI 138
[ F2 £ [Jaenicke, 1993], SO, D ZuiL 1 HRRE
[Seinfeld and Pandis, 19981 Cé 5. ED7-, [l T
D PEETEB O BN T\ BRI, mE AR K
Rl Ak, SOICEJEEIZBWT, =7ey
JVRLF-H O nss-SO4F1E, HaSOs EL TIFEIET 5.

BIELC, BE 1 IZEMmATIZHEM TSN
i =7 o VRl +OE ISR 5 HE2 R 3. 30k
KIHFIZ Aw/Pd BREZEEL T, K DI EE TR L
ThD. FILFIZRERRLFRHY, ZDJEDZ /NS
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BE1 19874 1 A 12 BICEEATIZEMICT
BRShEI7RV IR FOEFBEMESTE.

IRRL T EOBHA TS, 2, BlEEH O 1
(2 HaSO4 DERTRIE DERIEME N E 2L T2 & X2 T
LR Aok (T TAMEE) Tho. Al E - IR
DT ) VKA, RROEGEZ R T 2280
T&%[e.g. Yamato and Ono, 1989].
PRI 7 DMEAE T D2 81%, B IRE TR
FALEWDB KRR EN TNDHZEERL TNV,

3. BRARERMNODHREL SO

HAREROMELEMELT, b L R=1
(carbonyl sulfide, OCS), — ik % 3% ( carbon
disulfide, CS,), _#iift.” AF /L (dimethyl disulfide,
DMDS), #iftfts” A5 /v (dimethyl sulfide, DMS), A%
v F 4 — /L ( methanethiol, MeSH ) , #i b /K &
(hydrogen sulfide, HyS) &2 22 L3 T& 5. O,
KPS O T SO, 2 FH A TS (K 1).

ZITUE, AUEE T e VR D SRR S LT
HEL OCS & CSy, A QN HH &35 KTt &
TR VR O SEEE THH DMSIZOWT, K
KO BUH EETHBOR A BL 5.

3.1 #itHILAKR=)L

F B HIRIIEE CTHY, HHEIX 0.9 TgS yr! T
b, PEEENCL D EIX 0.6 TgSyr! THY, B
RIS D Jig H B ZVCHES D[ Lee and Brimblecombe,
2016]. RifbRFEOELICED OCS & SO, DILHR

X, EZE4 0.83+£0.08 & 1.15+0.10 ThH[Stickel et
al., 1993]. £7=, DMS Of#{biZL~>Th, NOx JSE
(HRAFL T, < 0.7% D IR T OCS NAEKT D
[Barnes et al., 1994; Patroescu et al., 1998]. H SRELJR
P CSy & DMS DRk, OCS 723 0.2 TgS yr'! T4
KT DEHEE XD Lee and Brimblecombe, 2016].

T HIREFEE LT, B FAEARIC KD HDIA AR 1
HE~mykiE[Kato et al., 2012; Berry et al., 2013]23%
5. WHESOWING B ET 5L, OCS DXFiiENT
DRI 5.7 4 L HEE S D [Ulshofer and
Andreae, 1997]. Inomata et al. [2006]/%, 470K
(FA#E 69.01 JEE, BIfE 39.59 ) I IRkl LE
T L OCS IREEAFHAIL, ik 40 BEADR
66 FEET 461425 pptv TR CTH - EHAEL T
WD BAb VR = TR F MO0, KEE I
L, O JTBE OH LR, M ONS e fiRffia %
T H2S04 %4595 [Sheng et al., 2015].

3.2 ZHftix*x

TR I, M EAEAR, HEED S
TWC, BHARERO K &EDOAFHE 0.3 TgS yr'' T
HDH. L, A&EIEBIX 0.7 TeS yr! OfigHns
& %[ Lee and Brimblecombe, 2016].

AR E OH Lo B H FEEEE, KRUE

SR
(0 - 11 km)

Bht-BHA~D

Bz E-Bm
1 BRAERKRRELEVORI~ADHEES
FERR. HFIETHREE (BAL:TeS yr).
FAbKREXKILUDDIESR -EEIZLSH SO I
2 (& Seinfeld and Pandis [1998], Z DL Lee
and Brimblecombe [2016]MM5 5| .
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latm, &R 298 K C 1.2x10"2 cm® molecule™! s7! TH
B[Burkholder et al., 2015]. ZZ T OH J2E% 2x10°
molecules cm™ LRETHE, CS; O REFFHIL 4.8
H &7, BRI O7280, CS; DR
BELX, Inomata et al. [2006]1255E, 13 pptv K0
KWMETH-T-.

3.3 BIEDAFIL

% OB O L, JE O BB O il
WHABVIAIR, PAF I ANLKR=F o FF —h
(DMSP) Z A% 4 5. ¥FC %7 DMSP OAEEHR L,
T RSO IR HE B R B T O BE Th D,
ZDW, ﬁiﬁé%@?’é@kﬁé&uu7wv a(Chl a)
TR FE LB O DMSP i FE DRI, BB FH B
BELRIT I N[ Stefels et al., 2007]. ndlz/)(‘f/l/@éiiﬁk
1%, EITIASF DMSP OREZE UM BT 5.

WAL AF L ORKA~D R &L, BN 28.2
TgS yr!, fiAEE L3NS 3.5 TgS yr! LHEESND.
NBEFENSLO R HEIL 2.2 TS yr! FBRELHEES
50T, BIKEWNOO BB EFE A2 K E 0
[Lee and Brimblecombe, 2016]. {Ei7)>5H0D DMS fi%
&, RimyEAK o DMS & IO K&
DMS DR, BL U DMS O HEFENLHEE
T&%. £7z, DMS OAZHOREET, /KiR &R Lo
JEGR R ARATF T HEZ 2BV T D[Huebert et al.,
2004; 2010].

Chlorophyll concentration (mg m~)

2000 .

0.01  0.03 0.1 03 1 3 10

2 2009 £ 12 AooO074)L a BE
(SeaWiFS).

30 60

FAKE 40 FE7D 50 FEIZ)ITCOWRIE, “IR25 40
FE” EREIEAL, 58V MR PRSI TS, Fiz, FEfE
50 FEND 60 FETIZUED 50 7, SHICHIHE 60 M
5 70 FEIX MBS 60 FE” EREZIL TS, ZhbD
WECIX, Chla IREED EW (K 2) . RFTHIHOWNT
BHINIZIL, HEAKFO Chl a JEFEE DMSP H5 ) T
DMS R T LHFEL 2. Lo, JEGH A3
WEDIZ, RV TIERE A~ DMS ft & k&
WIZENTFHENS. Lana et al. [201171%, B ¥-Ek4
KT DMS JH &M 17.3 TgS yr! THY, BERNMS
DR ED 60%% L5 & FEL > TWA.

3.4 BRIESAFILOKRG D TOEIE

KA TO DMS DAL L, ATV EEDBDK
FHIEHE, BIOWIEE~0 O Jii1-<° OH OfF
IMZ VAT 2 (K 3). BIZHRE NS DERE
JSIZED, SO, AT 5. OH (NS EEIZED
IR E 02 LD —H DI D SO HE FE E#E
RUEERIIZHRKTFEL, KEUE latm TR 273
K T 5.9x10"? cm® molecule™ s, 298 K T 1.8x107"2
cm® molecule™! s THD[Burkholder et al., 2015]. =
O AN % 8 L C DMSO (dimethyl sulfoxide,
CH;S(O)CH3) 284 & L, DMSO 72>5 (X DMSO»
( dimethyl CH3;S(0),CHs ) & MSIA
( methanesulfinic acid, CH3S(O)OH) 234k 3 5.
MSIA [ZEHIZ OH &L T CHsS(0): 2<%
[Gonzélez-Garcia et al., 2007]. CH3S(0), 1L 43 fi#L T
SO, 4T HLEBIZ, OH, 03, NOy £ ELT
MSA (methanesulfonic acid, CH;SO:H) # /£ 35 &
& 2 HVD[Hoffimann et al., 2016].

sulfone,

4. RKEHD DMS BES
IEFN S C W & H AR AR LR % (JARE) O
Bk B &Mt DK IE T LS 1%, FEIRIE R
B A — R T 5. 207, TLbE  OF
MR FBBENGEL TWD. £, BT —X
DFERICEY, MFELERRDORFEDERE LA

L
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H-abstraction ?:I NO, Addition
P OH
“ Br, (I
CH,SCH, | H,O, HNO; I CH,S(OH)CH;
o, Hel BrO, ClIO
- , 10
CH,SCH,0, 0, ——> 10,
NO B ll(ll() NO,

CH,S(0)CH, |

NO; _| 1 » NO;
) |  Br

CH;8(0),CH;

Cl +} HCI

CH,3(0)CH,

OH

3 K5 DMS DRI THELBETE
Atkinson et al. [2004], Burkholder et al. [2015],
Hoffmann et al. [2016] % % |2 /ERK.

HIENTED. L ETORS DMS BED
BHNZHSOWTL, ZhETREMICFHEmSN T/,

JARE32 & JARE38 TIIRNLEFHFE T AIm
~h'Z7 (FPD-GC), JARE39 Ti¥ GC & &/HoHTraf
(GC-MS) 7% DMS Ji BEDFHANZ VS 7z, aRkE
KD DMS ZRiEIHE T D208, ~AFTAHH+
PEIZMEILT- Tenax TA 728 OWIERIMEDIL-.
AREHZELR AW AEFNCEL T DMS ZHifED%, WE
F K+ INEL € DMS 25 S, GC IZE A
LC DMS REEMGHAIZ 7=, JAREST Tl B8
SO E BT (PTR-MS) 128D, M EENR
B2, ERFETO DMS B EOFHIN Thi-.

ZIMBIL, DMS & O BEY) B2 B 75 i ek
TOBBPOREREAENTT 5.

4.1 JARE32 TOEAI
1990 4£ 12 HOBWNL, A—ARZUTDO7)<k
IV R, R 61 B, IR 71 EE T bz,

B 110 FE 2> CRaféE 50 EAHT T DMS I
FETE, 402°5 70 pptv THERE L7-. LG I mEfE 55
FEMNDIXRIRE 61 B, R 85 FEE TR, D%
& 61 FERIZIR > THUEE T 72, T D], DMS 2
FEVIHIINL, M 55 FEDD 60 FEET 120 25 140
pptv Tho7z. Z LT, FafEE 61 &, B 71 F£C 460
pptv Z B 7=[Koga et al., 1993].

4.2 JARE38 TOEH

1996 4F- 12 A OBLAITIE, Rk 60 FEERRITTAD BURE
61 FEME 84 FEITHNTT, DMS I B2 | [RIiHE O A
e COBIANELD Hlery @<, FRIZHGRE 75 FE DK
& TIE 755 pptv Tho7=. TDOH% ORI THH
65 FELIRE D HRR 40 FED D 60 FEDOHEKIK T, JRE
VI T U7z [Inomata et al., 2006].

4.3 JARE39 TOEAI

1997 4E 12 A BN Yokouchi et al. [1999]12L-
TiTbhiz. BlHIS 7= DMS JEEEITZEE ) KEL,
ZOHEIHIE n.d. (< 0.2 pptv) 75 370 pptv Th-o7-.
PR 35 FEMD 45 FEETLRHE 55 AT T, 2
JEIT 2 pptv JOBIK FL=. [A4E 1 ADTEESILIC
X% KH-96-5 fi}ﬁ?ﬁ (BT, FEfE 35 FEMD 45 FEIC
DT COWHETIL, W12 240 25 640 pptv @moaf“
ﬁséﬂyﬁléhﬂ\f:. 12 AoILoE | ToOBIT
A 55 LLFE O K #% C RO DMS ?;;%Em%buybﬁ
BNENT=. ZD1%, Inomata et al. [2006]£[FILL,
W RN S S <UDV TR E IR L.

4. 4 JARES] TOEAI
4. 4.1 FRTOHBER

X 4 1% 2009 4F 12 A 55 2010 453 AETOILL
B OMEEERL TS, JARESD TiE, — &Yl
EHO 20ft 2T deESIL, AT FIRELT
BB CEEH SN[ A1/45, 2011b]. ZDOTHN
|Z PTR-MS 23a% B 41, K5 DMS i B OBLHIAM T
DI [Koga et al., 2014].



KEALFTE 5538 =5 (2017)

Fremantle

b 1,2009 //
Dee. 3, zmw/ 130 ! Sydney

Dee.8, 2009 /
Dec. 10,2009, 00— e 52000

Feb. 21 | o
—Fen, 29/ Feb 28, T ot

o 7 Mar. 14,2010

2010 ¢ L2010 L0 Mar. 12,2010
Dec. 12, 2009. 2 Mar. 3,
* l Feb? \ \> // 160
~ Feb. 18,2010 " Mar. 10,2010

Dec 14, znov\/ Mir. 5, 2010 \v“ g

73 Syowa Station
Dec. 26, 2009 ‘f

& Dee. 22,2009

4 2009 £ 12 AH5 2010 F£ 3 BETHOILS
HIDMEK. BIIEEZ 0:00UTC THDHIE.

RN L B2 7 T oMK AN B K IR T o KK
DMS IR EEIE, P& 55 BEATITET 400 725 800 pptv
(12 A1 2B 3 BH) Tho7=(M 5). 2, TAE
A IKH-96-5 A LA Rk COMEIZILET 5.

BRI CORARMEIE, FefdE 58 B2, R 64 2D 74
FEDWREEATATL 12 A 9 BICBlIE =2,
JARE38 Tl R C ELig i sV MEZ B L TD
[Inomata et al.,2006]. 12 A 11 H725 13 HIZHTT
XK RRICA S 3D 60 FEOWHE THY, ZZT
1410 pptv 2ME IS/, JARE3S TlidifEk % T Chl
a FEENE QNI KE RO DMS DRI 5
ZENBINIEN TV D[ Inomata et al., 2006]. LA>L,
JARES1 TlE Chl a #EEICBEEHNNIRRO B
VW \[Kogaetal.,2014]. ZIHOFHEIL, DMSP %R,
THEIEOME T, JARE3S DA ERAp->Tn

1410 pptv Max. 3280 pptv

Open ocean T Pack ice Fast ice T
...........................................

Stop " Stop

800 |

6004

4004 ' ‘ L | % wa 3
s i A : & 3 T :
2004 b i g 3 % IE S
December 2009

‘ 75
2009128058 2009128128

201061818

a
s
g
g
5]
3
g
S
2
=
(=)

2010518108

5 UL SIBEFIEHE (K 4 DFER)
TEHAILI= K& DMS BES LB RINR.

Te DR E DG FFZR N,
ZOHDOWEKILOMATH, K DMS IEIT—i%
(AR RS CHERS L7-. BV SRS B AT
TWDD, ZBIFHOKMATICE > TR IZELNT-
BADS, KT HDWITKIEICB T EmIEED
DMS BRI ENI=Z2RL TS, K 5 A
TD20104 1 A 10 HOGEL, Lo 23R
HIZHE = D EATO ZERLAM OWK A 7R L TV 5.
FERGAZ BT DK A A U E > TOD DI, S
128 DEEE %G A TEME KR DS TIC K- T
HL7272ThD. ZD&E, 3280 pptv DK DMS
BENBRIS . WOKICBAENAETZ2TUE, K
K~ DMS FE T IES, K5 DMS IR EE TR E
TholeZENEETES. FEERIZ, EFnESHE X
JESE m DKl C%bh@/ izTmsh, TUbE B2
HHHOKRK DMS IBEITEr ThoT-.

4. 4.2 BERTOEFAER

FEIRDIHIZ, Chla JEEE R DMS BIEEEDHL
T UHFEREA S D LIRS0 . JARES1T O
I, VoKW IRk RIS ST
IRInolz. ZDT, WEKHIZ DMS 3B iuE, KX
IZ DMS 2N EN TV =THA). Lo, Chl a 8

30 +—+—+—+—++++t+ -+ttt 35

=
204 — Alr temperature Wind speed F30 g
o Sca water temperature - Fos &
< F20 2
g F1s &
i F1o 5
L s @,
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu 0 —
z
&
@
=
]
=
Tl
H
E o
. 10 &
E L
= g
= T
] 10 £
I5 17 1921 23 25 27 1 3 5 7 9 11 13 15 %

February 2010 March 2010

6 ERFEMMSIRF=—/M (K’ 4 OERR) TEt
BIL-RUE, BKE, E&E, KK DMSIRE, Chla
JBE. Chl a T—4I% lida and Shinagawa [2011]hH
55IA.
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FED I KL DMK TEZ, K5 DMS =
FEIX BRI E i U CIRIR EE T o7 (1K 6)

WD R A~D DMS F Bl 8% 5.2 D
AR &I, PR B A CRE 708 N7
STz, JiKIETRE DMS MG -7 # B2
WTCIE, SDLZARHTHS. WEAKFHHNTRA
H1°C DMS 2RI AREE S D KO 72D D SOt
BRI ATREMED & 5.

4.5 BKBTOFZEE, BKETHORRE
ZIVETO JARE ([ZXDTE B CTHaBEL TWhDH o
1%, K5 DMS IREEASFRE 60 FEATT DMKz Tl
B2 ETHD. 2009 4F 1 H, BTHREKFD
[ ) TD PTR-MS Z A LBV Th,
BEFnIE I B L OV — 7 7 L — DK TR
IREED KK DMS D3FHES [ #1745, 2011a].

Fe it 60 r@u@m@xﬂm K5 DMS P EE DML
AHZLEHIEBMLTWS. WEOKIEE O K H D
DMSP+DMS @YEIE %, BT OWKFPOENLNS
W [Nomura et al., 2011 1ICH B, Wik b
ELEOHHE T TETOKED, K&G~D DMS ik
2 GG T CUWNDEE 2 BV Nomura et al., 2012].

WK DIFAEIL, KE~D DMS 721 T, ¥
MR- ORAEBIGT QD TOREE, EHKOME
H, WK BT ey VR OBBOR X, ivE
TOMEERLT10 45D 1 FREIZHDT5(K 7).
UL, 18 B IRz Lo CTREER S K& R
DI, FEOKIS Tl O & IS LY, MR
FTOREDRDDI-DEE LS. [EEIREEICEL T
VX, [FEERZRE A 231G B CRERLIIS TS,

10 TN T T T T T T T T YT N O T T T T Y O T
Acrosol particle diameter (jun)
—03-04

107 o
) —04-05 ——03-10
10 1‘4 y VLW i —05-065 —10-186
J Al (B y ‘

AN/Alog{D} (em™)
=
ol

D0 Il o o o e e e s e B B S B B B B B B s B B B e
30 3 6 9 12 15 18 21 24 27

November 2009 December 2009

K7 Ef03umU DR FOEEE.

5. K& DMS Mo DEE 1L & L)

[LoH  OMUEZFIFAL7Z KA DMS RO
I, BREERBNEFROHWIZIZIRLN TV, 2
*FL, 1% 1% Halley Station (Fg#% 75.58 J&, VE#%
26.32 J£) [Read et al., 2008]<° Dumont d’Urville (74
i 66.67 £, HUfF 140.02 FL) [Preunkert et al., 2007]

XEFE OB TONZ. WThOgED,
K5 DMS IR EEIEE ZRIC @<, AZRIURL A0 D IR
AR TS, ZOEENL, EEGDIERS
% Chl a EEDOEEEFRIEAL TND[Preunkert et al.,
2007] L CELAZ KA DMS 2O

DA DOEWE, TLHE  OMKICEBIT D/
Woc Chl a D PRIREBIEREOEWITEE L TV
HEEZHID. RFZERHEEIT4UE, K5 DMS R

IX Chl a IREEDZEEN > TEE T 2.

KZHFD DMS 1, ¥ 3 R T BRE T,
DMSO, MSA, SO &KL, SO L&A Th
% HaSO4 IS D. K DMS IR ENZFHIZLH)
ZR 728, DMSO, MSA, nss-SO4> 0D i FE ¥ B i
72 7RI B % 7~ T [Koga et al., 1999; Preunkert et al.,
2007; Read et al., 2008; Zhang et al., 2015]. 727ZL,
MSA RS nss-SOS PR DIRIE A B> TDTz
W, nss-SOZ %% MSA D/ (E &) thix
RICAZIVLEZO T RNE. fl20Z, Eafu%ﬂﬁ
TIEA T 0.04, B 21T 0.25[Koga et al.,
19991 THY, Halley Station Tix A\ Z 25D nss-
SO&F DR L TRSE, HZRITWH)0.65 Téh-o7z[Read
et al.,2008].

MSA/nss-sof'tméﬁﬁﬂﬁib ¥, K&H o DMS D
SO EFENZEHINC LD B> TOBZENRIR TH D
EEZEZHLND. K 3 IR T IS DMS OFFIIGIZ
I%, OH, BrO, CIO, 10 73, 5|&#EISIZIT OH,
NOs, Cl R L TS, Hi R HDHE, OH, BrO,
ClO, 10, CLIFEEAMC LV AR T 5. FFIZ BrO 1%

OH JVH#< DMS b, =7mey MM%@E
W% & Dlvon Glasow and Crutzen, 2004; Saiz-
Lopez et al., 2007]. NOs |% H LT fET S
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DT, DMS LD NZITERR THDH. D7,
HZEO MM CIITME N ET 22 Z 2 515,
—J5, AZ=ZIT A §0372 0o T OH, BrO, ClO, 10,
Cl DIEFEITHA 573, NOs 1% H HHZ I~ Tes5iE
LI, ZOT2, AZEO MK TIE NO; & DMS
EDOKRFBIZRESUENEBT HEZ 20N,
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O3 ([ZBAL T, FTIR (2L AL DIEANT, BEIFnELH
ZBIFDAY Y o TI LB RS O T ay
FLTH 5, £7=, ClO, CIONO IZBL TiE, ThEh
Aura/MLS, Envisat/MIPAS (2 X281l a7~ LT
0%, Flz ClyEWHDIE, MLZeiBLIIIC LD N,0-Cly
DFEBEZEEIZ, Aura/MLS BIHIIZE2D NoO BLHHIED
HEH LT Cly REUGSMEE SR LA Y) OfEx R LT
W5, ZONG, 2007 4 6 A BICHEFI I 22T
PSC BT 2D LFARFIZIEFYPRT ThD HCl
K> CIONO, DIE AL, 8 H DK oEHEEE
(A U EEET D CIO ORISR CERND, £72
2T 6 ARIIFTPrLRy, 7138 HZA
BIRZ IZBVERD, 9 FIZIXTE BRIt en
D, F2, FHD 9 A~10 22N, ClO O

Marambio,
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(c) 18km, 2007
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= < HCI (MLS)
o) CIOND, (MIPAS)
3 % ClO (MLS)
O O Clys
o
Q
o
T
Pt
o
e
e
on
=
x
E
[ Oy (FTIR)
* 0y (sonde)
~ [ HRO, (FTIR)
= O > HNO; (MLS)
o =
el T
0 T
= hel
o B
£ o
X c
E s
E

day of year

X1 2007 F£EgfERAFIE M EZE 18 km TDAY 2 (0,), FHEA(HNO,), £IEERILEYI(CIONO,, CIO, CLIYDZEE, Mtk
16 RMS I5—M{EETRYT ., ¥ L—T/\yFL=BI%, BHEMAEED I YOOI EL TUL-ERZERT .

bl HCl OHIINA W53, ALk & Clatko
FEHROIEMIEFNOEB VTR T ~OEIEIL, 1
HCI1 Ti7e< CIONO (S IRIIIZ[RIE § 22 &M
FTOBLITHI > TWD[Webster et al., 1993], ZD
FE AL DEWE, MR TOEAY &, T
NOUZHIRTDHDEB X HILD,

4. FTIRIZ&A70 -RET7OV D E A

1982 OB T O H « TOMIEE I L DAY
B L > THY UR—ARRBRENT-DE,
1985 4R IIX [ VB DIRED T2 D DY 4 — 5k
#91, 1987 FITIX T4 Y v EEET 2 9E IR
TLHES M)A —IVEEE] BRI, Y
OB IE~DEH B OT v, RIETIE, 4

VIR —VRETPED 9 AR TIZER LZEToF
VORI S S S TE Y [Solomon, et al.,
2016], A AR ICIEA Y AR — L IEEIET 5O
TRV EHIFF STV D,

— 05, AL BB OIRBESS A CAR T HR T 5 R
SR AT A OEEIN A 5 #ERIR B (LRI — 8
HEMEZH L TETRY, S%OMREEDO G
MM OH L 72> TETWD, ZOHT, flr
HERMEE BRI NIAED TE 0N, #®)7RR
FHWRHTATHHREET vz &k 2 HERREL
METH 5,

IV URBEBETORKE L TES MY A —
Vi EETHEI Sz 7 17> (Chloro-Fluoro
Carbons: CFCs) 358N RIRERATATHH V),
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Trend Analysis with Boot Strap Resampling
1e16 Individual Retrievals

Trend Analysis with Boot Strap Resampling
lel5 Individual Retrievals

1.4 1 Fitted trend -- slope: -5.272E+13 (-0.516%)
STD: 4.147E+12 (0.041%)

R?: 0.566

[
[N

-
-

[molecules cm™2]
=
o

Retrieved Total Column
o
o
.

o
)

o
<

7T Fitted trend -- slope: 1.533E+14 (4.018%) RZ 0783

STD: 5.628E+12 (0.147%)

s 1
_jﬁa — frm

Retrieved Total Column
[molecules cm 2]

2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017
Date [MM]

X 2 REFEHTO 3 FR(2007, 2011, 2016 F)DERAIZL
% CFC-12 DEBETIE,

B 2 1% 100 H=FE o> HER IR BE (A% 2% (Global Warming
Potential: GWP) 3 IPCC % 4 k#5E (AR4) O
ETV 9 &, CFC-11 73 4,750, CFC-12 A% 10,900 &
o TWh, BV NI —EEEICL->TIN
5 CFC OARE LHEN R S Z Lid, A v
JEMEZ BT 5 & & HIT, MERAITITHIERRRE
OB I b RERELSFLELIZE Wb T
Do B MV A—IEEEDORDAT v 7L LT
CFC b7 v o—FTédH % HCFCs (Hydro-
Chloro-Fluoro Carbons) ~®DY] V) # z 23 A T T
BV, ZORETHH HCFC-22 ® GWP 1% 1,810
& CFCIZHARD LR D IRVME S o> TN D, &
AW, EY MU A—VEEETIE HCFC b FHt
WHREzESTLGERVWIDORLIREYMETH
% HFCs (Hydr-Fluoro Carbons) ~MDH] V) £z 735%
BT onTnd, TR ®RET-REEE 25
AEEMEN SV, HFC-23 1 14,800, HFC-32 1% 675,
HFC-134a I3 1,430, HFC-143a |% 4,470, R-404A 13
3,920 ® GWP ZFi> T\ %, Zh b O HFC DY)
DRI, HCFC &R0 TR MBI EE S /e
WRD ZEQHFUTIRAVT 2 2 & & D, R
XN B 7 v D HCFC X° HFC 12 X %=
ZHERDN, COr OIS D 1 DHERIEREL ~D 5 &
LT ENBESNTND,

Z 5 CFC <° HCFC, HFC | % H AR AME I 45
A 72N 2 Ff > TR D, FTIR (2 X » CTHlES

L e S e L e s
01 01 01 01 01 01 01 01 01 01 01

01 01 01 01 o1 01 01 01 01 01 01
2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017
Date [MM]

X 3 EBFEH#TO 3 £RH(2007, 2011, 2016 F)DELAIZ&
% HCFC-22 MIREZEL,

HZENARETH D, £ 2T, EHLHITSH% FTIR
EFRHWE 7o oo E 7o o b oe=
2V T EFE LT D,

X2z, MEFnFEHCco 34 (2007,2011,2016
) O E FTIR BHIZ L 5, CFC-12 D5fE4aE
DOFENTRE R % 773, Fitting B DL, #FHAIZ

E TR0 D D-0.52 %lyear Db Lo K
NEHINTEY, NOAA DY 7Y 72k b
-0.5 %/year O h L' > REEAWTH D,

F721X 312, RERICHEFIIEHIC IS5 5 HCFC-22
DZIEA B D FRNTHRE S % 7~ Fitting [EARD> B 1,
+4.0 %/year OFEFHHICA BRI b L2 RAA
Z bbb, 2L, NOAA DY 7Y v 7Ick
5H+2.5 %lyear &R TR Y REREE 725 T
BY, ZOFRKIZHOWTCITHEMRTFTH D,

ZDIE7, H#1E FTIR B2 X - T HCFC-142b
K> HFC-23, HFC-134a 72 K OE M HK 5 & FiA
EFNTBY, SBETZEDTNETZNWEE X T
W25,

5. F&H

PLERARTE72EB0, EHMHN)IICE /o E i
S CREMERN ST ORIEIC FTIR 2MEDIah0
TEREEIC BARICEIT 5 FTIR BHEION 6 BT 2%
B4 2 Z LSk, TOH%T - LikEIAYIC FTIR
BHNZRE Do TE T, ZOEBNST, ZORHIC
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EW - MM E < OB ZED Z & AR,
AARTS 2RO EBRSHEAEZRRT 52 L3
¥z, ZhUE, REHY BTN EEEBZ TN
Do

Z D%, FTIR Z W e RGO H.LA, 4
VAR D RZIG Y e E OZEKUE ORER,
HIERIRBEZ AL IZ B 2 IR BB R A OWE IR~
237 P LTER LIV R, EANREBRITIES
EHT FEICITILE AN H Y, ROEx v U T %
HLTFTIR X2 b bbb TnEzng
EZTNW5,

S DITHAL TR AEO FTIR #5087 —
ZEFFLTED, bOEFREICERL T/ r— UL
RERTHITT2MNANREL CE2ob 5
[Kohlhepp et al., 2012; Dammers et al., 2016; Bader et
al,2017], ZOHTE S & H 2014 20, R
[E D FTIR {2 & % HCL LT — % % &> &) THEMT
L 725 X725 Nature (ZHgidk S 417 [Mahieu et al.,
2014], A%I1%, AAROFFEE PN FERIHR o
FTIR WFFE IS REOD T T o7z 72 KL FR I B
T LR ZATV, b ZiTo TWVEZNEBZ X
Tn5,
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Effects of sea ice freezing and melting on air-sea CO, exchange

BRSO H

WA D R 53 % B DMK I L B 72 2 KA — MR TR O W B 2S00 “FRihie” L L CRERR S U T & 7.
LoaL, IEHEOMSET, MoKIE, RFEIGERCRE —MEER O B0 IR R 2SI B =R E %
RIZLTCWBZERHALNTRDD0H5H. T T, WEKDERIS LUK KK 72 E Ol fiE iz
FEO W BRSO ZEAL DS IR O W EAE BRI FEIZ G- 2 DR B DWW TR T 2.

1. [ZLHIC
WBEEIT, HERIERE LD =R ER THD bRk

F (COp) Z REMDIINL, FFEDOHIZHEZDHIET,

IR OHEITZINHIL CTHY, FRICREMmIEILLL T o
B T2 O&ZENKEVES DL TV D[ Takahashi
et al.,, 2012]. ET FFMVERE OWMT ORI, EREE
IR EZWD (RRZ K IS TRENE, KIEAME
WIEERELRD) . o, KREENE S ITHY T
TN RHA BAE B AIE AT O 0, WEED
CO BEMETLLT WK O CO i~ TH
W EAEDT-D) . TORER, KRLVLIEERE D
CO, DIFEMELALT L, REENMLRTHZL

TREDBURFEIZ CO, D3k (W) SNDHDTHD.

72120, DO HE RIS 8 A LR 5
RUEKDOBNEFEOT —HEb LB b DT
&Y IR R A O K BLG R0 K < MRk O il i
W 3 RS P IR R AR AT G- 2 DR R 81T
DWTOH FITRD TROLAL TN D, AR TIE, &
ZEftidsk DEIRZ 5D HUEK (K 1) DERSZ KD
R BLE DSV OB A BB B LR E DR
R FE T AT T B DOV TR T2,

2. BIKDEE

PR YIS 53 AT 35 WK I, MEEOK) 1 E
DOHEFE%Z 5 ® TV [Comiso, 2010], L DI H
BRI D S R B 2 il 4E - 2 R &2l > Ty
. ETUWOKIT, KR —WEER CHiEsr LT,
WLED D DO BHH Z BRI T2 ERbHEINT
VW5H[Maykut, 1978]. E7=, MoK i CRG A S5
FTEHEE (TR I, HERIRRE L Z4mHIL T

1 EE KL EME (AWECS: Antarctic Winter
Ecosystem Climate Study) TDIEJ ZEK (FrL{H k1=
[ENYDBANEREWNZSDNYENERENLEN
ST FIXAFDKER) DT QI RS BIE DRRF (BF#

®%).
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%[Shine and Henderson-Sellers, 1985]. SHIZHEK N
T, TAAT VWXL, BT 70 7h R0 fa
FUTHE<K AERER A EV L TV 5 [Thomas et al.,
2010].

WA T, HERIE L 00 5228
W BRI ARSI COND. Bl 2 X E Tl
—HOK (L FRICHER DNV ER L, EFICATRITCL
FOUEK) N DI, MERIERELICK
THEIK DR - R FE I Z FE BN B (T BN D L
VR 5 P W W=y e o 811 Qe 815 TR 5 8 8 A B
EEBIT, ZHK (BITHREIT AW EK) 2D — 40K
DT T MRS SILTEY[Stroeve et al., 2012], 1
KSR REI PR OB LB I T DL
NEZHND.

I LA T A

3. BIKDFEKRRERRER

RISV I W TI L, TR 3R A OFEKBLS
IZ&oC, MR CIT & K (VK BMELR
L. ETWARDPROKT D5, WK P ORAKERS)
LHE T 5. TOBE, WKICEENLIEREDER
WO —HIIHEK D FIZT TA L LRI DIRIREL
THOERSND., TI7A4NET TAL «F v RV LT
NHF 2—7IROZEMITH 2SN TWD (K 2). 75

TS5A> - FrRl

2 BRKADITSZAV -FrRIILOBXR. TS5(2-F
YRIRIETSAOTHELENTWNS. TSA2-Fr
FILDEYICIE KD HKER S D SIEEEL oK
MIEFE T S. Lake and Lewis (1970)%5&(ZLTHE
k.

U, WEKIZK L TRIR ThHZ L, £, MAKHE
5?75>%($n‘\tb TIALDERW NIRRT DT,
GRS . DT, bEbEDWRARITTH L THE
WE<ied. LT, WK, WOKNITAEE
TLOEBIKTHDLT TALD, WoKNBHEK TIZ
HEH E 5[ Wakatsuchi and Ono, 1983]. =D A4
BT % FE K DS, MR TR IR A00A 7, VETER
PEER DBRE) ) 72> T A[Schmitz, 1995]. = uﬁ
&, WK 2SR SCHE RIS L > TR & L ~iE X4,
GC%}TU/‘?@?kﬁ§§<ﬁifééz"bé¥n}”$7\h):?(Yﬁﬂdﬁ
DBAKIA) TROMFERIEZDLEEZHILD.

AR E RSN, WKL Z TR
SHBWHIZRTWD D0 2 209 JARB VY B ARDHFIE
T N—TNZ K> TS v/z[Tamura et al., 2008]. =D
R, CNETHEASN Ch ol — 74
L= ORY =Y TR AEE RN IEF 2 Z VL
ZREIED. LT, RECHGEN TOMmER

WA F CORMBIAZERL, &% EAKDAE
Fi B 15 B IS D W THFSE 232 4172 [Ohshima et
al., 2013].

ZIT, RV=VIZBITDRFEEIZONTE X
TH5. WKERIZES 2RO @ KA LT 56
OB EKIZEENOWE (IRFERE) 1L, MR
JENGIESE IZHES LD, B ER) =V IXRENDIE
F7p—WAEPFERE Y, KEKDOUEE~ COy AW
SNDHTLLERS T, MHFERENDIRIE ~D R F
RICEBEREEERIZLTWDIEAY. L Lehs,
RV =FIZBIT DR FHE D E &FMICITE> T
2. BTTHIE, 7 —7H L — AR =Y TERIL
T IR BSR4y (COy (2B D0 55« B 2 LT AT
BRI FRIRESLT AAVE) OREEIT->TEY, &
%“F*Fm@iﬁfwb‘i‘?ﬁﬁ?i‘%gﬁ%r&): ZHm e S D R
(252 D58 % TE BRI 35 2 &4 % Wi A
éﬂé.

4. BIKTFETCORS—BERBD CO, 33
THET, REBECOREM/EBIIZICB VT
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R MBER D CO, AU P T D ZEN RS TE TS
2, WHRHEEZ N CIA K72 T — 228 QI3 H Lo
TV e, 2T, WK R C o R R G BRI AR 3R
HiE ChH-TeZEN—RTEEEBZLND. — T, HEK
WBRSY B COJATARZEIC LD &, MK IR AR
R T I DRI L1027 T A2« F v 2L
IETEL, Z O &1L % L TS [Gosink et
al., 1976]. ZZC, KA “MEHD DWW ZE"EL
THZDHZENDIRD, 2000 FEH]1D Z A HE N KR
UKL TOK BN FE RS, WEEER <R
REIRFRIZ DWW T ORI TE T, Bl 2T,
KRR WK D CO, Z3H & A ER T 7=, ki
MBI O FEmIEOK ECTTF v " —Ex Az
SNBSS (X 3) . ZORE R, BlzKisk (K
IR L RIARIS, WDKIRIZI W T CO, 25 HE
DEEDZENSy ) >7-[Nomura et al., 2013; Delille
et al., 2014]. ZNHOHFZEAEL T, K5 —MEK[H
D CO, R Ha I, a) KN TD CO I (R H
T —E), b) K E OB TEEE, ¢) MEK—K
RO E 2T L D522 E DI ERNAKAFET 5

ZERHLNNC/2 o TET. 22T a)DE{LEK EL T,

a-1) EMTEENC LD AR PR, a-2) HEIK DAk -
AR L DK DA - RS ZE T S 5. HEIK
B OD B IR % B Gy S AR A SR AT T2 L 25, 1
IKNERD COp REDZALZHT-HT DI, a-2) 18K

\

€O, Frii=
(8100-104) 7

28 SRFvi—

B 3 dbiB i & 81 E R 8B (N-ICE2015: Norwegian
Young Sea Ice Cruise 2015) [ZH 1TB K& —E K
D CO, XM AIE DH%F (FHRTE).

BLH) CTh oo, 72721, R0tk (MoK O F4A - 451
ZAE K 2 K2 ) DENZE ST, a-1))
KB Db oT-.

I b) DEALEREL T, #Ek DR mIZFEVFED
STEBORELE 2D, KK DIREES CO, 2H
DORARARART2LZA, BMEEPEMTLERT —
MK D CO, Z2HRh R (FEE LLRERERICH
ELTZ COy MR ED L) NE LD THZEN
S7-[Nomura et al., 2013]. F£7=, CO, LIS DT AR,
53 (FRALY AT VE) IZOWTH AR BRSO
TV 5[Nomura et al., 2012].

BB o) DZEALERICHOWTIR 5. b)2h B
T2, WiKD LIRS DS IIWER &L Tl
. BRABIOKIRIZ~ AT A 30 JEIT/RDIZH050 b
57, BT EMOIRLEIIFE DIFEICID~ AT A 8
FE L HEERRIRE WA 3o 7. WK ORI, W
KWNDTTA L Doy 5 R TE T HEBEIR/NTA—H
Thd. 774D PREIZL>TELAINDE
WO B, D EVIEAFR S DI R A HIREIZL-T
BboHZLEBWTDH. &BIT, 7T~ F v R D
TR IR I REEET L, IRENMENWET T A
DRFEIT/NEL720 (FKE 5 D3RD, RAED hEL<72
%), TIA T ¥ XN TOWEDOENE N2,
T 5& CO 7R E DI ARGy DUFIK N T DR 168 B
B2 D, TTAL DRFEA 5 R—FBU LTS
RHERRFEIMNE D2 <T2 D LV O S D [Golden
et al., 1998]. Lo T, FEFE DR RIZI > TEK LE
(FEZ ) OREDKKUCKH L TELRZbZE
X, RERMKE O CO, B FEIZH REGEHET
D, FRCEA N, BSOBEMEW (T —2 )
—HA A=V THERN) DT, FEIBELT CO, D
by Es.

B ORBICL D RR LMK KT OWRE 21T, xf
Fiasl &R TR, BEOEVERIT EIC
ITTHETHI-DRELND. ZOKE CO, bIRIRFIZ B
T ~EWEEND. ZORE, RREMKNT T4 D
CO, DIEFEFEITINZ T, ZORNKHRLRIZE-T, CO,
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REDMEESND ATREME N B D, T4, oK O
BN N DA ) S S AL TV S [Tison et al.,
201712800, RBIG N KKK D CO, 22 #t
WRRICH 2 D ENS B IV READTEN MRS
N5, LL—F5T, MEENHMTHERRDLS
R — MK D CO, 22BN R ZF LD 252
ENRDDHT,CO, RHNMEHES LD HEF I LDHD
ZPHETHIETHLV. 20Xk EN LK
REOKARZHIBFR T HA TIL e < A% bERMIC
RETT D HENH 5.

5. ARICKBBHEANDRIKFRANEERE
fEIRIC ’—iz%’uﬂ’@

MR CIE, FOKO@MAENSHICHETL TS, 20
rﬂﬁ’%fﬁ%% I, EEDDIREA~OZEEZBEL T, (K

HAL, IR B, KB RYOmERE,
DERENBI 72 A E L. TV =T RO REK
PR « IR 8 & $%3B 1L T D[ Stokes et al., 2016]. £
7RI I, MEEED D OB I KO IDK O K T
AR 23 84T LTV B [Rignot et al., 2013]. ZHUHE K
ORMRBGIE, Wi E5, RRUBFEIRER, W
%, HIERBUR O BREEA BN, fEREL TR
RIKFEFERLE, Fox OAETEIZEERADDIZD, A
TR PR M EETHD.

RN B L TSRO R 2 2 7215
FTW K@K MErER 8 e S h D, %)L, -
DMK HIZTELK | &5 2 D70 D13 KB 7 1
PRIZE->THDONDTETTHD. LL, FXKIZ
%<®$%@%7ﬁ§§iﬂéfc&b BT, Fok

, BRI E S B OB E DRSS F
zhé[Fransson et al., 2015]. DFEVRIMEDOERIZIE, K
BEORMB D, FARELHITHEERE Jﬁfﬁéné
ZORM ORAZPWFPER B E D IO 8% 5
ZDDINTDONTIE, BRI RS D72 A B 72 i
NN (11 4).

Rl K & BUZ T K | &8 2 D72 IR K B o7 13 Ay
RICE->THEDONDLTETTHDH, Lk 7R, Z

B -
R P p?
AIR/EDAS

— CO, &1t RS

4 EKOMABBERICEAHLIEFTORRFERBE.

BT TOUHFREICE 2 D BT REWV. filx
X, EKREMEARAY 1 % 1 (RFEL) CIRS o256
WK DOYE 5y LERAF RSy DIR VTN 001T70 % R
[ R T DR T T 7 NI A B KgAK
DORBHEAEFHTSH. 2L T, RHIRCREBE DR
WL TEME T2 ELH5. Lo T, BEAROARN
TR R B OB FEZHMOLTLES. £, 1
HERBD COp IREIZHREEADLD. ERDEEIZ
FOA R RICE ST, COIREITRAT 5. 2DfE
R, RE-MHEM D COy DIRFE AN KELRY (KK
FORED/NELI2D), RINOUFERE~D CO,
T3 3. DEVRKDBHFE~D CO, WILEED
97200, 2O A BN FI TR L TR D LIk
20N ZORORUMFERE TCORM e COy D
T, MK R B 14 SO P AR AL R D ¥ BRIk T ELK A
KREIWZHEREIZHRAVATLSG I TBEISNATWD
[Meire et al., 2015].

BE, FEHEOWRI N—T1%, 7V —2 TR
RO B W CE KRR A IC 5 2 D2

RN 272 OWFEFIAE A EhE L T 5. FRICH
MR 7 OF A TIE, EENSOBMLIE IZ LA HIK
OKIRDMFEIZHEY U728 ) o JE i F g 12 L0 7K
TR 200 m fFE TH A RCRERR KD MR TL TS
FRF- DA ST, ZOXORIGTERIE TOEIK 1
K Rl o R AR K DREAGITIN 2, WD NES CiEHz
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YN ES CReY gWAPIE A e
REFNTHDHLEEZTND.

A b TR L CHRHT T

6. MKMBERRMRICEATLHFMLGEE

[ 5 B} 5% 2 5% (ICSU: International Council for
X TRESNTIBEENER EZES
(SCOR: Scientific Committee on Oceanic Research)
(ZBWT, MK OMEE BRI FEIC AT IZT —F% 7
7 V—7"(WG152: ECV-Ice :
Climate Variables in Sea Ice) 73 2016 4F XD Hi7- 125
£ L7z (http://www.scor-int.org/SCOR_WGs.htm) .
RY =X 7 70 —7 T, WKW ERAL AT 58
(ZRD LB I L O T L DML FEIZ OV TD
eSLz L T0D. ZhETEMNS DK v
— 7 DN DMK 7 L ORERE FEREL TV

0, KRR E D EELNIRILUZH D [Miller et al.,
2015]. BIAIE, HEoKH DR 24 DB, T
IKEFD U TRIRICUZ ECEMT 5. LaL, %Eﬁ?
RFCIE, DRI T 775, 2ol R TIZ
>, 47“/7"/»Efmifﬁ%7°*7‘/%‘/ei?%i§E@éﬁ]%
INTERLRVAERHK T D, Zhick->T, 1l
Ty BAEIEMEICHIE TERWREORMEDE
U5, D7), I fEKRE %2 N FUiifi L oK
F%ff»ﬁua‘é&f@@%ﬁﬁ%nﬂ\é. LinL, I8

WK AN 2% ST AT SR BR 57 S0 B 2 & il 53 72
EVGYE DV AT D3 2 5720 Tl I8 g K 1 oo 5
B EPHAEINDZE TR T T 7 b D3 il i
TITHATLEIREDENGHD. ZDT2d, KU
=X T TN =TT, ZLDOWRITITES TRAM
ji?ii%:i%‘%’\‘(%ﬁ%ﬁ?ﬁﬂ%?@ﬁ@ﬁ“é:&%%@bfh\
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JE igEB 1%

FAABR RS OB oy (A =771 L) OBLANE, 1970 AFAREDDERSI TS, B ARD R
HUIBLRIBKIZ BV T, =7y =2 78I 1997 FIZBMASh, BUETOHHEITHN TV,

IAECUE, BRI COMFZEBLINC SN T DE A D DIZ Y, =7 v/ VBRI A S i 2 Fa -
HLSHIE 2 S obD. Fo, BIHEM O EICXY, R EmAR P ICBW OB TEAHEED
B2 C&EF-. 22T, KR ICFEET D27 ey )b, BRI ORI, fEs as

IR BB T DR EULFBRCE H L, EH 500 0B L — 71

BIVZE R AR T 5.

FXL®HIZ

)\F‘ﬁ{ﬁbﬁ%rﬁaﬁﬁéﬂff/“Fﬁ?&;6%$@fﬁei, H
B CROIEER I THH7280, KEMER T D
Ry 57 RO ET 5T DI B kS
TW5. KKEDOE=XVT OBLRLING, KlEY
BN BRBEETOTDOBRT —Z AL LR
AEnaszbbdsd. 22Tk, REBERDDOHF T
TS BT FRmO KA T R A IS
FEHHIDILIEW. LT, KK=T Y viE, R
i@*ﬁﬁﬁ@i}%&bf@&% I ZAIR D & BOGHEE
DY =R 7L TORE], ERG OKEEELTD
HhE, E& wjﬁzﬁﬂxiwmtfx&ﬁa‘a%b Z
NHOEBIIZIG D=5, £i2, ZTNHOR BT
TT Y VORI I > TRESERD, AT
DEOHFIND, TRTOMTITONTEEDDHIL
DR LN, i A B =7 = L D RSy D —
D THLMEE LT, WHEE BB AR T m s
53 DR R RS T C OB RE - (bl AR T DV TR
T 5. ek, MBRKRTT Y LIZONWTIT,
Shaw [1979, 1988], {F*#k[1985], % ¥ [1985], Ito
[1989], J& [2003, 2017] (2L B =—Cfif &L C

EDHNIHFE TR

FLOBLN TS, Fz, 2010 TP HREEC M
SRS - VBB BR AT IE ) DRFEE S 5 F A, mAiRK
KHOZTaY VEEORENZHIERSNTND.
F7o, xR EOELREE S L= Y L, CCN
(Cloud condensation nuclei), IN (Ice nuclei)iZ-2V T
1%, Bromwich et al. [2012]i2L> TEEDHIL TV,

UZ DWW TIE

Aa CRERRhoTo i X, Thoa |

1 AREICH TAHEBIEMORIE(]. Syowa, 2. Dome F,
3. Concordia (Dome C), 4. Dumont d’Urville, 5. Halley, 6.
Neumayer, 7. Kohnen).
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300
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-

JFMAMJJASONDJFMAMJIJASONDJFMAMJJASOND
Month, 2004-2006
X2 FEEEIEICESITSI70VIILhOMER NaEEEMEL.

o K1 SRR TLOBIEE O B 27w
R

2. BIENFRELNMESH

X 2 1R T L DI, =7 v YL OYEERL 7-(Na'h)
IREEE, WKt O BRAED & 2 RTINS ALE
92 B FE i (Syowa, Halley, Neumayer) CTld, HZ
(2N nmol m™ LA &R L, AF~FFITIT
H~#+ nmol m OHFIFH TZAL L, KT, 100 nmol
m> ZBiEd 5 Z &t H S [Rankin and Wolff, 2003;

104
103 —
®
e
© 10?7
()]
(@]
o
E 101 —
Z
o
0 _|
10 —e— Ambient
—e— 240 °C
101 T T
100 10t 102 103

Diameter, nm

3 2005 F 6 A 3 BICEHAISh F-ER{BRRFNEICH 1T
SIT7AYVILFES M 2N -HRITIEMNZA (R 20°C) BF
DENEREST, FAL-FRIE 240°C RBEDIEEFHMH
FOMERETRY [Haraetal, 2011 #HE].

Hara et al., 2004; Weller and Lampert, 2008]. Dumont
d’Urville BT, AT OWHERL 7R E (it O
FEHM & FRRRE 72N, EFRIIE, EMIOBRTET
WEER I DNR S D728, MR 1R 13 2 2
K (25-70 nmol m™) % 7~ ¥ [Jourdain and Legrand,
2002]. PIBEERICALE 9 25 BIAIEH - #L(DomeF,
Kohnen, Concordia) DRI 7 DZEFIZALIXINF
L RARICE IR, AFITIRED &< 72 5
W] 22 7R9 78, MR IR B R R & D & —
#11Z E1KV  [Hara et al., 2004; Weller and Wagenbach,
2007; Jourdain et al., 2008; Udisti et al., 2012]. ¥
Kb EEMRE S MR F 28T 2
e 2] 320 ¥ig 45> 5 25 0> Dumont d* Urville 1 T,
WSRO B BRI /3 AT 3L RRLF-15k(3~7 um)
\ZE— K& 9 5 [Jourdain et al., 2008; Xu et al.,
2013]. MK D> & BEAL 72 iR = £ (Aboa, Halley:
Teinild et al. [2000]; Rankin and Wolff [2003])<° P 2
5 (Concordia: Jourdain et al. [2008]; Udisti et al.
[2012]) Ci, VBRI IX RIS (B
D<lum) (I T 5. K3 IZR-TE5IZ, Syowa
FEHCER S o= 7 v Y VEGR E ORI 54
TR &, A~ Dk S 7R
T KR 7 (D>2.0 pm) ~@BH/ MR 78 (D
<0.1 pm) (ZIR AT 5 2 ERERINLTND
[Hara et al., 2011, 2013].
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4 FARBEBMEMICETIRE T7AVILHOEER
DDEIVEEL(SOL™ /Na', Mg?/Na" ) DEETZE AL : iR
I¥ Mirabilite DHTHIRE (8.8°C), TR ILBAKEERT
[Hara et al., 2012 2R Z].

3. BIEH FOEIREBIEMRNKS B

— R, REISAFE S DI 713, DR
T DIEZRICE ST, HEER N D KK~ E

NHEEZHNDHZEN L [Lewis and Schwartz,
2013]. S CIE, E 2 @%kﬁ%*rbiz%d\ B
W R ETRDFFIZALZ T 2, AT
ETIE, Bl iﬁﬁinﬁi&ﬁ%{ﬂ%n‘%ﬁk‘(@ﬂﬁﬁﬁ B
100 km, FZZIELK) 1000 km [ZH#ET 5. AZITiT
IRKIEIRBENC S TR (Z UV —R) BHEEICEZS
728 [Sato and Hirasawa, 2007], 7> > CiZ, 75K« 5#
JEWZ L0 B K DR 7 2 R IR s S D &
BZHINTNTZ, fENIC, £~FFOE Na I
FERER T DIEMN LV [Hara et al. , 2004]. LL
TR, VR 72N EUET AR (4-11 A) oMk
SRR EE(SO42 ™ /Na®, Mg? /Nah)iZ, AL &K
B2 TND T EAE I
HZ20 SO# /Na*bhld, FEHEE M (nss-)S042~ D F G-
D7, WAKEDE <> TWD3, 4-11 A X
HEAH R A RELS T RIS TV, ZOZE kI, Hik
LT oAy B R LB ICBRL TV D

ZIABMETRSTZ (K 4).

[Wagenbach et al., 1998a; Hara et al., 2012, 2013,
2017]. HEKIZALRRIZIX, HEAK T DKDF)-2°C T,
WA AT T 5. TORE, HoH I L7k
(Brine) 3K S 415 . Brine 1T JEN KX 70 b 72
0, D% AFHEETITLRE L T, —#iT
WK EROMKPICER D . IRE DK TR, K
MK PICAFAET % Brine O T, EAREE OIX
WA DIRZ T Z dRD 5. BNFERR, E7 L
R, BN O, IR T COMKERAERFIZ 1T, Tkaite
(CaCO3 6H,0, #J-2.2°C), Mirabilite (Na2SO4 10H,0,
#4-9°C), Hydrohalite (NaCl 2H,0, #J-23°C), Gypsum
(CaS0s4, #9-23°C), NaBr 5H,O (#J-28°C), Sylvite
(KCl, #J-37°C), MgCl, 12H,0 (#J-37°C), Antarcticite
(CaCl, 6H,0, #9-54°C) 72 EDOMERHTHL S 5 Z
E NIRRTV B [Assur, 1960; Marion et al.,
1999; Koop et al., 2000; Dieckmann et al., 2008;
Geilfus etal., 2013]. Mirabilite (%, #J-9°C CHrHi %
WD 5728, KIRA-9°C & TRID Z En%< 25
REHA(4-11 A)lc=7 a Y Lidd SO /Na'bu i3 i
KA TE D 225K I, Mirabilite A7 HUZ A S 1
HERLRR Sy B FE (SO depletion) 2y, K& HIZAF
S DURHRL T & ISR L TWVWD 2 & 20l
MBI 5., =7V Lo S04 /Na'tbix, ¥
KEDT7vo R N7 T U= LRIV
Rankin et al., 2000, 2002; Hara etal., 2012]. > % 1,
A~ BTN R 4 B L T DR T
oREJEITHEERE BIAE) TIER<, WK Eo
WG RS T dh D 2 & & E k3 %[ Wagenbach et
al., 1998a; Rankin et al., 2002; Hara et al., 2004, 2012].
Mirabilite DHTHIZ LV, HEHED LRIy D —>TH
% Na HE2SERIVICHK B () (2 LT
7o, Brine FUTFK D MO AIIIE, Z OFERK D
AL LTS ZORER, K 4 (TR L7k
(2, =7 Y LHO Mg*/Na'thid, SO4* depletion
DAERE S AL D R K EE L0 & < 7 D A A3
el I TV S [Hara et al., 2012]. Mg?/Na'tbiX
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5 2012 &£ 9 A 4~7 BIZEHBBMEM TERASN-EZOI7OVIILEAREL, thECHFA2I70VIILEEE, |

B, MExXZEEDZEIE [Haraetal, 2014b #WZE].

REKGFELHER SN, JEETITELD
Hydrohalite 72 & D OHTHIZ VY, Mg*/Na'k s
SHITHEIMT5Z & 660 E 725 Tl 5 [Hara
etal, 2012]. [FEROFEEIEFEIE K/Na" ke T b et
SN TWD2, Ca’/Na'ttTld, Ikaite, Gypsum O
HritRe Ca Z & MBI+ DIRE DO ATREME S H V),
X 4c @ X9 2B ALIIHERR S ATV RV [Hara
et al., 2012]. =N EER[Koop et al. 20001 Ti, Br-
FAE M SN TWD b D0, FMRERCILmER T
Bllsh=7a 2 77U —Hd Br Na'lhid,

WK &A% S DL Br 231 A L72REEMN £
- 72 [Rankin and Wolff, 2002; Alvarez-Aviles et al.,
2008; Obbard et al., 2009; Douglas et al., 2012]. 7
NOBMG AFOH LT, Yo7 o T aAT
STWDe®D, RAP~ZGHMESNDHENCT 1 A b
77 U—ET, MMEFERIC Br An AL TWSHH]
REMES 5. AL OB & 72 573, WA
s/ 7m A N 77U —7TiEBr /Na"™°I/Na*
xR E LD bEWZ ERERINTWVD

[Hara etal., 2017]. #EKIZECRE ORI 7 B LS+
(2, FERRRREAN B ORES FK if C b AR5 B
(Mg a0 5y e, VG ORI 72 O HEIT 5 2

LM, K&=x7 1Y/ [Hara et al., 2014a], FESEWN
DKL {[Tizuka et al., 2012]DAE BRI -3 H7 5> 5
RSN TND.

KRSy B U 7o MR 11, B Mg~ HL Rk &
TR LTS (K3, 4). okl s KK
ORI A ORH - pHoEfE L LT, (1)K -
WIERT D78 2 75U —OE#:[Hall and
Wolff, 1998; Rankin et al., 2000, 2003], (2)#FE/K _EiC
{#1E9 % Brine MOFEHL[Hall and Wolff, 1998], (3)
Brine & U Y OFEEZEOHIFNC X % FEHL[ Yang et al.,
2008], (4) Brine* 72 A F 75U —JRE L W EED
H#|[Haraetal.,2017]72 EN T b TV 5. KR
F v N —FfE LB ERTIE, JE(12 ms?!
PIR)YRRWIREETH 7 1 A b7 T U — Rk
X227y VORETERINR N T
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[Roscoe etal.,2011]. D7z, T TIEiEK ED
FEE OHIFNC X 2 TP EHRL 7 0 ol

BOWTEHETHL LEHINL TS, ZOREE,
KRG~ 8 LTy % B ok 7 i, K
[P ARG L TCODLHEIC, FHENER, KIENE
It35 (h&E<725) 2 &b STV 5 [Osada
et al., 2001; Rhodes et al., 2017]. %ﬁwwwgaﬂ@ﬁ
B HOHEFR I DV T, EMER e BRI XA T
WAHLOD, ETNA~NEAANOND L) IRER
M 72a il (k) 11X, E-o TR LT, B,
ENERRIZ L0 P - BEEEZED D Z L NKRD B
nNTn5.

4. KRB N F DHLEL - ik

A~FFTE, WA - FERFRCRKR T O=T 1
VL« YRR TR E S BREE IS HE N3 % [Hara et al.,
2004]. FERRIR SIS BEUT L IR OB A R
(R L72BRIC
O XD REE, REAPTITHRERL 7 23 KR 0
SR HERF S D T2, IEE R MK TS

A X7 DX D IIRRBIZ 725 2 & D3 % [Hara et

al.,2010,2014b]. [¥ 5 ("9 & 912, WK S
O S TR 7Y, REOBEELIZ LD, Bist
JERNTZTTiER <, BHENTETRE () 4kn) £
T L TS Z LD B0 E 72 > 7-[Hara et al.,
2014b]. FEMRIE O B BxiE R o= v Y VR
VX, k&R D &R, RO B H
XHE R~k -« JEWUE, 122900 CON, IN OfbHE
WFED—>L LTHEEL TWDITT Th 5.

e A A [l PN B 8 L b ¥ MR - 1k S 4L D
[Hara et al., 2004]. Dome F JEH1<°> Dome C F:H T
RS ==7 v VU, b FREEkREER IS Mirabilite
Britiz X5 S04~ depletlon DRER S TBY, 4
~FZE O NFEEBICAFTE T D MR & MoK ok
ThsH I LRI TV 5H[Hara et al., 2004;
Udisti etal., 2012]. Kohnen J&H1 CTld, nss-SO42~ D
FHHMNMKEL, Dome F TH Ok SO2

i, EAELIHELZLRHD.

depletion DIEHMIFMETR S 4L T2\ [Weller and
Wagenbach, 2007]. VEKEIR OVEERL 73, 7 A A
a7 RBIRHIDAT OV D X O 72 NS £ Tk
SNTWDLZERPALNERSTZ END, TA

A2 a7 R OWEERS (Na™72 &) R 2K DR Y

H LB OFIE & 9 2304 H 1T TV 5 [Wolff
etal., 2003, 2006, 2007, 2010].

5. BENFEORIGENBT YA
KAFITH B U TR 7 1%, BRtERk Yy & oA
B X0 B2 IR AL T D (BAF, “&
B LT, FRRIGAE (Syowa) DXt T EIC
AT DRI D% <X, EFETIX S04,
CH3;SO0; KU 26 DORIEEIZ LY, 8-9 AU
1% NOs; (2 K ORI OEE N EITT 503, 4
ZEOWHRL 7 1X1T & A EZEE LT 72V [Hara et
al., 2004, 2005, 2013]. W& (Dome F) T, @4
?@ﬁﬁﬁ%iNm*KiDﬁ”%bfwéﬁWM>
- 7z[Haraetal., 2004]. E D KEDKK LTI,
FEERATIT 2 B NBEERIZ 23T COMEARE X, hE
HWCIX SO& OFEGNRKRE L, WK TIL NOs~
DEGH N KEL 72 DM 2% - 72 [Hara et al.,
2014a] ZOEWE, KRKHIAFET DI

ZEM I ARCTEBRIBEE DS, TRl & NIRRT R &
SERSTWLZLERRT L. AFEOTT rY
LD nss-SO42~ i{ﬁﬂé?_%@%ﬁ@%ﬁ“?ﬁi“@%
DA, =7 Y Lo N0y IE, FEETF O NO; 3
JEAREE L, NOx 23 R~ S 4, R T NO
f2ft (HNO; ZERR) Z#ETC, BRIl
BUAENTWND EZEZBNDE, 2017]. 8-9 H
DT v VHICAET S NOs~ 1%, PSCs D%
HR@EWZ ERRIBE TS [Wagenbach et al.,
1998b; Savarino et al., 2007, 2016 Weller et al., 2011,
Lee et al., 2014].

KREHNAFAE T D WAL 7O i oy 2 5 A
TERE ETOARE)—RISIZ LY, HCLX° HBr 7217
TIEARL, SHEOEO AT A ALEY b KE~

[ty = Y4 PEON
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o &5 (R1-R4). R1,R2 DS IEERMESE T T
HE ALV [Simpson et al., 2007 (ZFEAH].

HOBr+Br +H"— Br, + H,O (R1)
HOBr + Cl- +H'" — BrCl + H,O (R2)
BrCl+Br  — BrCI (R3)
Br,ClT - B + CI (R4)

KEH D Br, = BrCl 72 PIXHESMHE T T, Br 7
DN A~EHE N, FD%, Brit O3 &S L,
BrO Z 4% 7 % (R5).

Br+ O3 - BrO + O; (R5)

Z @ BrOx YA 7V & BET D BUSE, 05 {HK
[Simpson et al., 2007 (ZF£HH], DMS DOE2{k[Cosme
etal., 2005; Read et al., 2008], Hg {4 & [Ebinghaus et
al., 2002; Dommergue et al., 2010]72 £ % < D K%L
FROSEBR L TERY, Bl Db Fmfe T
EE R 2 H STV D, FFIC, Hg HRIE, KA
HIZAFET 2 T AROITLHE Hg 3~ 7 (Br 7
THNIRE) ERIETHZ LI XY [Toyota et al.,
2014], ZhR I < REPBERE STV MEZEIREE
IZEH S 115 (R6-10).

Hg (g) + Br > HgBr (R6)
HgBr + Br — HgBrn (R7)
HgBr + BrO — Hg(OBr)Br (RY)
Hg(OBr)Br + hv— Hg(O)Br + Br (R9)

Hg(O)Br + HO2 — Hg(OH)Br + O; (R10)
R6-10 DEUSORER, AR~ TP ) & & ERRE%
SN/ Hg BRTILAE T2 2 L1/, MbiT
® Hg GHRSLAEER~DHELREIINTND
[Munthe et al., 2010; Douglas et al., 2010].

FARRYS AL B % Halley J&HTlX, BrO
IR TER~20ppty TH U, FZFE (10 ARiE) 12

R & 72 % ZREi28 k% 75 97 [Saiz-Lopez et al., 2007,
Readetal., 2008]. F£7=, BrO WAL, #KEHNH
ik SN2 ZERI TR < R D BEM AR ST
U5 [Freifl et al., 2004; Saiz-Lopez et al., 2007; Jones
etal., 2009; Buys etal., 2013]. %7z, BrO & [AEIC
Br, BrCl &K 7> Bk S 5 KR TIREE A &
<, KEED Dk S 52858 TIE, RIRE (B
HTERLULT) L7252 &340 > 7-[Buys et al,
2013]. fififi[Wagner et al., 2007]<° A\ Tf# £ (GOME:
Richter et al. [2002]; Kaleschke et al. [2004];
SCIAMACHY: Jones et al. [2009]; Schonhardt et al.
[2012]; Roscoe et al. [2014]) Z A L7=8HI0 5,
BrO (IR 5~ K 0 LT D 2
EBHALMNE ST, EBIL, VTRAMTTU—
DB U 72 ZREIEOKIE T Bro RENREWZ &
5, BrOy A 7 MZiZ7m A 7 7 U — EDOARY
— ISR LT DA b RS Tn 5
[Kaleschkeetal.,2004]. L)L 6, 72 A K7
7 U — O REIIZEFIZE NS DD, pH A
W72, RI-2 DGIZ K D Bry, BrCliFEAIZ<
V. TS K DRBEED B, WEEARRR SR (CaCOs
Hrit) 725 Brine H OFEEAEH 2806 L, pH DK
ZblbT L2V, B OKRIA~DOH &R
HIHEDHZ LIRS TW % [Sander et al.,
2006]. & 51T, FRIC L DS & & Bro L DB
fZn 6, AU LY 7 A F 75 U —X Brine &
LY DFDOREKA~D53ED BrO 5347 <> BrOx ¥
7 ZBERR L, MR- OF ISV LIRS
LT 5% [Yang et al., 2008; Jones et al., 2009;
Lieb-Lappen and Obbard, 2015]. L22L723 b, Z
NHITETMZR LR THY, HEE STk
D OURERL I A RTINS A RE LS,
R DR B PR B IZ DWW T4y
RO TE LT, HR D8 - BEE L%
Thd.

BrOx %1 7 VI, BlE T, mtAR o
AU RA0)Y A 7V HEH 4TV 5 [Simson et
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al., 2007; Abbatt et al., 2012 ]. K& D 10 VA 7
VX, KREEFRERICZ, KR COHR4
REEZISEIRIWEBO—oE LTHEIEL TS
LN, BHRET VI AN SIERSNT
% [Mikeld et al., 2002; Pechtl et al., 2006; Roscoe
et al., 2015; Saiz-Lopez et al., 2015]. RN+
(Halley LMD K& H o 10 1%, FZF (10 ARi#)
IR & FF O b Z R L, 10 1% BrO & [l
EDPRE L)L T2 5 7= [Saiz-Lopez et al., 2007].
BrO & [FERIZ, 10 & fKIkn~ b Ok S 5 245
BLCIREEDEINT D7 238> % [Saiz-Lopez et al.,
2007]. FEAEMEAKKAA L TIX, Br &b D & M
S HEM A, 10:7)IRE T 4 HiFREZIK < [Lide,
2005; Blazewicz, 2015], FatBRRHIZ/AET S 10
mEDa vREYNL, WHEME S U R AL
DHFHEHEZ LN TS, FEmROUEK T OHFE
EIEE) E Z D% ORIGERIZ LV AR LA
B =3 v F 1t A ¥ (CHsl, CHsl, CHICI, 2-C3Hil,

CH,IBr, 1-C3H7I 72 &)< = 7 /L& (1, HOL,

[0 72 ) 10x VA 7V EBIRL TS Z &R
FEHE =T 5 [Yokouchi et al., 2008; Atkinson et
al., 2012; Saiz-Lopez et al., 2015]. K&x~D 9 V&
{bEH O - JERGRFE & LT, WK FIrEIcfF
T 2R - AHa UG E G 0K,
JKH @ Brine channel(7 7 v 7 + L)z U THEK
WROVEK _EIZEBUiE S L7, el KRR~
M2 S 3 2 54TV % [Atkinson et al.,
2012; Saiz-Lopez etal., 2015]. & 512, MR v H#
EEMTARE T U REEME D b 2 HTIE ERREN
m<, KREFO 10V A 7 ziE, Hia vk
AVMOFEENERETHDHLEEZEZLINLTWVD
[Atkinson et al., 2012; Saiz-Lopez et al., 2015]. f#:2
(SCIAMACHY)# 25, 10 IXEMn R (K
) 72T, BRICENESTHLELS 2D
FERABHI SN T D72, KEFO 10,17
VL, BREOWREAYIESICIN A, FOKMEIZIL
FLIZEE I VREEmO ) YA 7 VRO

H 4 EE L2 T X7 & 72V [Schénhardt et al.,
2012]. 7=, Hi B KRG X, 10 OFamE
FEHICH < (<0.01 B), HCmREZRL, HE
K EOARY—RIERKK A ST L DR
BECARR L TWD Z & DRI X HL TV 5 [Saiz-
Lopez et al., 2008; FreiB et al., 2010]. & 52, I U
SRINEKIE D B REA~HIET DERIC, —H#BIE, IBr
LT ESNDREE L H Y, 10, A 7 4D
BrOx %A 7 VOIEMEALICTF 54 % Al aEtE & fafd
S LT 5 [Saiz-Lopez et al., 2015].

6. SEDRRE

E NI OBFZEE I L HE 2B XY, FEiR
WD « N7 YA T T ONT, HERH
ANEBENTE TV, TETIE, EF MK
5 RIS DO -~ 7 OBRREMEMT BT DO T
5. oL, ARETHaRLIZERIS, Mg k& o
N A T g, REFIS o8B LT MR
WEHLTWDN, REITRRENKE L, whEl
FIZL D KRR DBREIRLT VD, KAHD
FOGHEA~a 7o 2 i S8 2 AR — RO, Ei
ME LR or 2k (=7 ey )) ko
M2 EWLNCT DRERDDH. TOHITIT,
WO KRZA~O G EGRREZ EENICE R T 5 2
EPWIAE R D ZOMAEGD IO, R -
SR OWEK ECTBIRZ 1T T udZe 69, Ik
WISERRIEEN M D 72, BURTHLE LA
MARRLTWD., £, 10 A 7D X9,
W2 TiEe <, WHEAMIGE), FoOKmIZILER
DAY — B & 2 Bt & BAfR L T % w]
REMELH Y, BT 2WfRIIZEIC D25, 4%
O ZEEHE A KK IR 2B 1T D K& E KM
DYVE A x5 & U= BIN AR ZEIC i FE L
A%

PR OB ST OWFFRIE, BLRIAIZAT S 2
EBZN, SRITET VI, ENERIE L
HOFETITY 2 & C, MBRRH ORIz
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WC, BMEDNTRE D EHIRF SIS, AR, KT
Beds, BFRFges S =TH%EEd) Ict > T I
7 v cBeEZ -, (FERe7 ey ro
W bhD 5], [RMA~BINCIT ) oM
i, EVWTHD.

HEE AR L —I2i, mfsiEfn T

BONTRERE - REEOT = NEENTND.

INBIE, EEETTHELNLBOTIERLS, B
AR ELRIE JARE) (2L, BTz 7
2y VR EHEY L CWEEWEEREDOR T &
B OWALK B OW /) - DO TR N7 —4
Thsd. ZIITRL, WEUEH W LET. &6
2, AROXFE TR L JARE O 7 1 Y L
FEELE, BV (96-2000) [FEMAA - YVEIEER
B, VI (2001-2005) [EEHdE 23317 2 HiEk
R SR RBI Y, VDY (2006-2009) H A7
nYxs b HRKRR—KRE—EEOH EAER D
B & Dz HHEREREE S AT AORFSE ) K OVRIHIR
TN TREER S E=2 ) 7)) O—
W L CHEM S v, BFE (No. 16253001, No.
15310012, No.22310013, No. 15H02806) D &1

ZF7.

7. &

Abbatt J. P. D. et al. (2012), Halogen activation via interactions
with environmental ice and snow in the polar lower
troposphere and other regions, Atmos. Chem. Phys., 12,
doi:10.5194/acp-12-6237-2012.

Alvarez-Aviles, L. et al. (2008) Frost flower chemical
composition during growth and its implications for aerosol
production and bromine activation, J. Geophys. Res.,
doi:10.1029/ 2008JD010277.

Assur, A. (1960), Composition of sea ice and its tensile strength,
SIPRE Res. Rep. 44.

Atkinson, H. M. et al. (2012), Iodine emissions from the sea ice

of the Weddell Sea, Atmos. Chem. Phys., 12(22), 11229~

11244, doi:10.5194/acp-12-11229-2012.

Blazewicz, A (2015), Chapter 4: Ion chromatography, in “/odine
chemistry and applications'ed. by T. Kaiho, John Wiley &
Sons, Inc.

Bromwich, D. et al. (2012), Tropospheric clouds in Antarctica,
Rev. Geophys., 50(1), doi:10.1029/2011RG000363.

Buys, Z. et al. (2013), High temporal resolution Brz, BrCl and
BrO observations in coastal Antarctica, Atmos. Chem. Phys.,
13, 1329-1343, doi:10.5194/acp-13-1329-2013.

Cosme, E., F. Hourdin, C. Genthon, and P. Martinerie (2005),
Origin of dimethylsulfide, non-sea-salt sulfate, and
methanesulfonic acid in eastern Antarctica, J. Geophys. Res.
110(D3), doi:10.1029/ 2004JD004881.

Dieckmann, G. S. et al. (2008), Calcium carbonate as ikaite
crystals in Antarctic sea ice, Geophys. Res. Lett., 35,
L08501, doi:10.1029/2008GL033540.

Dommergue, A. et al. (2010), Overview of mercury
measurements in the Antarctic troposphere, Atmos. Chem.
Phys., 10, 3309-3319.

Douglas, T. et al. (2010), What is the Fate of Mercury Entering
the Arctic Environment?, in “AMAP Assessment 2011:
Mercury in the Arctic”, 45-65.

Douglas T. et al. (2012), Frost flowers growing in the Arctic
ocean-atmosphere—sea ice—snow interface: 1. Chemical
composition, J. Geophys. Res., 117, doi:10.1029/
2011JD016460.

Ebinghaus, R. et al. (2002), Antarctic Springtime Depletion of
Atmospheric Mercury, Environ. Sci. and Technol., 36(6),
1238-1244, doi:10.1021/es015710z.

Frie, U, J. Hollwedel, G, Ko6nig - Langlo, T, Wagner, and U,
Platt (2004), Dynamics and chemistry of tropospheric
bromine explosion events in the Antarctic coastal region, J.
Geophys. Res., 109(D6), doi:10.1029/2003JD004133.

Friel, U., T. Deutschmann, B. S. Gilfedder, R. Weller, and U.
Platt (2010), Iodine monoxide in the Antarctic snowpack,
Atmos. Chem. Phys., 10(5), 2439 - 2456, doi:10.5194/acp-
10-2439-2010.



KEALFTE 5538 =5 (2017)

Geilfus, N. - X.et al. (2013), First estimates of the contribution
of CaCOs precipitation to the release of CO: to the
atmosphere during young sea ice growth, J. Geophys. Res.
Oceans, 118(1), 244-255, doi:10.1029/2012JC007980.

Hall, J. S. and E. Wolff (1998), Causes of seasonal and daily
variations in aerosol sea-salt concentrations at a coastal
Antarctic station, Atmos. Environ., 32(21), 3669-3677,
doi:10.1016/S1352-2310(98)00090-9.

FE—HE (2003), FEMBRHREBE O =T vy, =7z
#IIE, 18, 200-213.

Hara, K. et al. (2004), Chemistry of sea-salt particles and
inorganic halogen species in Antarctic regions:
Compositional differences between coastal and inland
stations, J. Geophys. Res., 109(D20), doi:10.1029/
2004JD004713.

Hara, K. et al. (2005), Variations of sea-salt constituents and sea-
salt modification at Syowa station, Antarctica, Tellus, 57B,
230-246.

Hara, K. et al. (2010), Haze episodes at Syowa Station, coastal
Antarctica: Where did they come from?, J. Geophy. Res.,
115(D14), doi:10.1029/2009JD012582.

Hara, K. et al. (2011), Seasonal features of ultrafine particle
volatility in the coastal Antarctic troposphere, Atmos. Chem.
Phys., doi:10.5194/acp-11-9803-2011.

Hara, K., K. Osada, M. Yabuki and T. Yamanouchi (2012),
Seasonal variation of fractionated sea - salt particles on the
Antarctic  coast, Geophys. Res. Lett., 39(18),
doi:10.1029/2012GL052761.

Hara, K., K. Osada and T. Yamanouchi (2013), Tethered balloon-
borne aerosol measurements: seasonal and vertical
variations of aerosol constituents over Syowa Station,
Antarctica, Atmos. Chem. Phys., 13(17), 9119 - 9139,
doi:10.5194/acp-13-9119-2013.

Hara, K. et al. (2014a), Horizontal distributions of aerosol
constituents and their mixing states in Antarctica during the

JASE traverse, Atmos. Chem. Phys., 14(18), 10211-10230,
doi:10.5194/ acp-14-10211-2014.

Hara, K., M. Hayashi, M. Yabuki, M. Shiobara and C. Nishita-
Hara (2014b), Simultaneous aerosol measurements of
unusual aerosol enhancement in the troposphere over
Syowa Station, Antarctica, Atmos. Chem. Phys., 14, 4169—
4183, doi:10.5194/ acp-14-4169-2014.

Hara, K., S. Matoba, M. Hirabayashi, and T. Yamasaki (2017),
Frost flowers and sea-salt aerosols over seasonal sea-ice
areas in northwestern Greenland during winter—spring,
Atmos. Chem. Phys., 17, 8577-8598.

JRE—RR (2017), FAMBSHABIRGZ R OT v/ v 225y
A CYEBR - WIRIERR, RIS — F, 233, 77-111.

lizuka, Y.et al. (2012), The rates of sea salt sulfatization in the
atmosphere and surface snow of inland Antarctica, J.
Geophys. Res., 117(D4), doi:10.1029/2011JD016378.

GHIRANZ (1985), <Mt ——m YV, FEOFIF3
pp221-255, 4 ERL.

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

ERFAE (1985), =—n V)L, FRROFIS 3 4 159-
181, 4 He.

Jones, A. E. et al. (2009), BrO, blizzards, and drivers of polar
tropospheric ozone depletion events, Atmos. Chem. Phys.,
9(14), 4639-4652, doi:10.5194/ acp-9-4639-2009.

Jourdain, B. and M. Legrand (2002), Year - round records of
bulk and size - segregated aerosol composition and HCl
and HNO; levels in the Dumont d’Urville (coastal
Antarctica) atmosphere: Implications for sea - salt aerosol
fractionation in the winter and summer, J. Geophys. Res.,
107(D22), ACH 20-1-ACH 20-13, doi:10.1029/
2002JD002471.

Jourdain, B. et al. (2008), Year-round record of size-segregated
aerosol composition in central Antarctica (Concordia
station): Implications for the degree of fractionation of sea-
salt particles, J. Geophys. Res., d0i:10.1029/2007JD009584.

Kaleschke, L. et al. (2004), Frost flowers on sea ice as a source
of sea salt and their influence on tropospheric halogen

chemistry, Geophys. Res. Lett., 31(16), doi:10.1029/



KEALFTE 5538 =5 (2017)

2004GL020655.

Koop, T., A. Kapilashrami, L. Molina, and M. Molina (2000),
Phase transitions of sea-salt/water mixtures at low
temperatures: Implications for ozone chemistry in the polar
marine boundary layer, J. Geophys. Res., 105(D21), 26393,
doi:10.1029/ 2000JD900413.

Lee, H. M., D. Henze, B. Alexander, and L. Murray (2014),
Investigating the sensitivity of surface-level nitrate

seasonality in Antarctica to primary sources using a global

model, Atmos. Environ., 89, 757-767, doi:10.1016/
j-atmosenv.2014.03.003.

Lewis, E. R. and S. E. Schwartz (2013), Sea Salt Aerosol
Production Fluxes: Estimates and Critical Analysis in "Sea
Salt Mechanisms, Methods,

Aerosol  Production:

Measurements and Models—A  Critical Review",

Geophysical Monograph Series, Vol. 152, American
Geophysical Union, 299-344.

Lide, D. R. (2005), Handbook of Chemistry & Physics 86th
edition 2005-2006, Taylor and Francis.

Lieb-Lappen R. M. and R. W. Obbard (2015), The role of
blowing snow in the activation of bromine over first-year
Antarctic sea ice, Atmos. Chem. Phys., 15, 7337-7545,
doi:10.5194/acp-15-7537-2015.

Maikeld, J. M. et al. (2002), Biogenic iodine emissions and
identification of end-products in coastal ultrafine particles
during nucleation bursts, J. Geophys. Res., 107(D19), 8110,
doi:10.1029/ 2001JD000580.

Marion, G. M., R. E. Farren, and A. J. Komrowski (1999),
Alternative pathways for seawater freezing, Cold Regions
Sci.  Technol., 29(3), 259-266, doi:10.1016/S0165-
232X(99)00033-6.

Munthe, J. et al. (2010), Where Does Mercury in the Arctic
Environment Come From, and How Does it Get There? in
AMAP Assessment 2011: Mercury in the Arctic)'9-44.

Obbard, R., H. Roscoe, E. W. Wolff, and H. Atkinson (2009),
Frost flower surface area and chemistry as a function of
salinity —and  temperature, J.

Geophys.  Res.,

10

doi:10.1029/2009JD01248]1.

Osada, K. et al. (2001), Sulfate depletion in snow over sea ice
near Syowa station, Antarctica in relation to the origin of
sulfate depleted sea-salt aerosol particles in winter, Polar
Meteorol. Glaciol., 15,21-31.

Pechtl, S., E. R. Lovejoy, J. B. Burkholder, and R. von Glasow
(2006), Modeling the possible role of iodine oxides in
atmospheric new particle formation, Atmos. Chem. Phys.,
6(2), 505-523, doi:10.5194/ acp-6-505-2006.

Rankin, A., V. Auld, and E. W. Wolff (2000), Frost flowers as a
source of fractionated sea salt aerosol in the polar regions,
Geophys. Res. Lett., doi:10.1029/ 2000GL011771.

Rankin, A., E. W. Wolff, and S. Martin (2002), Frost flowers:
Implications for tropospheric chemistry and ice core
interpretation, J. Geophys. Res., 107(D23), doi:10.1029/
2002JD002492.

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

Read, K. A. et al. (2008), DMS and MSA measurements in the
Antarctic Boundary Layer: impact of BrO on MSA
production, Atmos. Chem. Phys., 8, 2985-2997, doi:
10.5194/ acp-8-2985-2008.

Richter, A., F. Wittrock, A. Ladstitter-Weilenmayer, and J. P.
Burrows (2002), GOME measurements of stratospheric and
tropospheric BrO, Advan. Space Res., 29(11), 1667-1672,
doi:10.1016/S0273-1177 (02) 00123-0.

Rhodes, R., X. Yang, E. Wolff, J. McConnell, and M. Frey
(2017), Sea ice as a source of sea salt aerosol to Greenland
ice cores: a model-based study, Atmos. Chem. Phys., 17(15),
9417-9433, doi:10.5194/acp-17-9417-2017.

Roscoe, H. K. et al. (2011), Frost flowers in the laboratory:
Growth, characteristics, aerosol, and the underlying sea ice,
J. Geophys. Res., d0i:10.1029/2010JD015144.

Roscoe, H. K. et al. (2014), Characterisation of vertical BrO

distribution during events of enhanced tropospheric BrO in



KEALFTE 5538 =5 (2017)

Antarctica, from combined remote and in-situ
measurements, J. Quant. Spectro. Rad. Trans., 138, 70-81,
doi:10.1016/j.jqsrt.2014.01.026.

Roscoe, H., et al. (2015), Particles and iodine compounds in
coastal Antarctica, J. Geophys. Res., 120(14), 7144-7156,
doi:10.1002/2015JD023301.

Saiz-Lopez, A.et al. (2007), Boundary layer halogens in coastal
Antarctica,  Science, 317(5836), 348-351, doi:
10.1126/science.1141408.

Saiz-Lopez, A. et al. (2008), On the vertical distribution of
boundary layer halogens over coastal Antarctica:
implications for O3, HOx, NOx and the Hg lifetime, Atmos.
Chem. Phys., 8(4), 887-900, doi:10.5194/ acp-8-887-2008.

Saiz-Lopez, A., C. S. Blaszczak-Boxe, and L. J. Carpenter
(2015), A mechanism for biologically induced iodine
emissions from sea ice, Atmos. Chem. Phys.,
doi:10.5194/acp-15-9731-2015.

Sander, R., J. Burrows and L. Kaleschke (2006), Carbonate
precipitation in brine — a potential trigger for tropospheric
ozone depletion events, Atmos. Chem. Phys., 6(12), 4653-
4658, doi:10.5194/acp-6-4653-2006.

Savarino, J., J. Kaiser, S. Morin, D. Sigman and M. Thiemens
(2007), Nitrogen and oxygen isotopic constraints on the
origin of atmospheric nitrate in coastal Antarctica, Atmos.
Chem. Phys., 7, 1925-1945, doi:10.5194/acp-7-1925-2007.

Savarino, J. et al. (2016), Oxygen isotope mass balance of
atmospheric nitrate at Dome C, East Antarctica, during the
OPALE campaign, Atmos. Chem. Phys., 16(4), 2659-2673,
doi:10.5194/acp-16-2659-2016.

Sato, K. and N. Hirasawa (2007), Statistics of Antarctic surface
meteorology based on hourly data in 1957-2007 at Syowa
Station, Polar Science, 1(1), 115, doi:10.1016/
j-polar.2007.05.001.

Schonhardt, A. et al. (2012), Simultaneous satellite observations
of 10 and BrO over Antarctica, Atmos. Chem. Phys., 12(14),
6565-6580, doi:10.5194/acp-12-6565-2012.

Shaw, G. E. (1979), Considerations on the origin anDroperties

11

of the Antarctic aerosol, Rev. Geophys., 17(8), 1983—-1998,
doi:10.1029/ RG017i008p01983.

Shaw, G. E. (1988), Antarctic aerosols: A review, Rev. Geophys.,
26(1), 89-112, doi:10.1029/ RG026i001p00089.

Simpson, W. R. et al. (2007), Halogens and their role in polar
boundary-layer ozone depletion, Atmos. Chem. Phys., 7(16),
4375-4418, doi:10.5194/acp-7-4375-2007.

Teinila, K., V.-M. Kerminen, and R. Hillamo, R. (2000), A study
of size-segregated aerosol chemistry in the Antarctic
atmosphere, J. Geophys. Res., 105(D3), 3893, doi:10.1029/
1999JD901033.

Toyota, K., A. P. Dastoor, and A. Ryzhkov (2014), Air—snowpack
exchange of bromine, ozone and mercury in the springtime
Arctic simulated by the 1-D model PHANTAS — Part 2:
Mercury and its speciation, Atmos. Chem. Phys., 14, 4135—
4167.

Udisti, R. et al. (2012), Sea spray aerosol in central Antarctica.
Present atmospheric behaviour and implications for
paleoclimatic reconstructions, Atmos. Environ., 52, 109-
120, doi:10.1016/j.atmosenv.2011.10.018.

Wagenbach, D. et al. (1998a), Sea-salt aerosol in coastal
Antarctic regions, J. Geophys. Res., 103(D9), 10961-10974,
doi:10.1029/97JD01804.

Wagenbach, D., M. Legrand, H. Fischer, F. Pichlmayer, and E.
W. Wolff (1998b), Atmospheric near surface nitrate at
coastal Antarctic sites, J. Geophys. Res., 103(D9), 11007—
11020, doi:10.1029/97JD03364.

Wagner, T. et al. (2007), Enhanced tropospheric BrO over
Antarctic sea ice in mid winter observed by MAX-DOAS
on board the research vessel Polarstern, Atmos. Chem.
Phys., 7,3129-3142, doi:10.5194/acp-7-3129-2007.

Weller, R. and D. Wagenbach (2007), Year-round chemical
aerosol records in continental Antarctica obtained by
automatic samplings, Tellus, 59B, 755-765, doi:
10.1111/j.1600-0889.2007.00293.x.

Weller, R. and A. Lampert (2008), Optical properties and sulfate

scattering efficiency of boundary layer aerosol at coastal



KEALFTE 5538 =5 (2017)

Neumayer Station, Antarctica, J. Geophys. Res.,
doi:10.1029/2008JD009962.

Weller, R. et al. (2011), Continuous 25-yr aerosol records at
coastal Antarctica - I: inter-annual variability of ionic
compounds and links to climate indices, Tellus, 63B, 901—
919, doi:10.1111/j.1600-0889.2011.00542 x.

Wolff, E., A. Rankin, and R. Rothlisberger (2003), An ice core
indicator of Antarctic sea ice production?, Geophys. Res.
Lett., 30(22), doi:10.1029/2003GL018454.

Wolff, E. W. et al. (2006), Southern Ocean sea-ice extent,
productivity and iron flux over the past eight glacial cycles.
Nature, 440, 491-496.

Wolff, E.W. et al. (2007), Correction to Southern Ocean sea-ice
extent, productivity and iron flux over the past eight glacial
cycles, Nature, 449, 748.

Wolff, E. W. et al. (2010), Changes in environment over the last
800,000 years from chemical analysis of the EPICA Dome
C ice core, Quat. Sci. Rev, 29, 285-295,
doi:10.1016/j.quascirev.2009.06.013.

Xu, G., Gao, Y., Lin, Q., Li, W. and Chen, L. (2013),
Characteristics of water - soluble inorganic and organic
ions in aerosols over the Southern Ocean and coastal East
Antarctica during austral summer, J. Geophys. Res.,
118(23), 13,303-13,318, doi:10.1002/2013JD019496.

Yang, X., J. Pyle, and R. Cox (2008) Sea salt aerosol production

and bromine release: Role of snow on sea ice, Geophys. Res.

Lett., doi:10.1029/ 2008 GL034536.
Yokouchi, Y. et al. (2008), Global distribution and seasonal
concentration change of methyl iodide in the atmosphere, J.

Geophys. Res., doi:10.1029/2008JD009861.

FRE4EH: 2017410 A 30 H
PP 20174611 A 14 H

EEMRE:
1. AT BEE thEkpE R AR

12

* EEESE:

Keiichiro Hara <harakei@fukuoka-u.ac.jp>



95 13 [ B ARG L RS B & B LR

Awarded Accounts

Article No. 038A05

ISS &8 SMILES T—4ZRAW =B 0YEEEHRE
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Station) ¥4 # AR E 7 IV U A oo H
( SMILES,
Limb-Emission Sounder) [e.g., Kikuchi et al., 2010]0
BT — 2SO THY, FATFHE O 220
ZE0°0 SMILES ICBE 3 20 9821 T> TEELTZ, 41D
THOMATEIEE NI ZEbHY, FAE LTI RZESR
WANDBERL, TN KREAEFEOERRIZED TIH
FTeZ e REE KBS TEYET, ARTIE, £
X SMILES BlHIOBE IZ S\ TEED, ZTDH%
SMILES Bl 7 — 475 R S 7= g B & v P
TRBRDIEFEZRTOHND BEA, F 2 i
NAREE 3 BID E BAL D — D& ZTHITLET,

Superconducting subMIllimeter-wave

2. BREHYITIVRILBF YOS
(SMILES) [Z &k B2k K 5 &5
BUEREE 22> T D RUBEZE B DR 2L, ki
ET TR g B e M E, BE o7 B2E T
2> TEY, CO,X° H,0, CHs, N2O EDIREZNF
HAOEMAFERISA T ET [e.g., Angelbratt et al.,
2011; Hegglin et al., 2014], ZNHOWEOHFIZIL,

k% LT RN TE TR ZALFE LWL DR WEELE O BT, ZORKEIERHKT D —

SEFRHEZ KO BT IC B EAI(O('D)R° OH)ZHE IS+
HHDHHY, FIERKOCFESIED/NT o A3 2EAE,
TORREMEN B ZOIET , EOFEOHEEL T
DIOITIE, Ny 77T R R DALF RO FKm R
ERETOMLENHVET, LN LUE I REE L
2~ 3 M/ NS R T, (FE RV IRNTZDI
F R E T O KB R THDH L, KERE
R LR AE M Z TRY, in-situ IR TE 2L
FOHMND, THE L FOBINC LD FEREITHRI
Fo3 72 STV DORELIR T,

ZZCHRDE B LIZBLEE 2 SMILES T,
SMILES &, 5 Hi i 2 AF 58 Br 6 A & 1% o (5 A
FEEERIC LV ILRIBRFE S AL, 1D LTI 2009 49 H,
ISS H ARZEBRIF R EE T SRS AL, 9 7 2> H 85I
M TIHOIVELTZ, SMILES (%, #HERD EixIZi-> T
KEAH DA< ClO, HO,, HOCI, HCI, BrO 20
NS HENDY T IV AL ET, 26
VAT ABREIX T — A 52T, Aura i
2 #5# MLS (Microwave Limb Sounder) [e.g.,
Waters et al., 2006] X°> Odin ff & #5 #l SMR
(Sub-Millimetre Radiometer) [e.g., Murtagh et al.,
20025 DHERO FEFERIERLVE 1/10~1/20 (K /A X
DA MVERIELET, EBIZ, ISSIXKRBEFER
BJE A JE B9 572, SMILES [Z8LHI e — 7 )L 21 Ly
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WX DHIRAR<, BB FTRE TS, Zh
AL BOGIZEY — B O R CIEE BN R &AL
T2 TREOIRDEEEZHfFET 5 L CEELR RE
720ET,

SMILES %50 RVE—her v o7 (UEkRy) T
1%, KRR RO EA BB+ 20 Tidel,
BLAA AT LIS 55 1 FE OAFAE B o U A HEE
(UN)— 1) LEJ, SMILES DU R —/ /LR C
X, RV EEOT — 2T TIRKHNDILTWS
e K F % i R HEE 15 (MAP {5, Maximum A
Posteriori estimation method) [e.g., Rodgers, 2000]7)3
S TOVET, MAPIEICLATFIERHED KRG
PR x OB T, HOH R & 25 B 2~
AENTZT7 ATV —REFIL FIZLDH 32— g0
7ML Fx,b)EBLRIANRT ML yobs D HLEETZ 1 Tl
72, FIITHEBRAE xo ZFATERELCTEALET,
727ZLblE, 74V — RIS IR LR DET VN TA
—ZTY, ZTIEx DFFIHERELT, xaZ2 Pl Sa
YR L METDIER A G2, D LT yobs
ZHUL, S iyt oy & T HIEHLIA I F(x,b)23
WEHELTHFE®MERE G2 FT, R(DHDISgy? 2F
FTDE, FHRMERIT exp(-y> I EEBILET,

X2 = (F(%,b) = Yobs)"Se " (F(X,b) — Yobs)
+(x—x,)7S, 1 (x —x,) 1)
ZOFL MR A TR (F T/ N ITT D x ZEFHIC
KDL ET,

3. lER-HREEBIZHIT5H Clo BELE A
VR — 7 SOV RAT IZ R D HEE A6 RIS, SR -, R
NIV ARSI DBRNC R T DR EZNATE
7 SMILES BUHIOH A1, ATV IAZXPNEL,
ET NG A—H DA TN L DR D ALY &
2B, FTT INRNTA—H KO ELZNE
NG DVERHVET, £ THAE, SMILES #i
HNZBITDET N RT A= H OB EE RS
TNTYR LOBFICETLUEL, BTSRRI,
T URER FE R AN O PTG EERTDN

38 5 (2017)

ND—2ThDH ClO #EONELT, CIO DOWLIHR
(649.445 GHz, 649.451 GHz) I%, S/N L3k 8 s
FEIZIBWNT 50 &R, E0E QTR PR ITRRE
H JE BB EEN CISLL TV D728, SMILES O1%
KR BLIRRR LN T 2LV OB TR TL
oo KRREZEMRAT TIX, 36T A=F (AT Vi
5RO E N IR AR ) RAEE I (T T s —
R MARDTF v 2 VIS E BIEL, TG IR AR IE) 55
DA 16 DETININTA—HILHRELAFIRLEL
7oo SHIZANRT NV ) ARBRFEEAL—T L TR Te %
Hot, EEELPHEEETD Clo BllloZ 42
LFEFERHY 5 ppt(100 707 7 A LFEEIRE) | Rifeaa
725 5~35 ppt L HAEBV ELT=[Sato et al., 2012],
ZORZEREE T VYR LE MO SMILES BRI 72
b IS S L, SMILES 81HIRA 2=t o e &
725 CWET [Kasai et al., 2013; Kuribayashi et al.,
2017; Sagawa et al., 2013],

SMILES (2% CIO R A% E &I BN
L7-_kC, CIO fi##fT7 —4 (Level 2 research product
version 2.1.5 [Baron et al., 2011]) % F\ Tl Bl
SHfEEIZ RIS ClI0 H A k2B LELZ (K1),
ClO 1%, pkJE R CITBRBICHE K (100 ppt LA L), &
I L, AR CIasic B V& I K (50 ppt
PLER), BRICHEADL, WFhbidEIvb A EICK
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Fig. 11 Sato et al, 2012],
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A EARLUEL S, EEICKITS ClIo AZ
{bIE, Aura/MLS OfHiIH TéhHsH UARS/MLS (ZL0 7R
ENTWELZ[Ricaud et al., 2000173, T iEECTD
S (OMER (. 3w/ A =] Bl i SULL g e Nl s S N
FEAZ LV TR XV RS E LTz, ZOWiintE
X, R E TR bR RIBRRICEY
CIO TFEBENREDZLICRNLET, REE T,

H DO HEEBIZEIZ CIONO, ° HOCI DF FH VY 7R
T DONMRBEZLY ClO 2L, Big%IITYhL
[A £ DK (C10 +NO2 + M — CIONO; + M <° CIO
+ HO, — HOCI + 02) {28 ClO 238 L [e.g.,
Brasseur and Solomon, (2005)], —J7 9 [E] & TiZ,

ClIO kTR D —>ToH 2D CIONO, DR, O Ji1-
EDFUE(CIO + O — Cl+ Oy) DALY, BRI
CIO &I LET, HIEEIT Os DHINIFEN, O3
EDRE (Cl+ 03 — ClO + 02) I2X0 ClO 23BN F
To IDOIT, TSR Ao AR R Rl & R R PR oD
B RAEI (R 40~50 km) TIE, HIERIIZ HCI &
OH D FUMZ IV AE RS 72 ClUR T O3 D i (HCI
+ OH — Cl + H20, Cl + O3 — CIO + O,) ([ZXh—FF
AT CIO 23EINL, 2> D&M DT 2 H )V BUG D S
HEE/NSApDT LT, &S CIO A HRE A7
FELE 9 [Private communication with R. Lehmann],

ZHIUTED, 24 BEREC 100 ppt BA_E ClO 2MFEAE
FTHIEIZRDES, 2D CIO layer“DREIEZBLIC
FVBHGZLELT,

4. N BBBEM AN A DEZL

2 BECTHRAZEHT, IEBEB RS AL
O('D)X°> OH DAERK, ZAUZXDHT=7a i LAl HE
MY, R OWE SB35 AT He DS
HVET, O(D)DFENLIRILIE, ZOI THT-ITk D
AR Z B 250 170 H BRI e E T, LasL,
BURTIIREF D O('DYD RN IR 2 B4 DL
D CHREECHY, BRI HEE T IEDESLL T
WEH A, TR, O('D)D B E R A Rl T
DAY HREE(Os + hv — O('D) + Oo) D[RR

IRNCE B LELTZ, A I fRBED RN K53 Bl %
TEBANCEMET A0, Y U RINLR D B 2
BEONICTHIENEEILRVET, KRHFOA
VU DRRER T 10~ 15%F5EE O B[R A e
R EIHEAFFNAR S B E R DT ERHLNICS I
T VW £ L 7= [eg, Brenninkmeijer et al, 2003;
Thiemens, 200617, HZALOEim% AIREICT 5L
7RI A L 7o B I A EL A TLT,
BAro/mRE Tt OP THROMEEN RV SMILES
BUANZIWTH, ZOBIMFEET 10~20%E RS
B3V CEY[Kasai et al., 2006], FREVEEAAZLDLA
VU RNAR GBI AR ATREE B R BTV ELT,

SMILES #Lll7 — 22854 RN IR b H A
FHRIEDH7201Z, AN — L7 VT Y LZHE
HLEL, BEFOVR — ST VTR AT, 1
— D TR TCOEERy TRROFEELENTHIL
ZHMELTREISNIZLDOTHY, 4 U RNAREE
HHOREBINELIZGS, BEEORMNFIZELL
RSN TWELT, FMIBEF DT VT Y X LZ LR
LT, AV URNAR S I @ b L7z 7 v
A2 TOROROS (The Optimized Retrieval algorithm
for Ozone isotopic RatiO by Smiles) Z ¥ L FL7=
[Sato et al., 2014], ZZTlE, i) A U RNAR LD
A2 Xa BEON S, DIFRFAENTE AL, HARD RN
53 1T D B SRAFAE LIS 0 e R 1 A& A i AL
T5, i) AV U RNAR S FRERIOUR) — v 7y
RafE—L, ZUyREICE ENLE EFRERIZ D,
LOWRELHLELZ, KT NVIVRAEYEHS
M7z8"*000 fEIZ, g ClEmEL LIz ERL,
SATHFZED H A5 [e.g., Irion et al., 1996]& SMILES %
D RHEREAZDOFIPANT— L, RAFFLDSB000
EDEFEMEEZ MR LELZ, 22T, %000 1FxX(2)
TEFRSN, EEEITITARE K O W3 R
A E (180/1°0=0.002005) % AV CTUVET,

([*°000]/[**0.)p,
([18000]/[4803])Std 1 (%) (2)

ST v e BE AR T, R B R R OR (Y

88000 =
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18%) L7210, T [ Cldm B L3 9ok
WAERLEL, FERHPRIEIC317 585000 DL
WX, AFTEDBID TLRVET,

37 km (28158000 @ A A bA K 2 (2R
LE7. 8000 Dfiil, &MIFH 13% T—ELRY,
ADOHEEBIZ 2~3% EF-L, HERHCFEREEZRAD
T HMEMERLELEZ, 2088000 HEIL, 4
AR R H B LT R B DR BN TLIZ, 20
RO, JATHF TR A Sefi Bl LD RN
7 B D FtHle.g., Ndengué et al., 2014112 HIV,
%0100 & 0100 DIELfRHEE D G A
AR BN LD RN AR5 5% KBS RIE A ZEIZFHR L
FL7z, TORER, BAIS728""000 HZKIE, X
W RTE AT E B B LT-A YR B X D RINL AR
SRNZED BRI DK 80%E I TEAZL, FRVD
FHERNF AR EZRICL DA AR (0 + 0, +
M — O3 + M) DRNLAS B EEARAF I XD
85000 DAL ToH D AIREMEN RV &4 E R
BISNZ LU E LT [Sato et al., 2017],

BIE, BN Envisat 2 +5# MIPAS (Michelson
Interferometer for Passive Atmospheric Sounding)
[Jonkheid et al., 2016]<°71 4 @ Scisat i 24
ACE (Atmospheric Chemistry Experiment) [Bernath
et al., 2005], Odin/SMR DF —LbHREIEL K
LA RNAREF A D IO L TWET, 2
SOBLT —X 0352 LT, SMILES 721 Clf

T T T T r T T T T
20 |-.......—...moving average (N'= 50) + random error

» = medianinSZA 10° bin

"y
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2 SMILES #lIC k5 E KBRS 000 BZ L
EFE37 km, #AR:2010 2 B 12 H~4 B 16
B, #8%:20°S~40°S [ Fig. 1 Sato et al,
20171,

A BIIRNAY RN EL D & 3122 B o Y
SAEOF LN RGN LI LI SNET,

5. BHYIC

AR TR LI RIL, 202 DT FREL
XZWDHS>THO TEEATELLDTT, AN
SMILES O FEIZ A B B HH TIAW DI
5 BT O 2009 FENSTT A, Z22ITELHETITIEE
{DI7# DIRBEBRZ DB HHY, Thdido->TH]
D TEADIFFEIN ARV > TNWDZ LA BN TR E
Hh, ZLTC, FEFEEST2F% SMILES #9785
— LR AR, OB TR<% )7
M CTHRE FIWELI AR 754, iR o
REHE THY, FAOMIEE L CTORE % KT T
TNEozEHHEMLLEAE, LT SMILES #F7EF—2A
DERR, ZDOMFLDOIFEE NI L2 TD I~
2, ZOBEBHEVUTRUEL P L BT ET, ik
MHTAEWAEE, BF7EE L TH B OFIE R L
VIO CTEBIELTENIXEZ X TBVET, 5keEd
THRETHIREORE, LALKBREWHL B ET,
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2017 4F 8 A 21-25 ACALADA LA —F—/ry
T ICDCI10 (10th International Carbon Dioxide
Conference) MPMESNT-, A1 F—TF—7r %, F

~U~yt7b>6%$f‘ 2 BENEE DML T VT AD

(ZPHENIBDEHTHD, ARTEIT, 1981 I

XKX'A/V/j(%?%%% Z, 40 NDOWFFEE D KK
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Biogeochemical Processes / Scenarios of the Future
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Stability @ 4 DD KE72 T —~ D&, iz To70
(RERFER 81, RAZ—FEFH 370 1), Tz, 4%
i “Grand Challenge” O ONEDELT, FEEIZHE
TESNT VB ED“LSCHIE %2 T — < LT RR
DRAPEER TN TLHEROALLT, HER)
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FIT 4 AT a D/SRY AN B IR 1:1
Tholz, RRULFETEMEWG R ELT-ZEbdH
D, HRCIEEREAE R T HARO LR H NSHIC
B2 HZEEWIRFLIZ,

EETRE:

1. ESCEREEHFZERT

* EEES:

Yu Hoshina <hoshina.yu@nies.go.jp>



SHNPLOBHSE

JpSAC news

Article No. 038N02

The 8" International DOAS workshop Yokohama, 2017
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The 8™ International DOAS workshop was held from
4 to 6 September 2017, in Yokohama. The workshop
venue was the Yokohama Port Opening Memorial Hall,
a historical establishment celebrating its 100" year
anniversary. Besides, Yokohama itself is one of the
most vibrant places in Japan. Thus the mixture of
history, culture, and science created an enchanting
atmosphere for the workshop. The DOAS workshop is
a converging platform for scientists, researchers and
academicians around the globe, working with the
DOAS technique. The 8" DOAS workshop was the
continuation of such interactive discussion platform
since the first workshop in Heidelberg in 2001.

Differential Optical Absorption  Spectroscopy
(DOAS) is a powerful optical remote sensing technique
for measuring aerosols and trace gases in the
atmosphere. The DOAS technique is a widely used
technique for atmospheric observations from all type of
measurement platforms (i.e., ground-base, air-borne,
satellite, etc.). In the DOAS principle, the absorption
spectrum of an absorber is divided into “high” and “low”
frequency part and only the “high” frequency part is
utilized. Thus, the requirement of the radiometric
calibration is eliminated and the instrument can be
employed for long term atmospheric observations.
Depending on the requirement and application, there
are different type of DOAS instruments such as MAX-
DOAS (Multi-Axis DOAS), LP-DOAS (Long path
DOAS), Cavity Enhanced DOAS, ZSL-DOAS (Zenith
Scattered Light-DOAS), Imaging DOAS, Direct

sunlight DOAS etc.

of the 8"
held at the
Yokohoma Port Memorial Hall, from 4 to 6
September, 2017.

of participants
DOAS workshop,

Group photo
International

The aim of the DOAS workshop was to discuss the

recent advances in the DOAS research, from

instrumental and algorithmic developments to
application in various fields of atmospheric research.
The workshop started with the keynote speech by
Professor Dr. Ulrich Platt, one of the pioneer scientists
who developed the DOAS technique for atmospheric
application. He covered the history and recent
developments of the DOAS research and also provided
a future view for the young scientists to explore the
immense potential in this field. Later presenters from
different universities and research institutes around the
world presented their research activities and results.
There were two special sessions in the workshop. First
one was a special discussion session named “Towards
a new sail from Yokohama”. This session was specially
dedicated to discuss the future of DOAS in terms of
hardware, software, observation and application. This
session provided a glimpse of the future DOAS
research. The second one was a special discussion on
the CINDI-2 CINDI-

inter comparison results.

2(Campaign for inter comparison of nitrogen dioxide
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measuring instruments) was a field campaign held at
Cabauw in the Netherlands, in September 2016, where
MAX-DOAS instruments from different research
groups (including our group from Chiba University)
conducted simultaneous observations of NO> based on
similar technical specifications. The purpose of such
inter comparisons is to provide higher accuracy of
validation for future satellite observations, including
TROPOMI, which was ultimately launched on October
13, 2017 after CINDI-2. This discussion session
provided more insight about the technical challenges in
DOAS measurements and its recommended solutions.
In addition to the scientific activities, the organizers
also arranged a dinner party at the Yokohama Marine
Tower, one of the trademark establishments of
Yokohama. Therefore, there were plenty options for
refreshment and entertainment. Overall, the workshop
provided an excellent platform for young researchers
and students to come in touch with the pioneers and
great scientists of DOAS research. The participants are
looking forward for the 9" DOAS workshop supposed
to be held in the Netherlands in 2019.

Platt, U., and J. Stutz (2008), Differential Optical Absorption

Spectroscopy, Springer.
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Kinetics Related to Atmospheric Aerosols SN
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Love, J. C., et al. (2005). Self-assembled monolayers of
thiolates on metals as a form of nanotechnology, Chem.

Rev., 105(4), 1103-1169.
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Report on The Third Sino-European School on
Atmospheric Chemistry (SESAC)

Sathiyamurthi Ramasamy" *

The Third Sino-European School on Atmospheric
Chemistry (SESAC) was held from 21-30 November
2017 in Guangdong Hotel, Shanghai. Previously
SESAC 1 and 2 were held on 2013 and 2015 in
Shanghai. This program was organised by J. Chen,
Fudan University, C. George, IRCELYON-CNRS,
France, A. Mellouki ICARE-CNRS Orleans, France,
H. Herrmann, TROPOS-Leibniz, Germany, J. Wang,
and Y. Mu, Fudan University, China. 118 master,
PhD students and postdocs mainly from China and
Europe and also number of international students
attended this school. The objective of this school is to
provide essential knowledge required in Atmospheric
Science and directions to the young scientists to
tackle the raising air quality issues and build up the
network.

Distinguished scientists in this field gave lectures.
Lecture from A. R. Ravishankara was about driving
forces and importance of night time chemistry in the
atmosphere and the role of chemically active species
(gases and aerosols) on climate change. G. Brasseur
addressed the predictability of weather and climate by
modelling. H. Herrmann presented multiphase and
aqueous phase chemistry, J. Donaldson and M.
Ammann addressed atmospheric heterogeneous
processes. S. Borrmann talked about chemistry and
aerosol microphysics in the upper troposphere and
lower stratosphere.

Several important and current topics in this field
including  aerosol  measurement  techniques,
oxygenated volatile organic compounds chemistry,

radical chemistry, Oz formation, optical properties of

Group photo of participants of The Third Sino—European
School on Atmospheric Chemistry (SESAC), held at
Guangdong hotel, Shanghai, China.

aerosol, photochemistry of aerosol, particle
hygroscopicity, secondary organic aerosol formation,
PAH chemistry, and modelling were addressed by A.
Wiedensohler, A. Mellouki, A. Wahner, T. Wang, Y.
Rudich, S. Nizkorodov, P. Rairoux, D. Knopf, T.
Hoffmann, E. Villenave, E. Perraudin, and B.
Aumont. J. Chen, Y. Mu, G. Jiang, X. Wang, T. Zhu,
X. Yang, M. Hu presented air pollution in china,
health effects, biomass burning and new particle
formation.

Every 7-8 number of students were grouped together
and assigned to one professor. Every group presented
number of questions raised by professors and
summary of article. Students were taken to the Fudan
University Atmospheric Science labs and to the
ancient city near Shanghai.

This program gave students, insights into the many
topics in atmospheric science, plenty of time for
effective discussions, and platform for strong
connection. It is obvious that this kind of program
will help to address the air quality and climate issues

globally.
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