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(Wrage et al. 2001; Ostrom et al. 2012; Zhang et al. 2015)
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Soil Biology & Biochemistry 84 (2015) 199—209
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BLERAIE (Isotopomer/lsotopologue)

« EX: HEPHFR—MIRHRERMRMARE, KHESY
FHRFAMIFHH EBR TR SPTRNTE, BHTRNE

M EHEBEMNSFEHRBNFRME Isotopologue  Abundance m/z
jmule fraction)

“NYNPo 0.99032 ) 44

_ ‘ “NN'0  0.00362 45

* N,O: N-N-O Z[EFAXTRAE LB S5 PNYN0  0.00362 45

“N¥N"0  0.00204 46

N (14N\ 15N) . O (160\ 170, 180) \NMN0 0.00038 / 45

. N N PN®N0 1.32E-5 46
ﬂv&i;}ﬂ\:ﬁ 12*'11 IE.M-\Liﬁ'{M—W (2*2*3:12) 1"'N15N130 7.43E-6
RASHEASHENEREE NN 743Ee

7N W “N®NY0  1.38E-6 46
_ 15, 114,17 )

SHA M= HEE L IRMSTE NNO o L38EC 0
N®N¥0  2.72E-8
“N®NY0  5.03E-9



Isotopologue  Abundance

(mole fraction) m/z
“N¥NPo 0.99032 44
<~ 14, .15, ,16 45
SNERE (off) SNONBO | g e oo
“N“NPo 0.00204 46

14, .14, .17
15N{'_|:3Eﬁﬁz ( Bﬁ ) 15N14N160 N N0 0.00038 45

B a

a position or 2 position : H[E){iZ

N-N-O

B position or 1 position : K\
515|<||3 6‘1'5Na

;@L §1oNbulk = (§I5N® +515NF) / 2

SP(RLAEEH{E) = 615N®- §15NP

-SP : site preference




EMIRMSHEN,OHFE:

(1) H55E:  NLO-N,+CO,, HBIMESSN 5, FIE 000w |
(2) BEENEZE: EREFRESAETRGERE
15N\]bulk
Precon(Thermo Scientific Inc.) - 0N
BiEm/z 44, 45, 46 =#F, EIERIRTMEN,OMIS5N 5 F15E0gyow 15
3)
. — 15N|bulk
i - N,O (75%) =) o->Nbu }615NB, Sp
N-N-O — 4 NO* (fraction to N,O* = 0.2~0.3) === LN
- L N,*, O*, N* (fraction to N,O* = 0.1, 0.03, 0.07)




EREFNOY BFEFN,0*

Fragment ion m/z Molecular ion m/z

HNB 160+ 30 14N14N150+ 44

14Nl::t 160+

15N|3 1601- 31 14N15N160+ 45

15ND! 160+ 15N14N160+

14N1TD+ 14N14N1?0+

14NB 1BD+ lENl?I:}— 32 14N14N130+ '_EN'_EN'_L:-CJ— 46

14NC¢ 1SD+ ‘_N"N"{j_
'_EN'_4N'_?C]—

BNEOo* 33 PNENYO? 47

'_iN'_EN'_SCJ—
'_EN'_4N'_S{:I—
“NPN*0 48

ERBHNEFESARIKI LREBRGRRT . FRGLLHIIAESE
m/z 32EZ0,FHi , AitA
m/z < 33 8km/z > 46IBFEZERL , FitA
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NO-N,ORFER FTEFIRF AR

> N,OSIFEEBEFMLEZRZMEF ( N,O*, NO*, Ny, N*, O) , Rt E FomRIRENE
> NO*RYFZR{NAN,OHI1/3 , BESIRENO A RS HE
> NL,O*HMINO*HIRIER FIRFEH I BEARE
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o ARBFEETN,ONBEFRTHLLHI ( DeltaV Plus)

EBFHEE BFinaE L=
(Electron (mV)
Energy) [ ,/230 m/z 31 m/z 44 m/z 45 m/z 46 m/z m/z no. of
(1x1010Q)) (3x1011Q)) (3x10%QY) (3x1010Q)) (1x101QQ) 30/44 31/30 measurements

124 eV 29470 3560 3124 2394 2191 0.2830 0.004 n=3
100 eV 25940 3137 2889 2213 2038 0.2694 0.004 n=3

70 eV 17036 2044 1874 1432 1309 0.2727 0.004 n=3

e Toyoda et al.(l999)H§liﬂﬂx'E2E% ( MAT 252)

Table 1. Fragment Pattern of N.O

instrumental conditions

fragment pattern?

sample electron
introduction’ energy/eV avg

normal 49.0 0.3051
86.6 0.3027
147.0 0.3108

with He 49.0 0.3136
86.6 0.3026
147.0 (0.3329)

variation®

0.0007
0.0005
0.0008
0.0002
0.0002
0.0004

no. of
measurementsd

n=2
n=23
n=2=2
n=2
n=23
n=2




o BF %x‘hij%¥mb§§r Ef] Ilﬂ

BFEEE m/z44 (ESTERE m/z30 (S8 = RHEE
( Electron Energy ) (%) (%)
1 2 3 Mean 1 2 3 Mean
100 eV 17.52 16.08 14.83 16.14 1198 11.28 10.79 11.35
70 eV 40.01 42.14 41.15 41.10 4219 4449 43.99 43.56

* 1910124 VAU TR RS
o ARHEFEEENIN,ORMERAMBNFERIUERIMD

HFEE= S615Nbulk 815N« Mean S15NP Mean SP Mean
(eV) (%o0) (%o0) (%o0) (%o0) (%o0) (%) (%o0)
70 eV -1.686 -6.831 3.459 -10.290
6.673 -6.721 3301 3.348 .9.974 -10.068
-6.656 3.284 -9.940
100 eV -1.686 -4.266 0.894 -5.160
4106 -4.475 0734 0.940 _4.840 -5.252
-4.564 1.192 -5.756
124 eV -1.686 -4.436
-4.257 -4.444 1.072 -5.516

-4.639




EHEEF(rearrangement/scrambling_factor)§JiMlE

Ne No-O+(X E)
EE.?@EE \ A +
_NJo_ O }-ﬁ F&F+NO
NP-N9-O = [LB/ NB-O*(A &) N

15[?05 (1 . y)15 Ra +_V15}EIB

obs

> HEEAEEF (v) 5, AIEEATURIENELSR
B1N = 315N + 2y(815Np, - S19NPK) / {A(L - 2y)}
SI5NB = 815Nbulk.|_ A(815Nb“|k- 615Na) / (2 - A)
A%P.J%‘%& ’ A:(15Roc/15Rbulk)SwI

> AREIRMS{YEEEREEF(y) AR y=0.07-0.09 (MAT 252 253); y=0.19-0.27 (Isoprime) ;

> BHRFARESNEEZN  BEXEFREEED

(Toyoda et al. 1999; Westley et al. 2003; Sutka et al. 2006)



SHFE (8°N. 8120, SP) BN, 0K , LLENEEFIRIEE

y=0 FoEEHEN

L B | l' T 177 l T 'I_'l'_l_‘I_IT T l_l 'I—-
o Jik— : NH,NOMRZE | 2000 | %
(o)
= 1500 |- —:
15 —— N15 z [ : 0.5
NH4 NO3 N NO+2H2O %1000 E.. ’_.-".E y=u.
> " " ]
5} B .- -
15NH4NO3 —_— 15NNO+2H2O —OQ EGD;I— __-"" _:1
DA Do
0 0 500 1000 1500 2000
o HEHAL Real §1°N® P
o HiE= : RCKIBRS] J o
0.005 -  slopex 1 FTSEEHEIRT
. ] o NISNI6O
0030 = F
. - slope 0.9127 m 0 15N14N160
SIS SNNOSENISNOS L A
= slope 0.
n g "0 = slope 0.9076 |
E 0.015 . i ,_'3_ -slctp-eﬂ.ﬂm:}_
= 2 ¥ ,'-"-"::z " slope 0.0821 |
=£EEE/\\\EE}_‘_NZO_\I1Z|§$%$2 ° 0010 - & _e-"
[ 3 . . —
0.005 - R " slope 0.0842
0,000 S———————————————
0.000 IJ'D:G |:IEI1EI 0015 D020 OG.0Es 0030 IJIIIEE {IDI?IJD l:I'Dlﬁ-
observed R

(Tovoda et al. 1999: Westlev et al. 2007: Kaiser et al. 2004: Rockman et al. 2003 )
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> NH,NO,#AZ%
NH/NO;##~E RFIBHFERIN,OSIK , STRREN, OSEAMEXTNERER SN, F11°NP, (&

e ToyodaZF A(1999)iZFNH, NOFAME ERIE T AFIRAEN,OSIR

TEARAEN, OS54

NH,NO i 15 NH,N \ WBARN,OSAEr  RERLIETEN,0S
FEE(%) N Gy pols ) WmbustE
sample ~ N,0 N2 OTENoy (%)  OUNPy (h)  OUNogy (h)  0UNPgy () OUNoy () 0BNPy ()
1 05.2 10.3 —0.94 —3.63 —-5.12 0.05 6. 86 I i1 1.09
2 86.8 10.3 2.13 -4 —6.64 _|_ 0.07 b.34 — | 427 -0.34
3 88.3 104 1.65 421 647 0.14 6.31 -4.07 ~0.20
average’ —40 0.2
+0.4 +0.8

* ERIEERFRIN



> MTRASEEMNIEE

{EFEEMRIES NPk | 5180 , 615N« , SBNFFISPERIN,OSIMENNIEFR , RIFSES.

United States Geological Survey
Reston Stable Isotope Laboratory

Report of Stable Isotopic Composition
Reference Materials USGSS51 and USGS52
(Nitrogen and Oxygen Isotopes in Nitrous Oxide, N,O)

These reference materials (RMs) are intended for normalizing stable nitrogen (6'*N) and oxygen (6"0)
relative isotope-ratio measurements of unknown nitrous oxide (N2O) samples. A unit of USGS51 and
USGS32 consists of approximately 200 pmol N2O sealed in a 6-mm borosilicate tube. These RMs
were prepared by the Reston Stable Isotope Laboratory (RSIL) of the U.S. Geological Survey using the
same high vacuum line used to prepare NBS 16 and NBS 17 carbon dioxide [1]. Previously, USGS51
and USGS52 were known as N-51 and R-6, respectively.

Recommended values: Stable nitrogen isotopic compositions are expressed herein as delta values [2]
relative to atmospheric nitrogen, which is isotopically homogenous [3]. On this scale, the N value
of USGS32 KNO; has a consensus value of +180 % exactly, and that of IAEA-NO-3 is +4.7 %0 [4.5].
Stable oxygen isotopic compositions are expressed herein as delta values relative to VSMOW (Vienna
Standard Mean Ocean Water) on a 8'*0 scale normalized such that the 6'*0 value of SLAP (Standard
Light Antarctic Precipitation) is —=35.5 %o [6]. The isotope-delta values listed below are a preliminary
assessment provided by Naohiro Yoshida and Sakae Toyoda of the Tokyo Institute of Technology

Preliminary isotopic compositions of USGS51 and USGS52 nitrous oxide reference materials
[The superscripts o and [j refer to the central and outer °
preference (SP) is the difference between 6"N*and 61, 2 @ . = .

15, 0
0 N AlR

N
155 P 5180 enmrm Sp Data
d "N ar 0 " OvsMmow-sLAp / AIR ource

1.32 £ 0.04 %e +1.48 = 0.09 %e +2.15+0.12 %o +41.23 £ 0.04 %o -1.67 %o

044002 %  +1352x00M % —1264005% #4064 £0.03 %o +26.15 %

Tokyo
Tech

Tokyo
Tech

\ /

Name  6"Nug SN d N &

H
USGSS1  1322004%  +0482009%  +2152012% = Il
i | _
l [ ¥
USGSS2  0442002%  +13522004% —12642005% [T FE F e e E =
|

N OTRHESIR

g

v i|
s LV
i
1l

* e slagmnt ramaring

31R

A4

SPN* =(**R*/*R% —1) <1000
o0 =("*r/"®R_, — 1) x 1000

BIR :17R+15Ra

31 _ 31 31
ref / I'-Rref — RN 20std / rRN 20std




REA USSR M/z 3189FH J

CHF;— RCYVF+33m/z SUSSHERAETIN , TBYETREER. EREBIEERDBERE |, BNk ERZR

50 PR S TS RSN SRR I R B Ee
'
""""" mass30

40 - N,O peak mass31 -

SD N - e
S
E
o 20 4 = E 2000
© =
= 5
= £
s 0
= 10 ’ -

|
-10 T T T T T T T T T T T T T T y
400 450 500 550 600 650 700 750 800 e

time (s)

(Rockman et al. 2003)



KSN,OFmHISPENE

MERE  m/z44 (mV) m/z31(mV) OB5N,, (%) 6180(%0)  SP (%o)

1 574 204 6.176 44.367 20.726
2 583 207 6.138 44.718 18.702
3 555 197 6.189 44.952 19.916
4 549 195 6.183 44.824 20.142
5 544 193 6.198 44.328 20.691
6 557 197 6.189 44.276 18.172
7 565 208 6.179 44.588 19.484
8 560 205 6.165 44.763 20.989
Mean (%o) 6.177 44.602 19.853
S.D. (%o) 0.019 0.253 1.009

> XREBEESHN,089SP = 18.74£2.2%0 (Toyoda et al. 1999)



NBN® O —7—) N, O source partition

N,O production: —O—-N N-—O— > N,O
(¢@#%)
N,O reduction to N, : N::NaI—O— > Ny
N,O
. FEMLEN-OREIMBLRE T SPEMER; Pror
NO
. SNIEREMEVRALNEEE | SaEe fod pEEMR
NH, ——> NHZOH—>NOZ'——>' 03-—> ; =——>NO—> N,0 —> N,
REIN,OF 4 R RS R E M MAEAE, H """""""""""""""""""""" S
N,O

BN LSBRESR, SPEIFARE.



4_ e
5 2]
* SPEE*Z:&}%%(NH4+1 NO3-1 NOZ_)B:LSNEE@%"H %h 0 '1 &= 04
0
N,O production (13 §20d) z 2
o 5N9, g = -10.4
N, O consumption (5—E 5 M) iz SNbulk, g = -10.2
2 5NB, £ = -10.0
N,O [ AN, =5 &ESPEAHS 8 . . . .
0.0 0.2 04 06 0.8 1.0
f(Infyl(1-f)
o1z oo B N %0 > 80%N,OMEE , PPAIBEAS
- M. EEESHNOZEFERIRR 70 | %
60 r I "z
Ve ; o o 50 |
AR EN20HISPFE (B (45 7 5 T 1B 55) I o~
® . ;_______-____,,,H::_'-.-__-:::'."- ------ i ------- ;
L5 A 51N, 5°0, SPITE RN EIRZHITIRE 20 | L L
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