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Isotopocule Analysis to Source Partition Soil Produced N,O: A Review
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Abstract: Soil is one of the important sources of N,O emissions. Soil N,O production pathway is numerous and regulated by
variety of factors, in-depth analysis of soil N,O production pathway can adopt targeted emission reduction strategies. Stable
isotope technology has been widely used to the study of soil N,O emissions, N,O isotope method is an emerging research method
in recent years. This method analyzes N,O emission contribution by measuring the isotope composition of soil N,O (5*°N%F .0,
58020 and 6°NP,0), because not need to add markers, little interference to soil system and low in cost, it is suitable for field
research on N,O emissions and is a powerful supplement to *N labeling method. This paper introduces in detail the principle of
N,O isotope method, mass spectrometry method and quantitative analysis method, the factors affecting the method and its
application prospect.

Key words: N,O isotopocules; Site preference; Source partitioning N,O; Isotope ratio mass spectrometry (IRMS)
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Table 1 Values of 6 N™\,0, 6*®0nz0, and 0N y,o from different N,O generation pathways

N,O j= A &A% NP 0(%o0) "% 0n20(%0) 51N N0(%o0) Hei
N TR 57 37 KUK AL (bD) -13.8 £4.9 34.9 6.1 —22%32 Decock 2061
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- 9.8 +25 -0.1+86 Sutka %[0
- 27 +3.3 - Lewicka-Szczebak 25:27)
TE AL AN i R i1k (nD) —29.0 +6.0 9.8+15 -1.0+4.3 Decock 41161
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18.6 +0.3 3.001 28.9+1.0 Jung 428
FFEE A (hN) 9.6 £5.4 37.2+125 27.7 4.3 KRB FEA
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- 29.1+7.8 24.7 £6.6 Jung %281
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Fig. 1 Scheme of stable isotope ratio mass spectrometer in five-cup pattern
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Toyoda il Yoshidal™®%& 1 MAT-252 i I, Wi
NO'E F iRl 70 ~ 86 eV, TMiAC IR
i A2 Delta V Plus BTig{%, 4 FhgsfikT 100
eV &3 NO™ i I 2), WmuillE 45 R/ A
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3.2 EHREFE

N,O 7EB FIRP &k ATEHE, FEmE [NOJ
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B kT 22 ) 5 B H OHT I E #HE N . Toyoda il
Yoshida!™® | Westley 2181 31 7E MAT-252 . 253 [
I EEHER 7K 25h 0.07 ~ 0.09, B [NO]" &+
A 7% ~ 9% &K H B-N; Wi Sutka %52421% 3

IsoPrime 3% A FHEH F 7] 1k 19.5%.

Rx2 BFRETHUNESFREBEENZIE
Table 2  Effect of electron energy on intensity of ion flow
HLTRELE (eV) m/z 44 {55 5 R (%) m/z 30 55 %I (%)
1 2 3 FIME 1 2 3 FEE
100.0 17.52 16.08 14.83 16.14 11.98 11.28 10.79 11.35
70.0 40.01 42.14 41.15 41.10 42.19 44.49 43.99 43.56
TE: RS R L 124 eV 1B TR A ST
#*3 BTFREETUI N0 BHIRFAIAENEENSI
Table 3 Effect of electronic energy on N,O isotopocule determination
i TR (V) 3ON™X(%o) 5NC 5°N? SP
WEMH%) T (%) 5 18 (%) P (%) 5 18 (%) T (%)
70.0 -1.686 -6.831 -6.721 3.459 3.348 10.290 10.068
—6.673 3.301 -9.974
—6.656 3.284 -9.940
100.0 -1.686 —4.266 —4.475 0.894 0.940 -5.160 -5.252
-4.106 0.734 -4.840
-4.564 1.192 -5.756
124.0 -1.686 -4.436 —4.444 1.064 1.072 -5.500 -5.516
—-4.257 0.885 -5.142
—4.639 1.267 -5.906
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I EBE R P NNO FT NNO S fhk #3525 RTE
SRS b I S (5 B A i — A B4k, LR
AR AR B A T HE R - o A MR TR A S e I S i
(0 E R e 4l P NNO 1 N*®NO {4 (>99 atom%)
B FARE A T /EAR 1 NLO “<14(0.3663 atom%)
RAr, BIATHIE— 2R R NNO Al N*NO
SR PRI E AR R S PR AL TN — &KL,
RERACHEHEH F o SXBROTE T, NHNO; #Ui vk
P3N A FEHER A ER, (HERE R BB, T
R AR, AR AR TR A5 VA B AR X 8 B

H R R A 58N G AT AR S B ol A v SRR 5 1
5 TEHED B9 ARSI fdi Y Delta V Plus J5
TEA, 3B A AR L AR G i i EHER 14 0.085,
X —45 5 5 Toyoda 1 Yoshida™®, Well 251 Mohn
25 2L T30 (445 54(0.08 ~ 0.09)— %K.
33 N,O TIEfRESERRHE

HTREIE = N,O EPFrArESAR, Wifarfe A
S E NUERRACHE N,O TARFVRUESIR, — EHERIL
WG DL XERT . B8R NHNOs $f A Bl 1) 2L 0 5
1 N,O SARENS SE I TAEARE AR AR HE, (HiX—
DR R, TR R R PR TR B
ANSERG A N RS, E EANEE ST, L E M
JEIR R 2016 4F T i $E A USGS51 T USGS52 1 F
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# 4 N,O EFRFRAHESR USGS51 F1 USGS52 (%)
Table 4 N,O international standards USGS51 and USGS52

éﬁ% (515Nair 515Naair (SISNBair élSOVSMOW—SLAP (515Nspair
USGS51 1.32 +0.04 +0.48 +0.09 +2.15 +0.12 +41.23 +0.04 -1.67
USGS52 0.44 £0.02 +13.52 +0.04 —-12.64 +0.05 +40.64 +0.03 +26.15

. R EAESEIET https://isotopes.usgs.gov/lab/referencematerials.htm

USGS51 Hl USGS52 i He el 5 45 5 871, 0N \0
(B 2 R 25 4K, AR B 2 A o SR
P E R IE el b s AR 22 UA L T LB B
USGS51 1 USGS52 #E17W s AL 1E, i ml Ll I fig
BHEREE 0PN o (HVE B RS20 2 [ i b vfE A
AT S IE
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NLO F R 2 2H B AR 25 4 IRl 2R A R, AT
ST ARTRAIRIE R NO MHER Tk . Lk [ 1 3R
AR, R TR LR R A 2R A R A (two-
endmember isotope mixing model) & & & FHHY 5, &
LMY = aX + b E£mR, Hih v=6"N"y.0,

http://soils.issas.ac.cn



5 31 T BRAE: RO AL AMIIR L N,O M7k . BORFIRE 431

X=0""0nzoo TE IR FIR AR, WA AR X
N,O (HE 5T ik AT 38 3 [ R IR B TR Ssample = 0 s
1 ¥Firg + 0 mia XFau o VT, 0 net F 6 we o MU(EHARYE
SCHRFPRTA] NoO 77 A i A 1) 3% S o 25 0 15 21 AH
ML f e 1 A1 fiare o 278 B IRAEXT NLO FOBTRR R,
fwnit fan 2:1[44’46]( 2)@ :/ﬁlﬁ]ﬁ%@%ﬁﬂé‘{k
HAEH AR IR, T A N,O PR AR
ARG B AT , 55 20 A A48 W W 31 737 s o
BRI . P B NP0 A5
N,Op Hl N,On PR, A 43 5 NP rh e — i 4
AT 5317

AR, FEREEFET, N,O SIHFER A
Ny, Fifid5 i JEE R A AT, 0" N®P oo AN AL %
AR, TR X - BEEATAOE, A REMERR A HE
TR, NO S I AR P 0N 0. 000
N0 TR RN A —B, IMB R HR
(’7red15|\Isp /ﬂredlso i, ﬂredlstp /ﬂredlsN)ﬂﬂ%i%\%’ AIfE
NHEIE NoO i J5Ud FE RS IR B AR 049 1 2, AR AR
BT PR NLO P2 A 3R AR 1Y 6N 0 il 3°Opzo
B, FEREAE A B B2 AR R A ss s e, iz
JH Monte Carlo SR J7 B 7EBUE 0 P 45 H— 4> i
BARENR AL, HIRLL N,O iR Ny it Fitrh N
Fil 20 S8 5 F BB SE AR (rea "N Irea™®0) F 45,
28 b B B 2 ) D G BB T, P
Monte Carlo SRA¥J7 2 730 Fl N H— 25 h Ze B iz
st s T IO P i i 2, R D T SR A I 2R A 22 R R
A XA AR AR EE AL NLO B HE L 57 ik B3 ([
2). Lewicka-Szczebak 21 wu ZEH81 % 91, 75 SEBR
+3Erh N,O IRJFN N, ﬂ*ﬁ'ﬁﬁﬁ#ﬁﬁﬂﬁg(@ 3):
— R FEREIF(R-M), Bl NO kSR E 1
AR, EE IR AR N,O #B5id J5h
Ny, FIRABIEN NO SiEf . B Az
AR N0 REG s ZRIBGIEESFE(M-R), Bl N,O
FIRGFIRJER AR, AR AN NO IR G,
FEE TR 5T NoO IR J5 A N o At Tk — 2548 T Mapping
approach £& 1E N,O i JF A Np i B2 5 5 s, B s i 4
ZONEIRZ , HYE Rayleigh 4318 5 B A7 1E (4
K (10)). LA —FEN 6], TELAEIR G AL
SR AR A & T AKX (B) . (@)FRR, RIE
AFEG) ~ (ORABFIA IR 6N a0 1 670 {1
AT AR S 2 A R breg . TR A MTZR I RER amix FIHK
FE bixe HE AR T & ARG 2 72 (AKX (3).
(4)), PIAS3) Z5 58 £ 07N N0 Fl 6™ 00 (A 2
8). (9))-

50

40

—10 0 10 20 30 40 50
3"™"Nyaq, (%0)
2 ZRENERABREMEE

Fig. 2 Scheme of two-endmember isotope mixing model
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