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Vertical profiles of nitrous oxide isotopomers
in the stratosphere over Sanriku
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Abstract: The distribution of isotopomers of nitrous oxide C(!N®NYNQO, SNMN'Q, and
HNBNB0) in the lower and middle stratosphere was observed over Sanriku, Japan (39°N,
142°%) using a balloon-borne cryogenic sampler and ground-based mass spectrometry.
The abundance of the heavier iso—topomers relative to ¥NUN®O increased with altitude
and remarkable site preference of mnitrogen isotopomers, and difference hetween enrich-
ment of ENUNEQ and PNUNSO, were observed. This enrichment was generally expected
from the previously reported simulation experiments of photolysis and theoretical
calculations based on photo-induced isotopic fractionation effects. The detailed analy-
ses of the vertical profiles showed several differences hetween the chservations and the
photolytic simulations / calculations. This suggests that the isotopomer data of strato-
spheric NoO has a potential to clarify the origin, age, and transportation or mixing of
air mass, the solar flux spectrum profiles in the stratosphere, and other sink processes
such as a reaction with excited oxygen atom, O{ID).

1B L2

KGRI BB I N2 54 AV 2w 79 Y7o~k W EREEC B TERE LY
EERAWHEAMOTAT T AT ek, —BIAETEZ0 A ¥ FAte - ("NPNYO,
BNUN'S0, Bru UNUNPO)okEBIc B satRKkn k., choFEWFA vV b#le—
O UNUNSO 4 A R EEEE & blckinL, EFEErARREER (YN'NT0,
BNYNYO 2 hZhoBERoN) BEshz ColaREwT A v v —0RBEE,
s S h T 2 ENROBEEER DRI X - CHER ST S ER R &5 (3
B EI L A TSR —B L, BONAGHEAGEENRCHNT LN, BRI
BHET L HATER XA PR E O RV oo olHEMS D, IREBoSHORE, FR,
Bt « HABELEBEI B A ABEO A2 P VDM, EFEEEFT (0(D)

VR TEAFASRRAE TROE,  NERIFRREEN, R AFREENLN,
CEBEERY, TRk

This document is provided by JAXA.



4 FUBRETRTRSE HiE B45

L ORIED X 330 NO HEBROH 52T 20 N,O D74 ¥ bR~ — OEWREH
WTh BRI E N,

EEE: NO (b _=#), 7A v iH~v—, NWEHE 75344V 9w iV rrs—
1. ¥ C ® I

N,O (—RME =3 B EMERR, A & Yk CHREoBZHRERETH D LRI, KEEOA VY E
ORI EEEZ5A A EELNHRBSE TS 5. WHEIC BT 5B L RAN315ppb T, FERIMREK0.3% T8N
LTWwa, N,O OFARE LT - EOMEmiESic L 3 bo, T3 BRI ARNL LOMNSD,
EEEEE U TmEEIC B A EEREAMO R T WA, TAGDT7 I v 4 AOEFED T AR RN
SENTBYD, N,O OHER{EFACERIC AN ESE CEshTvwa (1) (1.

COE ST E X FUREFELEERES SO ERYEoH oIt RERMNAROBITRESTH L L
A, ChITTRBEFZEBIC A YicoWTREhTEL, &7 0w R @5oRMESNE, BEhoRE
EfiEosfmE2Hac Eitdy, tOPEORELET S &M TES,

Bolf N,O iz > W bdEaifr A oitildithna LS i - T & 4, BEPO NO 0BE R BLiE
(REHNEREIIM360ppm) © 24 7 v L Tppm) EHASTEWD, 2R BROTENEAELEFHEIL L

R IR

H1 NO DRER{EPHER
AWNEEIR 7S o2 RERT (RELIIS 7 AORRBRVICIEITERLEANBY,
CCTRUARBOKRSEGLTLE 7T o 7 AICHEM LT

This document is provided by JAXA.



2001 4E 2 B S ENOREBIC SIS NO 74 Y v - ORES 75

BlHEZ < W, S50, ENHOBSIETFATTHLLBT A b e—BIEEdT 24, 74 v &2 -0FF
MR E THESh TR - 1o,

FOUBEIC 51 2 N;O 04 ik & ol % - WRBEN ©omRRE, HHti X 5 HREIGD IR E
BT (0(D)) Lo EONBEARIE »TERIhTWAEHIONA, bhbhih, FilkicHRELL
T kY, 74 v PR —FBES LTREENG N0 oAHETN, REEIcBT 5 N0 OEFP, 3
i & EEOMTO N0 ol offii2Ea v s (2], [3], 4.

2. 74V bRe—&iF

T4V Re— (FUESTE L@ TRCELORNKESLSTETHY, SELFLFTROVWTH
2, NOOBARELLTH2wRLASEEMSY NG, o3 bk [ N,O oZERRAMELL] &
FREh TV b0, N O THERASHEZEELTVEY, BER T LA TEVS, $HbbPRONE
afy, HWH, THLLEONEZSMEERTLE, aER7A4 v rd<— (MN"NY0), B-BHTAV
pAe— (BNHN®0), BLOBETA v bdw— ("NUNT0, “N"N'®0) zhrho "NUN'°0 ox
FAEERE LT, PR, PR, R, PRARIZOLIICERT AT EMNTE S, ROy ERIEGKLL
IoRPuk 13 PR? & PR SIS ICHY S B,

FhEFROTA Y &7 —FELZEERE (NiZ2WTRAKTOER, 0o TRHEEEEMmK
(SMOW) ARV 51 3) oFEREICHT 2HRE S LTTHRTHRT BT ORI NS,

8N = (PRY/PRL,— 1) x 1000 (%) G = a, )
SNV (lﬁRbqu/mRbulskm_ 1) % 1000

= (5""N“+38"N") /2
510 = (R/ MR u— 1) x 1008 (j =17, 18)

N,O 74 v F e —oitilid, ovs s - A2RBELARENoTEREERSIEHER T, HTA44 v
(N,O'Y) £75 52 v 44y (NOT) z2hehoBBEMT2 Ltk TAEE -7 (3. "0
R2EL A A VEBOHEEEITROEESHVWTERY, 1A VRT73 74 v A4 v PHEET BONOEMK

B ali ISRaﬁ(ISN/MN)a
N-N-0O =[14-15-16]/[14-14-16]
14-14 - 16 ]5R’3%(E5N/14N)B

P =[15-14-16]/ [14-14-16]
14-15-16

]
{
i ISpbulk (ISRa +15RpP Y/ 2
!

15 -14 - 16 = {[14-15-16}+{15-14-16]}/{2[ 14-14-16]}
14-14 - 17 R = (170/160)

=[14-14-17]/ [14-14-16]
14-14-18

ISRE(ISO/lGO)
=[14-14-18] /[14-14-16]
2 NO74YhRy—DERLRGERE

BHETRAEZ 2074V bRe—H,
#HEO [N OEFRENER] KT 5

This document is provided by JAXA.



6 FHRFHATHE HE B4AS

AA VIR
N2O  (BrEEs)
-
@<l [ 111 S (BIBE)
i1l
@ AV
G(e]
m/z
30:
T IFalLbss—
3 TTTRNOT gy (FFIT—RYT)
32 Ny0t
)
44
QN 45:
[ e 46:

B3 EREAFRFERVENO 74V bR AERORE

B> W TofiEbiT- 7z,
ISR/isRsm — (”R/”Rsm)z

3. BRBENRELUSHRAE

EEBERE I TFHEAEIRIC BRI Wy 54 A V2 = v 2 v 75 —ZHWTIRELL 72 [8], [6].
19994 5 H 31 H i =FERRIREIRI» SHER X e KR&UR (B100-6) & 4 iwndMibhicin - ORAIL, &EL
4. Tkms 634.5km T T 2 kmOEFE ¢ 1L HHOoASEHBE o v,

AREE oM, Sy o -RERMrEERA LK o X S RHIERE BV, 100~250mISTP @
AREFHEZEES 4 vERVWTHEAL, NO 2REERAE B LR CO,, H,0Z2RVWITHERMKL, &
BIRAAY vt 757 CHYL tRERMEALERSRT~EEEA LA, I~8EEHELEELLL XD
SR, S EEREREEBLCEET 4 v b0 owTR02~05%, a, BERTA Vv~
EoWTRIA~1%TEH A, T4y bR —EES 2080, BNALEROHE 7T v =9 4 (NH,NG,;)
OEGMEI LD SEEL - N0 (afi, SMOERSFNFNNO, B, NI &FLEIEMHch T
3) ZHWTIT -7, 48, N,OEAK GBE) WHILARZEBOCECD (BFEEREE) &R o
v kIS AHVTHIES N,

1. BREBIUEE

6z N,ODEAH (BE) &7 v v —HhoSEafitrd, chE ol aANRCL 5
H23km E COHEMT N,O OFR « BREN AL MBS RO E LB REEZZ EMAESR TN T
AR TR LDEVSE TR SITHfEESERL D, W00%icbBr s &MLz, £/, 74
v R TR TE, SUNTHSPNP L &S, Sl E & biIcEDE (site preference : BRI &
Bl bhbh&RBERFRICILT, -2 b3 ) 7TOWES V- FHRKRICERL 27 — ¥ cF ¥R

This document is provided by JAXA.



WOLFEZ B

89.4

30} :
E Ot :
o 20b Ad43 B4
hsi L ? ]
= s 1
%:' - Tropopause ]

10 :

0: I H L 1 1 ] 1 1 t [ r 1 1 ¥ s 1

141.8 1420 1422 1424
Longitude (°E)

B ¥54F 0z w0 75—5BRLAKSHOME

P: pyrani gauge
M: manometer vent
SV switching valve

LN: liquid N2

89.1[75

= FHORBEIC BT 5 N0 74 b — DS

:Z'~ 39.3

Py

b=

2 3

" 39.2k -0 .
< A

(199945 R31R)
RRTRLCBATRMERE R, AL BIFR
HEBRROBFESTHD

centration.
trap i

precotumn

N

chemical
trap

142.8

-4—He

capillary GC

cryofocussing
loop

isofope-ratio-monitoring MS

NO*
— [
N20+g

5 ASHBEBNOO7TAY bRY—EHEHY AT LAOERE

workiné
standar

-

17

This document is provided by JAXA.



8 FHMTPETHATHRSE R HmAas

—e— Mixing ratio —a— 515\ —u— 5180y

e glop Uk —a— 15\

Isotopomer ratio / permil

0 20 40 60 80 100 120 140 160
40_'l”‘l'"I"‘l"‘l"'l'“I"‘l"'l_

Altitude / km

Omr'nixllli..,,l.‘,,]'..
0 50 100 150 200 250 300

350
Mixing ratio / ppb

6 199FO=FBLEeEs NOERRE7AY MR- OEEST
BELIIToRSE, 74V iRv—LkEBLoERzREO &

Asyat (FTR) ok 2B TRIBEO 7 4 v b B~ —HOAHEREEWME Lcdt (8], MR, dHoRKIED
MTHEPERIh TV S,
BT N,O ASAHRS NS, F A BIENTE N,O OFWEREAE Vb0 L HET 5 &, WERTORTHO
BIRRRICBY R E 74 v r v —HE ORI Rayleigh oRiciE S EEA SN B,
8§ — 06y = eln {[N,0O] / [N,Ol}
& 74y rate—H, [NO] BAL QUGBS 3
e T4 AT — BRI (Db AREGASIRR ¢ e =1000x (a— 1) ORRkIcH B)

BEESIZ 2 VT Rayleigh OBH&EMI R DT> 2 LM, O (FT), BEBoEXLLTERThOT
4 v b BERESG o Nk,

TR N,O ORIKI A <7 b ADORIGAY 7 b 2BBMCHHET &k > TT A4 v e =53 RRE%
kB BPEHTHNTOEN 9], a MOEHL L TORMEROFNBNOLh LD REVEHEEINTSE
b, AROHUERRChETRTL60EE -, 4, BADbhbWESLVL SHhOWRI V— THT-
TWAENTONRAHIEB I BLT LEBOENSE»D ShTwa [101,[111,[12].

L L, M7 CREEHUkmEEL LTEhPhoBERO@SMEL LY, RPJoBHEHRR Lo

This document is provided by JAXA.



200142 A = b olBERICEE S N0 74 Y e — OFESE 79

—0—815Nbu|k
A 815NB 44!--6180
L LA L llllll":&_200
12 §=38 +eIn{N,OVIN,O] } ]

1160 _
= £
£ o
(€] [
& 1120 =
prad &
2 O
w0 ] ©

dgo ©

'f = 40
0 0.5 1 1.5 2 2.5 3

-in{[N2O]/[N20]0}

B 7 Rayleigh OREBERNERBE L C1999FERAER O
HE A EDIE S NO OSBREATNS GEEEMEN) J&LEMHETS

FHHFiL o RE v, coBEE LT (WMRECBT 571 v b &7 —SHlolEkiEs, @ BRPEL0Y
R, QRABLUOEEAETH IHEBRRT (0UD)) Lol CERRILKE) 0%5, #HALoNsE,
DS WTRESAMIE S LUSAER ISl sh Ty, KBEOEE, BEIC L > TABROEESHN
BWHAE, 400 0BRREMA T EMEZ NG, HELS, REENOS ZERICBWT NO L
SRS NS & XOBEGRREE, KEEICBY 2 BRGEEE, KL & N,O BIREHERE 2Nk L T2 Ric
SWTEG Lt bOEHMS 520 TH S, RN SESLARLIEBEO N,O 0Bl LIRS E-T
FHETHMOAN T D e DEVERNLESETE30THS, INETOSMAKRIERBRIIBLT, CO, ¥
AT — Ay OREAEICREEN TORRBEOBE L R o n s HEsEl s n T b 8LIH, 4BIh
HHMOMBRA DSDABIEAERTH s DN S, (3) T, HBEEIRC B 5 2 BIREIES BRI I
B BENEREBEE, N,OOHERRC Y AHEOLAFEEICKFEL RS AT L E-T, Bp
FOSMEHMELT 5 ENTRENS, REESEOHEERIC Y 2 KRR EOR A 310961 & R
HoNTVEY, THNEBTEAMNRE L OMIEOFERHNCE{ Ko TV ADTRELALHEED
ELTWA,

oo 2 h e hieo W T lcRI 4 2720103, SRS ESPHESGOBRAL KAEE X

This document is provided by JAXA.



80 FHREHAETRE B AR
ORBR{EEE I B 203 RBOERERIC L AMEREZITHOLENS 54, 74 v iEv—LvIFLvig
EAREEI R 5 N,O O « L2 B0t EY > b0 LTS 15,

5. &

ARAERRR O UGB L E RIS CHID 208 - o, FHEMFIIZHTO SR THMM0 Ehs £ O =HAK R
X, FEITESIIIAT, RERTTRT OBMRE ORI B v i LE T

g & XM

[Z] Prather, M., R. Derwent, D. Ehhalt, P. Fraser, E. Sanhueza, and X. Zhou! Other trace gases and atmos-
pheric chemistry, in Climate Change 1994: Radiative Foreing of Climate Change and An Evaluation of
the IPCC 1892 Emission Seenarios, edited by J. T, Houghton, L. G, Meira Fitho, J, Bruce, Hoesung Lee,
B. A. Callander, E, Haites, N.Harris, and K. Maskell, pp. 73-1256, Cambridge University Press,
Cambridge, 1994,

{2] Toyoda,S. and N, Yoshida! Determination of niirogen isotopomers of nitrous oxide on a modified
isotope ratio mass specirometer, Anal, Chem,, 71, 4711-4718, 1989,

(3] Yoshida, N., and S. Toyoda: Constraining the atmospheric N20Q budget from intramoelecular site prefer-
ence in N20 isotopomers, Nature, 405, 330-334, 2000.

[4] Toyoda,S. N. Yoshida, T.Urabe, S. Acoki, T.Nakazawa, 5.Sugawara, and . Honda! Measurement of
the vertical profile of nitrous oxide isotopomers in the stratosphere (abstract for 2000 Western Pacific
Geophysics Meeting), Eos Trans. AGU, 81(22), 11, 2000.

[5] Honda, H, 8. Acki, T.Nakazawsa, S.Morimoto, and N, Yajima: Cryogenic air sampling system for
measurements of the concentrations of stratospheric {race gases and their isoctopic ratios over
Antarctica, J. Geomag. Geoelecir,, 48, 1145-1155, 1996.

[61 #HARE, @i £BFHZ, RRBEZ, OTHAEEE S 8 JRES, &N 8§ S8l aday . 24y
Y+ U7 IoREE B 2 RENRK[E MRS, FEHBEPRmEY, 40, 55-66, 2000

[73 Rahn, T, and M. Wahlen! Stable isotope enrichment in stratospherie nitrous oxide, Science, 278, 1776~
1778, 1997.

[87 Griffith, D.W.T, G.C.Toon, B.Sen, J.-F.Blavier, and R. A. Toth! Vertical profiles of nitrous oxide
isotopomer fractionation measured in the stratosphere, Geophys. Res. Lett.,, 27, 2485-2488, 2C00.

[81 Yung, Y. L., and C. E. Miller: Isotopic fractionation of stratospheric nitrous oxide, Science, 278, 1778~
1780, 1997,

[168] Rahn,T. H, Zhang, M.Wahlen, and G, A Blake! Stiable isotope fractionation during uliraviolet
photolysis of N20, Geophys. Res. Lett., 25, 4489-4452, 1998,

[17] Réckmann, T, C. A, M. Brenninkmsijer, M. Wollenhaupt, J. N, Crowley, and P, J. Crutzen: Measurement
of the isotope fraectionation of BNUMNI6Q, UNINEQ gnd MNUNBQO in the UV photolysis of nitrous
oxide, Geophys. Res. Lett,, 27, 1399-1402, 2000,

[22] Turatti, F., D. W.T. Griffith, S. R. Wilson, M. B, Esler, T.Rahn, H.Zhang, and G. A, Blake! Positionally
dependent V"N fractionation factors in the UV photolysis of N30 determined by high resolution FTIR
spectroscopy, Geophys. Res. Lett, 27, 2485-2492, 2000.

{131 Nakazawa, T.. T.Machida, S. Sugawara, 8. Murayama, S. Morimoto and G.Hashida: Measurements of
the stratospheric carbon dioxide concentration over Japan using a balloon-borne cryogenic sampler,
Geophys. Res. Lett., 22, 1220-1232, 1995,

[14] MR, ATHEE, BOKIRE, FARMEHT, FEREE BEEE OF4T, 5ARG, hEER KHEZ, KEE
2 KA ks A& ey LAYoRESm—B100-6 (199945 A31R) MEiiRad, TlRIIEERERy v
# g a, 115-118, 1999,

This document is provided by JAXA.





