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Latitudinal distributions of carbonyl sulfide (COS) over mid-high latitude
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Abstract: Concentrations of COS in the stratosphere and troposphere were
determined from grab samples collected at altitudes ranging from 0.3-12 km-during
an aircraft flight over mid-high latitude in the Arctic Airborne Measurement
Program 1998 (AAMP 98). Concentrations of COS in the troposphere were
almost constant within the range of 378-433 pptv. Taking into account the lower
abundance of CS;, the photochemical production of COS from CS; oxidation was
less for atmospheric COS north of 53°N. In the stratosphere below 12 km altitude,
average concentrations of COS were lower than those in the troposphere.
However, concentrations of COS decreased with increasing altitude 1-2 km above
the tropopause. It is thought that the phototchemical oxidation of COS in the
lowest part of the stratosphere was less during the observation period.
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. 30 &I

FAbA VAR = (COS) IRE TIRIERICEE TH L7212, BEMIZIZH—THE LW
biTwb, 20 COS IFEBEAN OB WENNIR TSI, ZBRILHRE (S0 %
TS0 £ 0, BEMNICHEEL Y aY Vv ek b, ZO, REBL KUK & D KREICHK
BREICEBEEA S NS ZBRE 2R &, SREO COS IZHEE O FELMEAMGIHETH
5 & NTW3S (Crutzen et al., 1976; Hoffman, 1990), E/EE T 7 0 VWK FI3 A —KIG
e LTIERL, 4V > OMHBEEREP AL 2 BELE 5 2 210 & D HIROBEIPE 2 Z 2 5
e &, HIEKBRERICELSBRL T2 2 D fEI I LT3 (Turco et al., 1982; Hofmann and
Solomon., 1989; Rodrigetz et al., 1991),

COS I, P 8L Eh o O BARFEAITINZ, TEEEH0/ A A4 < 2ABREBE2 £ O NS
R DEERSHIKHENS, LaL, WFHEDO COS D—ERiZ CS: & OH 7 ¥4 & D¥,
LRI LD, REFTEREINLE Db H S EW|ESINT WS (Chin and Davis, 1993),
INed COS DFA: « £FEED S b, BRFRARED S L AMIEENC XL 2 fihiE i, 1313%
LW &N T3 (Chin and Davis, 1993), UL, TEEFOERCHIE CIIIER I EEBREE
D COSVEHIENTEY, THEEHM L > THHENTZ CS: & OH 7 27 & OWALERIE
WELEREERTNETHS L DIERS H2 (Dippell and Jaeschke, 1996),

KEH D COS OPPETERIC DWW T ORHI 21T 2 72 0121E, [KRcbh 7z DHIET 2 L8 D
5. LoL, JEFEERHEEC I BRRERCIZ CTARBRRRAEEDZ SFET 5720, 20
HIE COE S L O/KFHEESMRORIE D & COS OYTETER 23+ 2 Z & 13 TR T
bb, T, NEZRETRV VO EBbN 2 EBRE TOHRES L OAERE S MOEIE
FERTHS LlBbh s, KT, LBk « SR B 23— M EEO COoS
R DSRESE, AL S 2T B 2 Lo, COS DYERERIRR AT 2 Z L 2 H
#I & LT HED & JbRE A Of BB 217 > 72,

2 KA £ M7

KEFE ORI, #HE, X7 a7 a7 A7 (Petropaviovsk), 7 ># L v ¥ (Anchor-
age), /N1 — (Barrow), @ > 7' ¥—E > (Longyearbyen) ##ERKFET 74 b & BEERERO
ET774 b, =2=A VAV RU/ 0 — OB D & FEREEE & TOMBEHED 7 7 4
N TYT4>417z (Shiobara er al., 1999). K&FEHL, K FERIZELD 17 & iz ALY $H A
O75F 70y F 2 — 7 TRMICEAL, 2A0 A7 L~u—Z#> 7 IWAKL BA330SN)
ERHWT, ATV VARF—NVEIOY 7)) > 77523 (1L, HEERE) CEFERSH
7z, RICKRKEMSEER S N AR, BE, BE, aELRT. G5 35 KORKEE
sz, H5HUDIToRRTHMEEERCIE, 77 A aPCHIS 1lz COS DIBEIL 14
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XK1 COSHERDOATFF ZHENL 72 (R, B, &BE, &%

Table 1. The airs sampling time, altitude, latitude and longitude for COS measurement.

EARA IS A A TR 3]

N—k 53 i BE B FREE

(1t 51F) (m) (E) (B)

980305 NGY-PTR  23:49-23:51 5805 35.8 137.2

980306 NGY-PTR  00:53-00:57 11317 43.0 142.1

PTR-ANC  04:43-04:44 4536 53.8 158.7

PTR-ANC  06:43-06:45 3438 60.3 -177.5

980307 ANC-BAR  00:30-00:34 3640 66.3 -151.5

ANC-BAR 01:21-01:25 11941 68.6 -154.1

ANC-BAR 01:47-01:48 6756 72.0 -158.4

ANC-BAR 01:56-01:58 6754 71.2 -156.8

ANC-BAR 02:17-02:18 3283 70.7 -155.7

ANC-BAR  02:33-02:34 3283 71.6 -157.4

980307 BAR-LGY 06:45-06:49 11928 82.1 -151.0

BAR-LGY  09:02-09:05 11917 823 11.0

980308 NA 10:59-11:02 11906 79.0 8.3

NA 11:17-11:19 9997 79.0 8.9

NA 11:28-11:30 8272 79.0 9.3

NA 11:40-11:42 6365 79.0 8.9

NA 11:51-11:53 4663 79.0 8.7

NA  12:03-12:05 2827 78.9 8.6

NA  12:21-12:22 477 79.0 9.1

NA  12:24-12:25 2388 78.8 9.5

980309 THRO 10:30-10:36 11935 75.1 14.5

THRO 10:51-10:53 10247 73.1 13.2

980312 BAR  21:05-21:06 1551 71.7 -156.9

BAR 21:12-21:13 3661 72.0 -157.2

BAR  21:23-21:25 5996 72.0 -157.0

BAR  21:30-21:32 8018 72.1 -157.0

BAR  21:36-21:39 11940 71.9 -157.2

BAR  21:44-21:48 10061 72.1 -157.0

980312 LGY-BAR 16:13-16:15 11927 86.0 11.0

LGY-BAR 16:48-16:51 11921 89.8 -151.1

980314 PET 03:24-03:26 9126 545 160.5

PET 03:34-03:36 7309 54.0 159.1

PET 03:38-03:39 5413 53.7 158.5

PET 03:49-03:50 1792 529 158.8

980314 PET-NGY 07:19-07:23 11933 45.7 145.2

HREIZL L W E RFHERELTW A,

EWNICFE 2 2 6 o KRN, B BERFERGHIBRBRIEMIFAT O EBRE Toath L 72,
COS OB UM E I, %9 1000-3000 mL O KK EE & —80 & TIRIRERMAE, BART/ =Y
L, #AZ7a= k27771 (GC-FPD, Shimazu GC-8A) T{T-7: (Ilnomata et al., 1999), ¥
77, CS: b[EIRFIC/EE - EE L 72, COS KU CS: OMHBRIZ, 2 ZH 13pL, 11 pL Tho
7.
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3. JtiREIC B B COS EE DOSRE S

LR 81 5 COS IREDSRE S 2K 1a, b IR LTz,

latd, 199843 H 8 HD=—A /LA (Ny-Alesund, 79N) 24285 1F 5 COS DL
EAHE TR LIz b DO TH 5, BADOHRES L SEREIEEE 1.5km LUT, BEEIEL 9 km 2L
FTH B EHEE S MBI O COS IEE OFEEMEIL 411121 pptv T, 401-428 pptv DHiFH
ThH-oi:.

Ibid, 199843 A 12 HD/xu— (Barrow, 72°N) 22 CEIHIS 7172 COS B DRE S
FERLIcbDTH S, ROIOREMn 6, BEREZ 0.5 km PUT, BEEIZ 99 km LLET
b5 EHTE SN NTREIC BT S COS EE OFMHE I 410+ 15 pptv T, 404-420 pptv OHIPH
TEHl s,

S ANAYB LU O — FEONTEEIC BT S COSEBEOERZED N1, %
72, W OHOREFED S 1F CS: REKFICER X, NS DRKFEEHZ DWW TIZKNIC * %
EUOYAR
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Fig. 1. Vertical profile of the concentrations of COS (a) over Ny-AOlesund, March 8, 1998,
and (b) over Barrow on March 12, 1998. The dotted lines are the boundaries of the
boundary layer and the free troposphere (lower line), and the troposphere and the
stratosphere (upper line). * indicates a CS: detected air sample.
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BB 810 % COS B, MIRBEEAE LI, S TERREEIC 2 TR T 2 HRHEE
»oh, TS IEEBET COS M EERIGIC L DIHBESN TWE LT 38 EFBELEWL, 2
o DORIEEIC BT 5 COS DBEERAERIE, =—A VA AR T T —FEZETRENT
LRI T,

4. XNREIZ BT % COS BEDEETA - ShE A

21, HAD SIUEE $ COMZERERTOMREERO LT 794 b eo—A LAV R
NO—HBBEOE 70 7 7 A V7 74 MEICEE S Nz mRBIC 817 5 KRR W TE
Sz COSEBEDHREME/RET L (T9N; =—F LA, 68 -T0N; /N0 — {5, 53N; ~
TuxX7u7 A7, 35N; HE) WRLIZbDTH 5,

XA BT 5 COS BEIX, HAEZE 35N) TBHl S hz SR % 512 3 1E 378-433
pptv O&EIFH (I 412420 pptv) TIEIZF—ETH D, BEC L 2BEZITZD Stk -5
7z, CS: BFERHCHRE I RO S iz s, ZHoDEEIX 20pptv LT TH - 72, CS:
OFIRICIE, AFREENC X 2 NI (LEHREIORSE, EMTH, BBHEOES) L GR»
SOFRA e, BB, BR, @8, Klixl) B¥bsLvbhTns, Lrl, AMES

12
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Fig. 2. Vertical profile of the concentrations of COS in the troposphere over mid-high
latitude in the northern hemisphere. * indicates a CS detected air sample.
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DEFELEHARR TR ABRIC L 2 CBRHENERFEIC L 2HECHARNTHEE TSN
EDMFEREX LTS (Chin and Davis., 1993; Dippell and Jaeschke., 1996), OH Z ¥ 7 )V D
WHEBELZDH LICEHEL CS OFFEMPBATHS 2 L #FFET 5 & (Tyndall and Ravi-
shankara, 1991), CS: OEHENALE « BARROL T HUICE &, CS: BRI RKUE I D
KLEPHFHEICEA SN T o ORBRFHPENI L Z2RKBMLTWE D EHEZ 5N 5,
Thronton et al. (1996) X, ARNEBIORE L 5 T AKKOEIELE LT CS: DEEZHWTWL
505, BB LETERIN TV CSHRE (<I185pptv) LH#EL T, JLEEARSH D CS:
BEGESVERE TH S Z ERB I N, BROFKEIRIC L S CS: OBHOEENFE
BEThH 5 &30, IBRRTIEERE FZERTUCHARTARBTRIC L 28IV nbD L F
25, CS: OMALFERIGIC L V& s COS b7 D EHEE XS, Inomata et
al. (1999) 1%, 1995-1998 FEDHARM, FHIE EZ2 (355N, 137°E) TITHh N2 EH (5E
450-5500m) 12 X > THE S N7z COS DR 1T 348-475 pptv D &iBH ((EHIIEEE 399440 pptv)
THDEHREL TS, SINLUL, B 5500 m UFCTHERE Lz KRS D COS Ty
(41121 pptv) &, HPE EZ2D COS HHRE L ¥ 2 & miEEANRIG L Tz s, 28
FHNICZ EN, KERBEZRAEDONEL 2. 2O Eh5, CS ORIz XY
3 COS BIFAZH D COS EEDEFERII > T B AREMATRB S Nz, X512, B
I AATRE T H 2 08, ¥BEE « 11 - {4 K12 X B COS DRINEEIC L BB L 51
ERIREHDEEBbILS,

2B, ~FaxTa 7 A 7ERRTIE, Kilchevskoi (56.06°N, 160.64°E, 5 4.8 km), Bezymi-
anny (55.98°N, 160.59°E, 15 2.9 km), Karymsky (54.05°N, 159.43°E, &5 1.5km) OB KE
D3RG STV 5 (Smithsonian Institution, 1998), <7 1,870 7 A 7 FZ¢ (53°N) CEH
NIz CS DWW TIIKILEENC X VR & ui-mlgetE T & 4evy (Rasmussen er  al.,
1982)., L L, CS: DBHE AT D COS BRI, KIUDOEEE S T ThuihnEEZ S
N3 RZHFTHESN: COSEELIZIZRICEE Th-7: 2 L o¥ WL ¢, COS EBEL2ZE 2
ZIFED CS: DI E>Thieo I nhholcbD EHEIND, —FH, AAMP 98
OHEAEEZETEHAS L7 COS L, Inomata et al. (1999) DIREED EEE G L T
7z2. AAMP 98 D&, (EXESHAREREEZ @B L TWwic 2 &, RUKKSEHEEGY S0
WIS PER EEO LV — T 4 VT X BEEITIE, BE 4-6km (P CEEELEE S L
Tws (BEARER, [RTHEK) 2 &, NEEEFERZHARDIR T CS: 3 REIFCHIE
SN L ErSYMTT 5 £, AAMP 98 TEIf < L/ miBE O COS 1, #iFRfHED ARE
BOFEL D T TR BB LA CEE SN R EETE b D EFHEZ o
5.
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5. BBEICBIT 5 COS BEDEESF « SRESA

B3 12AET 54 FEREIOITbNEE 12km 28175 COS EBEDEESAERT. B
12 km @ COS B DA X 364123 pptv THIRE D £ OFEE (412420 pptv) 12k~
TE» 57z, LrL, 68-70N TEEI X /- B I EEE AW iBE TH - 72,

AR EE TR & h, KRURER S L THE» S BBz & b 2 THn
Twb, ZOWEDIHI, TEEED 5 ORIBBAEICTHAT S Z edgifonsd, 20
fe DI BIBAE OB AR, 1IZIZINILIREE 25, —F, TREOKRBEARIE, Xf
BN TAE U 2 REHBEORTEILOFE . 5 TR T\, BRI, 40-60°N L Tl NTRE—K
[ERE OB R EAESE L B 5 72 D10, BRIBEDZESTM EMTEEOZ L & DRADEI hRT <
7% (Holton et al,1995). ZZTRBIRLRM 1S, +T7¥ 27 b —f@#fic X % & COS
REDHBIEOARRUS, FREED S ERENRE I Tz, 60-70N TEEI X /e R
FEWIBED COS i, MMEORTOERMEIC > THBE X I N dTH D LF 2
shb,

FXIEEIC 515 COSIBEDEEZEHS I T 572018, MHERFEOZEZESIMOTMAL R D
Vg b #EZ SNSRI FHOARTICDWT, BEIX NIz COS B LB L ORIk ZFH~
7z (KM 4), BALEEE L &MY 5729, BIUIPEVIEEROEEORIPERE N
DEFEZS5ND, LaL, @7 320-368 K OFEHTIX, EAIOEWIC L S COS DREZE TR
FEOEERIZSL £, ol LThbTFRIEOONTHBICTE R,

B 51z COS BE L@ OBAmN %3, Wi, KAOWEWCEX XN ARICREFER N

500

450

wl i

z
B R
[ N SO U UORSPTOPSRRD: (ORTPPPS b SO (ARRTO: (TN OO OTY average
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Fig. 3. Latitudinal distribution of the concentrations of COS at altitude 12 km in the lower
stratosphere in the northern hemisphere.
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Fig. 4. A scatter plot of concentrations of COS against potential temperature in the

stratospheric air samples. NA and B mean the air samples collected over Ny-
Alesund and Barrow, respectively. * means air collected at 45°N.
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Fig. 5. A scatter plot of concentrations of COS against potential vorticity in the stratospheric
air samples. NA and B mean the air samples collected over Ny-Aolesund and

Barrow, respectively. * means air collected at 45°N.
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LYHETHY, RROEEEN 0 WIEEEWERZRT, 207k, BB BT 2 @A0k
HHRETOMED HIEE2DICKEVEEZRT, -, BUOEWERIZE, LVEVEED
KLKATHHHDEEZ NS, BAIOMEIX 3.3-9.5 PVU OFFHTEEIL TWwieds, FRITHT
% COS BE OZEEMEM BRI 2356 L FRRICE IO S o720, b T
PLTWBEICHRZ B,

Z—F VA RN T — FZETHR S NIEA D COS B DSRE D 513, KBEAKHD
COS DWE T FE ORI & A T 2 A A Sz, L L, BRE TERIC B W TEHIX
NIz T NTOKRKEARF D COS BT 2N - WLIOBFRD S 1E, COS BE DR AER
BEED SNV, kb IHLIED SN IZTERL, ZOBERELT, =—FVAYP
o —_RZETERI S 117 COS BEDORAMERIL, &E 10-12km 281 2% COS BEAEEH
NIV D ThHotz 2 EBbITons, X561, HREREEEIERD 3 HIU»IiThbh

90°W |\--{[ 1 7 Kij o {900°E
: :\‘E'.
Latitude  30°N <%0\ 870 1 Al
00

Longitude

6 199843 A 14 H 78 (HFEARERR) o 360 K FRAIHE 2 81 2 i Wi, BeF i3

i %FT (B 10 km2kg's ). I0PVU & 8 PVU OIBAR % AR TRT. #HERIZ1H

AIASEOHEE (> 10PVU) 2R"7, @1F, K4 L5 D *HIORKEEE & HRE L 723
=

Fig. 6.  Potential vorticity (PV) distribution on the isentropic surface of 360 K at 07UTC on

14 March 1998. The numbers denote the PV values in units of 10~° km* kg~ 's™".

The 10 and 8 PVU of the potential vorticity are indicated by the bold lines.

Shaded areas indicate high potential vorticity. ® indicates the sampling sites of the

* air samples as shown in Figs. 4 and 5.
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7272 DI KBEED385 <, T ABE TONFRIGIZ £ 5 COS DEALDSFEFR IV 2Tz i,
HARE R AMER DR S ol b D EFEZ 6L, ThE TXIiThbh B L5 L, &
E2kmUTFTREENELLBIZONTCOSDBEMEL B I LBREINLTVLS
(Kourtidis et al., 1995; Leifer, 1989). KB T LV EOEEORR[ETNT 52 LN TET:
5, COS B D AMERA % SFRE BT & 7o mREE b b 5. /2, SRR L 22 X S IcEE 12
km I2 513 % COS DR IZ, MREICHE 0 2 FEE LT 2 L{EL 2 LB o h
TWw3izh, IhsDbT rRREEIIKER FED COS DIRE DRV Z2THE & B D%
SHOBESWC LR EREL TR0 8 LIV,

FRIREE & MDA DB R R TR & L7 KEH D COS ¥ L iBAL, 10 & DRf%
¥, BRIBE TEORT L FEROER 2R L7 (44, 5), FiZ, 45N THR S 7z KAUIERIBE
DOEENTVRIZb 26T, COSEREIMEL, - BiidEmr-7 (84,5%). 0K
SRR E N2 1998 4E 3 H 14 0 7HF (GMT) O 360 K Z8A7TH 12 8 1) % @AW E R %
B 61zRT, 60N LULD 2 —F ¥ 7REERT 2V & KEEILES O—ERIZ BT E Va8 (> 10
PVU) 2VRENTW S, F7z, T70-40N IO X, UK TEIRIX 17z mnlfi & 13134
LWEZRTHEESREL T 2 EAVRENTW S, KRAFABEIGS (K6 @) 13,
HRBRL OB R TH - 72 2 &, KUNTED N.O OFEID 5B 51T 5, BulEE T DL
TESHRDOHBEITERICE LU T D Z L 2R T 2458 (Bauer er al, 1994) 2FE[ET % L&,
45°N I TE X N7 ZESBRIAG D S BN RS EIT N - Rl H 5 Z L 2R L T
W5,

6. ¥ & ®

JeEERT - SRR BT A E - TEHREBEORILY VA=V OBRESRERES »IZT
27:8, JABMZEREIE (AAMPIS) 23EfE S iz, KEAEHIY > 7Y v 77 I X aici
WMENTVLE70, BOENTEESMIARY NITRONZHDTLDRWL, LHLLEDS,
JEEkT - BREEORIEA VRV OBREOSRESE (12km LIT) RUEE S (35-90°N)
2BLIENTE.

XMFEIZ BT %5 COS DRI, HALZE 35N) THE S - EBRE 2R ITIE, 378-433
pptv OFEHH (CEEJIERF 412420 pptv) TH o7z, SIN LULD COSEBREIZIZ, B X 2%
EEIRED oL, BB LETHASAZBE LR L THLBREZITD ooz,
53N LU OBRAIEER T3, HryFarosis R CS: DEREELTA L DRSKGHE T
ENRPoT2ZE, HEVIIRE SN TS ZOBEIITHERE CEEl S L7 IB8K L L TR
WIRWZ L 2ERT 5 L, 53N LULOBRIEE T CS: DMALFERIGIC X D R S 17z COS
IR AR 0L O LRI, BELRFEO 01213, ¥ - 158 - Yk S X % COS
DODENFIZ L ZBEBBEC OO TLEBINETHY, SEOBELEZONS, —H,
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AAMP B IZ BV THA LB TREAIS W BEBEL, EXESEEL T Z L 2% ET %
£, NEREBOFEZH S 5 F o HBEOZSBH I E AR I N2 2D TH B b D
cHEsn,

B 12km 2B 1T 5 COS ¥BEDOFIEIL, NTRE T S 7 FE & L TEWL 2 &
g onIz, Lal, TERERE (S 10-12km) OKRKUCB T 5 COS BE DOSRE b
5iE, BENRHVIZEBENRDT HERD, FFERCOTLICRD SN CTERL, Zhd
D ES, BFEICI TEKRER ERELE 1-2km) TD COS OALEREILRIZIET I
Plnb LRI,

S, BRI COBMGI £ ¢ T, COS DYHBEIS A B T 5 LCEEL T — 5
WiBTHA9,

B O
KW T, HEERERI OB KRR ORI SIEE RN E R4, BN
BEAHALECBECOLE L, £, KERE2TOXHiD, F1YE R 7 —E Xk
ANEHDOFRICAKREBWEECZ Y £ Ui, SRAIMIBEROFERICIE, BEEiREEZEM
DEHTRIC L > TIER I N 70 7 7 48R L £ L7, & JICE#EW- L g 3, ABFZE,
Bl RERMBIE GREES 1014104 ((KEREF SIRE(E), 10144211 (REKFE mkER),
11131210 (fRFRFH HKEER])) I L 2/80% 5 107z,

X ®

Bauer, R., Engel, A., Franken, H., Klein, E., Kulessa, C., Schiller, C., Schmidt, U., Borchers, R. and Lee,
J. (1994): Monitoring the vertical structure of the Arctic polar vortex over northern Scandinavia
during EASOE: Regular NO profile observations. Geophys. Res. Lett., 21, 1211-1214.

Chin, M. and Davis, D.D. (1993): Global sources and sinks of OCS and CS; and their distributions,
Global Biogeochem. Cycles, 7, 321-337.

Crutzen, PJ. (1976): The possible importance of CSO for the sulfate layer of the stratosphere.
Geophys. Res. Lett., 3, 73-76.

Dippell, J. and Jaeschke, W. (1996): A comparison between natural and anthropogenic emissions of the
reduced sulfur compounds H:S, COS, and CS: in a tropical industrialized region. J. Atmos.
Chem., 25, 251-270.

Hofmann, D.J. (1990): Increase in the stratospheric background sulfuric aerosol mass in the past 10
years. Science, 248, 996-1000.

Hofmann, D.J. and Solomon, S. (1989): Ozone destruction through heterogeneous chemistry following
the eruption of El Chichon. J. Geophys. Res., 94, 11253-11270.

Holton, J.R., Haynes, P.H., Mcintyre, M.E., Douglass, A.R., Rood, R.B. and Pfister, L. (1995):
Stratosphere-Troposphere exchange. Rev. Geophys., 33, 403-439.

Inomata, Y., Matsunaga, K., Murai, Y., Osada, K. and Iwasaka, Y. (1999): Simultaneous measurement
of volatile sulfur compounds using ascorbic acid. J. Chromatography A, 864, 111-119.

Inomata, Y., Matsunaga, K., Osada, K., Hayashi, M., Kido, M., Hara, K., Iwasaka, Y. and lida, T.
(1999): Vertical distribution of volatile sulfur compounds over Wakasa bay, Japan. First Asia
Aerosol Conference, Abstracts, 165-166.



166 BRI o

Kourdis, K.A., Borchera, R., Fabian, P. and Harnish, J. (1995): Carbonyl sulfide (COS) measurements
in the arctic polar vortex. Geophys. Res. Lett., 22, 393-396.

Leifer, R. (1989): Project Airstream: COS measurements in the tratosphere and troposphrere. J.
Geophys. Res., 94, 5173-5181.

Rasmussen, R.A., Khalil, M.A.K., Dalluge, R.W., Penkett, S.A. and Jones, B. (1982): Carbonyl sulfide
and carbon disulfide from eruptions of Mt. St. Helens. Science, 215, 665-667.

Rodriguez, J.M., Ko, M.K.W. and Sze, N.D. (1991): Role of heterogeneous conversion of N,Os on
sulfate aerosols in global ozone loss. Nature, 352, 134-137.

Shiobara, M., Fujii, Y., Morimoto, S., Asuma, Y., Yamagata, S., Sugawara, S., Inomata, Y., Watanabe,
M. and Machida, T. (1999): An overview and preliminary results from the arctic airborne
measurement program 1998 campaign. Polar Meteorol. Glaciol., 13, 99-110.

Smithsonian Institution (1998): Bulletin of the Global Volcanism Network, 23, 13.

Thornton, D.C., Bandy, A.R., Blomquist, BW. and Anderson, B.E. (1996): Impact of anthropogenic
and biogenic sources and sinks on carbonyl sulfide in the North Pacific troposphere. J. Geophys.
Res., 101, 1873-1881.

Turco, R.P., Whitten, R.C. and Toon, O.B. (1982): Stratospheric aerosols: Observation and theory.
Rev. Geophys. Space Phys., 20, 233-279.

Tyndall, G.S. and Ravishankara, A.R. (1991): Atmospheric oxidation of reduced sulfur species. Int. J.
Chem. Kinet., 23, 483-527.

(2000 4E 10 H 20 HEA; 2002 4£ 1 B 21 HA2#)



