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(1. BERUTEA BRL 225, M At 2100235 2. VLIRS AL B R E AU SC I s A LA, BT 2100235 3. VLR HIRE B
PEIT R SR FEEIFT G, MED 2100235 4. MBS BT ME LR E (FRIIERY), Bal 210023; 5. RS TR &
JRERE AT (hEREEP R U ), FERT 210008)

 E: NO, R HIEDM AR R OCH P, BAWEM. FAbRovrsa. LA EE S BusHo R A% 4
EJ 2T NO; 5 NO; 19 BN R E T . AR CBIEALIA Stenotrophomonas nitritireducens SRS ALAR R B 015 35 F1 5L
A, S R HR R NOL-PN SRR AL — PRt ERRINE o 25 R, O PR R S PR VR R R NO,
R PN (R R0 52 TC 3 22 5, 0T BRAE AR [ vk B RO RS e M A S R DG G FR A TR A 7~8 d 4 % 12~15 h,
4l N, 5 He AW 0.5 h BHREA LR O FIZs AL, (0 Ny IRERAS AR, 55 NoO SR TS0/, A ma il e 25
SRAUERATEFORE 2 B, R REAERAE S ORAP I ], Wl D2 VR A AR . (A TP R R AR, RIS SOBEAR R Y T
RHEE ODgoo 4 0.3~0.9, AT A ALACR , WD A IR B A 22 5 o (I AN#EIE 1 mol- L™ ) KC1 48 +4¢, BEnT
TRUESIRCR | BN X AT T3 5 o DAL (4 AN REHERI 2 AN [RI26 8 4 B rh NO; 9 PN FBE, %t 5~20 nmol
FIARFHE NOS [ 8N (RSN 0.1%0~0.9%0, HLKH58<0.5%0, B KIRFIL T AT . 4608 T LR EM . 54T AR,
KA ROANICANEE; WRSRRER; PN ORI

TS 8153 SCHRbRAERS: A

Optimization of Denitrifier Method for Determination of Soil NO, SN
Abundance

GUO Ru', WEN Teng">**" CAO Yacheng’, ZHANG Jinbo"*>**

(1. School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 2. State Key Laboratory Cultivation Base of
Geographical Environment Evolution (Jiangsu Province), Nanjing Normal University, Nanjing 210023, China; 3. Jiangsu Center for
Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing 210023, China; 4. Key Laboratory of
Virtual Geographic Environment (Nanjing Normal University), Ministry of Education, Nanjing 210023, China; 5. State Key Laboratory of
Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: [ Objective] NO; is a key intermediate product of several nitrogen transformation processes in soil, with low

concentration and fast transformation. The combination of denitrifier method and mass spectrometry technology has been widely
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used in the "°N isotope analysis of NO; or NO; in water. [ Method ] This paper aims to optimize the culture and reaction
conditions of Stenotrophomonas nitritireducens denitrifier method, and to realize the specific, rapid and accurate determination of
NO, -®N abundance in soil extract. Thus, we will optimize the culture method and reaction conditions, and bacterial
concentration of denitrifier method, then applied this method to the soil extract. [ Result ] There was no significant difference in
the "°N isotopic determination of NO, samples between aerobic shaking with seed solution and microaerobic incubation of
single colonies. The seed solution ensures the stability of different batches of bacteria and aerobic incubation reduces the
incubation time from 7-8 days to 12—15 h. High purity N, or He purging for 0.5 h can effectively remove O, and blank nitrogen,
but the cost of N, purging is lower. The transfer of N,O gas to the dry gas cylinder did not affect the accuracy and precision of the
determination results. However, it can prolong the sample preservation time and reduce alkali steam corrosion of the instrument
pipeline. Also, using bacteria in logarithmic growth phase and adjusting the reaction system to an ODgyo value of 0.3-0.9 will
ensure their denitrification efficiency and reduce variation between batches. Using no more than 1 mol-L™" KCl to extract the soil
will ensure the extraction efficiency and reduce the impact on the viability of the bacteria. [ Conclusion ] The optimized method
can accurately determine the '°N abundance of NO; in different types of soil with a measurement accuracy of 3'°N of 5-20

nmol and natural abundance value of NO, between 0.1%0—0.9%o, with most values being less than 0.5. Also, the experimental

period was greatly shortened, simplified steps and save cost.

Key words: Denitrifier method; Nitrite; 5N; Soil extract

R A R Wy R AL SR B Y R
W EHEPRMAN N EIEEMEIER, KRR
T MR AEA Y AL A VE T ol M LA Ak . FETCHL
BATNO; & A S . IRk REEEZA
R R R S IR =), 7 - R A
ORI 2, NO; VB —F S A E M AE, 55
BREMHEBCEDIAOC, HAEMA/NEEZM N0
F1NO BYFHERL S, 24 NO 14 #E 1 /N T 7= e il R
B, SEEH0h R, i BRI AKAEESR
Gr 2R N SRUI A A Py fa B, A2 i ™ A 2R
Bl g, P, B NO; WA i ER LA A A
B it —25 T ff AU A A b AU Rk AR R
HLH

NO; 78 3 PRI HGE , WM T 1 mgkg!
(AN, #AEZE 10 pmol- L', 3 1) NO; Al K
JRF NHS JE . NO; JEMAHLEE, i [ IRk
S . AL DNRA “5i 24554k R NO; ;
NO; HIHFER R K 2 A bR, ik
VERT . RASALVEI] . DNRA ., R & AL Rk
AL R ST B, KC ¥ TR B BURR 1 1 43
THAF SR, WARM PRI pH, NO; &K
A RIZLR A RN, 53 NOS PG THFERY [F]
BF, WA WA NOS ™A, (HIH AR 28] Wy 17
AR RILIR, AZ 00 B R R 5 5 2k i BR

il NOZ [F)7 2= 1 2H e AR I g o 3 BARAC i
] im it EHLAERR ( NH3SOsH ) Bk NO; J5 25
2, REMRKP, Steven Al Laughlin "5 7K L NO;
Ml NH,OH 774 N,O SMAEAl, SZ3E 7XF 0.5 pmol
NO; il 5 umol NOj [FI{7 4 AU HER I , HIX
—ITEAGE T ARICAE G, X A SR R e A
TORR I A IR 225K Silva 26U R HY B T ag 4k I
BPE IR BT IR BE AR A, (H G T IROK A
i, ANIE T 490 KCL UK, HRE S Ak 3 %
WA E 5. Mcllvin Al Altabet ' Isobe %111
Lachouani 45", Tu %51 4/ AL BLF & AL
P23 s, 3 Sl A A - SRR R R P AT o
NO; 1 NO; [Alf R AL, AAFFE N [ K318 . O
[ 2R Sk A , 7 ER) HN; A RIZEY) .
Sigman %V Casiotti 2617V F it = N,O i 5 Y
JR AL AN NO3 / NOL B JF R N0, SEB K {4/
+ R P A IR NOS /NO; (1 pmol- L)
[ AL e, (HJR TG X 43 NO, . NO3 ,
] HPUIAIMAR 78 NO;, , (HERVEALIREH, HoreiA
5t 42U, Bohlke 45 UV U AR PR A AL
Stenotrophomonas  nitritireducens F1  Pseudomonas
aureofaciens , Je%—iBJ NO; i N,O, Fif 5 NO3
N N0, SEBLT [R]— KA AR VR B NO; 1 NOj
(5 nmol N ) [A) (o Z 2 i AR I 5, H2 320y 4
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VERCEHT, B, BEdEa HERIEBE AR
AR

SR AR 20 R 1 2R R = NLO 3 Jirt il 37 1 1 ek
FCRSALART , B NO3 FI NO; 8 J5 A N,OMT i A=
H: Nyo P.aureofaciens Fl P. chlororaphis &%) 12 i
FHRWIRR R ALAN T, FH P KRR R PN
JEWE , WiRoK . MoK, DURSLEK S, (HE
fIIJEIEIX 43 NO; MINO5 , i S. nitritireducens B fE
L —iRJFNO; , A5 NOj R, BHH TEs—
M52 NO, i A= Py i 2021, Bohlke %5111 Yok
FHAF 00 %2 A ARRE S P A NOS TR R AL, 5K AR
ARG, R A, LSRR vk Y,
EAT R T R Y inG ELAS R 28 B ) +
BESh 225K, AERRYE 3 NO; R R
BB S K KL CI, ANHFE W S Ak 3 1 % 4k e
71, WEEZEA T2, FrLL, MHim R
il A 200 TR B IV A 2 A5 5 A [F] R ALY R 4R T
T HE— DR E o A A A TR R R Y SR Ak e
JIEEERE R NO, / NOj By 3 Sy ik fo (IR 4% 1k %
TN [F AL 3R A0, — BRI I ) PR AU/ S 8
I (5~10 d) " 227 Brg ol B b R [l 4k vk i) B
PR 22 S AEAEAR R AB H T /Y S, nitritireducens .
P. aureofaciens 1 P. chlororaphis ¥ M3EPEwR, HE
IR BRYIVAZNE = Ii1K S =0 & S =7 L = R NG o8 S i 5
PR T ARG SR R AR G IR I TE] 2 75 0 D 45
AW LT RS o B AR B B8 v 1k i
10 M NaOH, 5 ¥ JE B ™ A2 19 UM 2 J ki i A
i, IR T EAE 2 d WSERIE, Xt
0 5 i B 28 Ak, S AR AR AR
S0 RVE AR 2 R I — A B R, T
KBRS BAEEZARE RN R, 2 E 2,
RAHERPERT, AT AR AR IR R, R ik
RE 1 22 AR, X g5 R sgmm 3 Al —HbR i
RN, DRV 2 b s Al A AR T s IR
IR IR AR KA 218, M LA ) B A A A i 48
I (1] B PR ARG TR AR e T AR . PR, el
BB X MEORFRE R 2R, A2 R 7 7 R A B AR MR

ARWFFE7E Bohlke 2R IERE 1, 4R 5 R A1k
MBI FRI R SRR R REEEAT, &
Biaeor . R . A7 X B S i A T
B, B5A TR AR B E N B T

i ARE I E IR NOS 19 PN F BE i S il
B IEA R . RS, SRS 875 ENE T
FRPE . PRI LR T NOS 9 PN R,

1 BRI

1.1 RWELHAEERIESRE

ARICHT R Stenotrophomonas nitritiveducens
( ATCC No. BAA-12), EARSIEGRFEAT . 2 & Fh
TR 15~30 min, OIS A2 100 mL
BigRIEm 250 mL =i, BigRELAT N TSB
( tryptic soy broth ) ( 15.0 gL' ), ( NH;) ,SO,4
(0.25 gL™") Fl KH,PO, (2.45 g L"), AFRIR (H
I KA FS i s AT BR A H), HZQ X160, HZQ F160 )
26°C . 180 rmin ' #FEREIRE 12~15 h, A
W25 9 800 rrmin ' B0 5 min, 5B BN IR AL R
VeV 33, M3 4mL & 22.5 mL TR RS,
HATREMEOBREZESG, FHBL N,
(199.999% ) WX41 30 min, BEZS HXI, 70 HAUE
WA AN IR . B+ mL 4 K/KCLFER S H, H
AREFEBWFIMA 1 mL 20 umol-L™" Y FE &
(20 nmol NO; ) , FERW ZE/ 1 h JFHEAR . FhETH
2N 12~14 mL <Ak, HEAE 1~2 i NaOH [#
1% 22.5 mL EAS R, AT Al N, AR T, fil
JH A ol 8 AR T v 4 4 A0 [R) A7 3 B R S Y
( PreCon-GasBench-IRMS, Delta V Plus, Thermo
Fisher Scientific 5 S AAE 5 A 9 NLO 1% 6N i,
il NOZ 9 PN £,
1.2 EEFEGRL

ARSI R S, nitritireducens( ATCC No.BAA-12 )
Wy H 3% & B A OR 8 0 ( American type culture
collection, USA ). #4471 ¥3 9 G 1 5 ( 75%
2, JCHEIREE TUE 0.2 mL JC R K i 2R
R, LRI E 1~2 4 TSA (tryptic soy agar) “F
WO FR3E, IR 1~2 d, PRBCAR R
B350 2 ARHAE TAE BRI F AR

SR ARTIEA [tk VR BRI A e 2 L U/ e TR XU
WA RRRTIN A KB FR e E], R Weigand %507y
Pl KRR FIRGLA, USZRERTE., Bk
PR TAEE MR 5 100 mL TSB 5
73 (tryptic soy broth ) fJ 500 mL =i, 26°C .
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120 rmin ' GFEEEES 21~22 h, IHEFE RS T35
AR R FNREEW, 2 mL B NIA 500 uL
TCH 30%H A 500 pL H ik, #5251 J5-80°C vkAG

() #EHMor=Xmtik . X ASTLanEs S.nitritireducens
45y AT . 7 [RIHE R P BT % R
TWPF R 2, A E 3 A ER . KR
T3 CTE TSA (tryptic soy agar ) - 1 5% 2~3 d,
R G PRPAR TS 2% 100 mL B5 3R 3EAY 250 mL =
AR, 26°C . 180 rmin ' {FEFEE: 12~15h, F
TR FPHE N -80CUKAEHU 2 45 1 mL Fh 7,
A°C RIS R RS 100 mL B35 549 250 mL =£f
N, 26°C. 180 rmin ' #FEFEES 12~15 h, fii
FHEFRFE Lab-1 /EAFES,  HOBPIRR RN 7 200
H 8PN EHI M,

(2) K Rtk . 7EASRIHE R )i o A
R ARG PR O . AR 5% Bohlke 51"
AYSEE, RUHC 2 RO A 100 mL HiFR L)
120 mL & EMiEH S, BETES , B REA 1 mL
0,, 26°C. 120 rmin ' AR 4~5 d, ZkmiJTR
JRSEA IR AR VI 2 4 | mL Bl PR R B
100 mL $5 355611 250 mL = AR, MO8 8 2
A, 26°C. 180 rmin ' HfEFEES 12~15 h, fHi
SR FERRFE Lab-1 MRS, HOBCPIRR RS 5% 07 200
H PN ERE W,

(3) OSB82 SO Ak 4 B
Y JEE X NOS - N [R5 22 0 52 Y], 8 5745 ] ODgoo
(B0 B AR VR B, X s e oF B A S 56 2= b E AR
( KNO,-A., KNO,-B., KNO,-C) Fl [ 4% £ ¥ i [ br
FrfERE S ( RSIL-N7373, RSIL-N10219, RSIL-N23 )
I3 IHEATINAE o WA ODgoo LAY AE I LN«
FHEEHM3 6B 8 2= I K 600 nm FEATI5E , YEIHURR
ZRGT R L, DL IR 34 b 2 HXTHEB%J/\@
WHEATIE , "I 3 AEHCEY . Hrr, 25—tk
TR ODgoo (H43 124 0.42. 0.67. 0.78. 1.18, I
TARICHRERE i B E 5 5% KRR ODgoo (53
S 029, 032, 0.58. 0.60. 0.70. 0.88. 2.10, ]
T AR T2 B 04 1Rl s s v o 00 A
1.3 REFZEMRL

(1) SARREAMA . SO AN B % 5 1 4
SR AT, RBREE 25 F1( NOj3 |« NO;
M N,0), RSx4 He (199.999% ). =4l N,
(199.999% ) PARIE HESARAT AT L. IR

BHE R 5 SR A S it =, A ZNRE LT, 5
SREE AR A, RNIEAWGE . R R HE R
Br R I Ak B s R i B s R R A SRR 0N
PRSI, B EANEIE (TCRESY ). 1 mL 4K+
A . 1 mL ARifERESL Lab-1+F A, 413 MHEE,
WA b B A 5

(2) KRGRARAL . BB R SRR RS S
IRPIFP ARG DT, s 3 NEE . AL
A P P AR IR A9 S R AN 22,5 mL B5 R T A
2 12~ 14 mL 5K Fe B 2 U RS 19 & 1~
2 K NaOH [#{Af% 22.5 mL TissHH, #MA 14 mL
4l He PRFFIEFIRA . AR AL B H A
Fr ARSIV G SR, A SR I A
BE RSN, T 2 R AE A b 5E i
1.4 HiEREE NO; B "N B EE

(1) RFEHEE KC1 X NO; 5 PN &7 2 I & 1)
o, EHOR SRR KE KT, CL, AT RERZ I NO;
() PN TR 2 A ST ] 0.1 mol-L™, 0.5 mol-L™",
1 mol'L™". 2 mol-L™' ) KCI it il Lab-1 FRyfERE S,
TEWHE A 20 pmol-L", Al A 4 T 92 i AR P A
fEIE R . B PRER I 4 NES, R EAY
SRR 0.1, 0.5, 1, 2mol-L ' KCI A2 A% IR LA
K BC i i) = A EBRARHERE &, RIS [V EE KCL X
TS A 240 TRV PR 5

(2) TR A 2SR 4 3% b NO;S 9 PN [l 7
RME o A 9 T VE R AR L (28°14'N,
117°13'E ). “ZBUEZPRKFE L (30°52'N, 117°05°E ).
TR FE KRG 1 (43°88'N, 125°35'E ), J VA% H
16 DXEEMOK RS 1 (25°27'N, 110°29'E ), PU)I|$h= 4
M+ (31°23'N, 105°35'E), +3EMT | i 2 mm b
T 4°CUKAE. FREL20 g T4, 1mol-L ' KCILAS ¢ 1
(W - 4 ) $2H, 250 rmin' JR3% 30 min, BRKHFHE
3~5 min JE it PERF A o A SO B KCL e S g 4
Mt 450°C . 48 ho AL, TEAHEFH SR T 40 TR A DI E +
HER R NO; Z T, el NO; Bk, kMR
fiX . JLTARTFRCMBR, B 7E - 02 40 b A3
BT 20 nmol NO; [ Lab-1( B & F i h—13.58%o ).
EFRALXRA, FEREEMT: SHKENFRE .
1 mol'L™" KCI, HAFH 1 mol-L™' KCI g 1 =R
FE 5 RSIL-N7373, RSIL-N10219, RSIL-N23 #1714
iE, Il A AT IR IE
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1.5 #Emin kA B El

Sege TR FEAL R ARAE (R 1) A EPRbR
WEFE & RSIL-N7373 . RSIL-N10219, RSIL-N23( The
Reston Stable Isotope Laboratory ), 145 3586075 H #
TAEAREE (E 25504140 ) Lab-1., KNO,-A . KNO,-B,
KNO,-C, TEIJCE I HrA-[al o7 3 B e F A & )=
FH I BRbs AR A e . IS ATESEBR h, AR R 56
T B A PR RE 4K B 0.1.0.5.1.2 mol- L
KC1 g4 20 pmol- L™ AV .

F1 AXERMEGMRFEER

Table 1 Bulk isotopic data for materials used in this study

R OUNHEEREEY oo Mg
Sample ID 0N pi/%o0 "8 0vsmow/%o
Lab-1 -13.58 /
RSIL-N7373 -79.6 +4.5
RSIL-N10219 +2.8 +88.5
RSIL-N23 +3.7 +11.4
KNO,-A +112.38 /
KNO,-B +165.00 /
KNO,-C +422.17 /

TE: 1) Lab-1 2 A S5 % AL A9 NaNO, #7 #ERE M, RSIL
J&4 H Reston Stable Isotope Laboratory i NaNO, f5 #EEE i,
KNO,-A. KNO,-B . KNO,-C J& A 52 56 2 it il 19 = A4~ A [
OUN FEMFRMERER . 2) 6" Naw BHM TR N, 67N
. 3) 6" Ovsmow AN T AELAIbRMET- 233K 11 6'°0 .
Note: 1) Lab-1 is the standard sample of NaNO, prepared by our
laboratory, RSIL is the standard sample of NaNO, purchased from
Reston Stable Isotope Laboratory, and KNO,-A, KNO,-B and

KNO,-C are three standard samples with different 6'°N abundance
prepared by our laboratory. 2 )N x;; is the §'°N value relative to air

Na. 3) 6" Ovsmow is the 0'%0 value relative to the Vienna standard

mean marine water.

1.6 HELHESRKIE

ARSI ER R 6N I AR T RS N,
9 0" N i, LA 0N A2 IE (B A 28 B Propmvf i A2 1E )
o CrPEdEALBER A Origin 9. SPSS 19.0 4iit4)
BT, R ¢ K230 HI 5 22 3 BT i e A 56 22 5 B 25 1k

2 RS

21 BHFFHMRL

2.0 MO Rl R . R T

WP R EER N5 3% S, nitritireducens, & AL
NO;  N,O HYF I H 6N {HICHA .22 5%, {HAf
TSR IR B, AN AR B AR . BB
i, ELAT AR e R RS . 45 R s, BATE VR FIRD T
WP Rl SUALBE Lab-1 FrfESe, 7242 N,O UK
B mz "' 44 WETE AR5 h 16,78 Vs, 16.44 Vs (K
la), ZRAEE (P>0.05), 0] WLFHFEF LK)
FEALRCRA Y Wi R 2072 NLO Y 6N {E I
WX (P>0.05), 40-12.46%0 . —12.34%0, 5
Lab-1 7EJGZ 437 A3 - [ 437 2% J5 33 B¢ FRASC b Ay ) 5 45
HR(—13.58%0 )V —F, FhF W3 SD {E( 0.29%o0 )
W& T BRI Y5 3R (0.03%0 ), 5 Bohlke 25U iH
1 0.2%0~0.5% W) & o TEXEFRASI] b, Fh 7%
B 0.5 d BURIMEAE, R R VR VA SE A TR LR
1~2 d, P8Rk RS 2~5 d, #FE%
B, ATRESG NG A . AL L RE ) S
RIS T A A < B 09T G, T o Y o B 8 1 AT 4%
AP RRS A M, D AR R U ] 1) B8 55 55 114
ZES ., X—ROWEEHT P awreofaciens 1 P.
chlororaphis M 5E NO3 / NO; B[R Z 41>, HAk
i R ARAS ), (RS RE 40 40 5200 R . /D B AR
BEFRAN 247 A I 5 ) S

2.1.2 GPEIRIRAUSE SRR R A R
Pl R Lab-1 ARAERY 0N (BN 2 45 50 T0 b 3% 2%
(P>0.05), 4351-12.34%0+0.29%0F1—13.93%0+0.14%o,
U FEEE T Y 0N (H T 320 #1e F2 B H SDE T /I
S. nitritireducens =R, AR AL HE

K, TERAESME T REAIE R AL RS fbRE S, (R
AERKARR 18, I A5 PRI K BT 4T, 7F 4~
16 h fiEHH B R XPHCE K (F 1b ), Bohlke 451
K 50 mL BEHRZRIN 35 mL 5537 3E8, 160 mL %%
BRI 130 mL Br 35, SR IG ARk 2~5 d (3
FRANA O,) AR FHEM &5 IR ROl
JHE B, 7E 250 mL = fHUMA 100 mL £5 575,
PINZZ A fd it O, #EER K (12~15h), &
HEPRIEH, FERTE A, #RETEfEsE. o Raw il
PP SRR FR T T i, S TR Ry e R R X L
WORTEIRR RAEfRRE S, TEMEH P aureofaciens M
5E NO3 IR R FLER), KRS 0, &
ibiE, AR AR AR R A A B AR R 3
NO; AL MR, A=Y NO E, N,O
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B, S RARBL R B, BTN, 724
SIEIRE AL —E AR R Al N, 3 He U,
AT AR (0 T A 07 PR A A PRI , R R AL fE

I REA A KL BREIR IR P YR B NO, 5 NO; o E il

20—a)

&

——
HH

—
W
T

N,OU T R
N,O peak area/(V-s)
=
T

D
T

PATH X Single colony TP Seed solution
2R 773 Inoculation method

BAEXS P aureofaciens 2RI E 1535 24 h, 8
KR 3 h R4 N,, P aureofaciens e LAk,
NO; 4 N,O, RAHLRESIAZ R, JolFf & 431
B4, HOK K4 b R 1) B2

168

O D(v()()

1 PO YR [N [N [ I I NI NI |
10 12 14 16 18 20 22 24 26 28 30 32
B[] Time/h

T B REFRER TR EZS (P>0.05), Note: The same letter in the graph indicates no significant difference ( P>0.05) .

B BRI AR I A i U T AR L Ca) MB35 S. nitritireducens WA IHZE (b)

Fig. 1 Optimization of culture conditions on the comparison of peak areas of measured samples (a) and growth curves of aerobic shake culture

of S. nitritireducens (b)

22 REEHHRK

22,1 AARRE W R S Ak 20 B T T
NO; / NO; [y [FI 7 R HLAE T, 75 WG PR R Sy
PRAEIS, Al Ze BB R 5L rh sk B 1 NO; . NO; I
N,O, /b4 2% o6 I 4 B s g o 190, il
BEFH R 4l N, 5 He W04, 78 NO;3 RYIIE 1 8G He#ad
PR, RBRT TR, D 25 ) F 22k
FA e A R e P27 SRR He A1 N, SR
0.5 h X Lab-1 RFERINE 45 R0 B 225 (P>0.05),
A —12.37%0+1.11%0 . —12.46%0% 0.03%0, HICHR
S HTASC-TR) A7 22 BT i 6 PSR i o2 45 5 W) 4 . Bohlke
2O i 2 4 He W4 0.5 h, ZEALR N 26 85 57K A
B 25 (X REH ™= A2 19 N,O 47 0.05 + 0.04 nmol,
SOG4 N, R4 0.5 h i, 25 6 R P2 A ) NLO
WAL < 0.5 Vs, 1fii 20 nmol NO; ¥ ik 7= A B I 1
H=16.5 Vs, 25 HIYIETE A 0.3%, 74/ N,O
<0.07 nmol., {H/&, 7E P. aureofaciens %4k >k NO3
Bf, @4 N, 1.5 h J5, %5 5 40 nmol  NOj
BE G Y W AT TR #) 7.96%, HOA 3 h BiBIIK
1.5 hREJFA M T 1%, P aureofaciens

S. nitritiveducens i AW FE FE R0 25, VI RERE I%
FhF B NO; KT NO;y , Bk 2%, #Efh
M NO3 (%€ , 1 S. nitritireducens & —F|H
NO; , FEBfHIWERIA . 25 |, 76 NO; Ml I+, 2
BOERET S 28 55 1Y 540 N, R4 0.5 he

222 SMRORAF I A 52 J2 A Ak TR I
NOj3 / NO; B, 7& AL A A 75 i A 35 5 8 vk
NaOH 5 KOH (10 M) kAN, KIGHE S
WAWHAB AT, Bk N,O BiR R Ny, FHI
ks IR =2 1 CO,, EG TR NL,O il 1 27,
Sk E SR BB R BTG, TR I A AN S 0 T 1
F, (HRZEIAN22BE N,O PE AL A 1. A3
RIMHEE NO SR B L2 TR AOR AR
¥, % Lab-1 BEf5L T NOS 1 0N (B I JC 8 &
( P>0.05 ), %5 % N —12.57%0£0.05%0 . —12.34%0
0.29%o, 771 NLO AR H) mez ' 44 W i A3 5] 9.57
Vs, 16.44 Vs, SAFERSIKMIL, BRERSUL
JRUETHBUR M T2 172, (B3 6PN (H 204 5 P
W, SDEIUH 0.05%0. i 2538 & A R
By, Rl T NO SRR TR, HIa Sk
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TR, nlfe kAR R mgle 1028 30
{H Morkved %5 V& B, S AH Ak 41 B A2 + SRR 5l 1Y
NO; B, o 3 i NOy #e B — Mt Tk ik, 78
Wk Tias>1 05 IS, =R EBEAMA
IR 22 <0.09%0, WAK: THZS>1: 11 B, =2
<0.05%0, KSR VG REF, A5l
PRI FRMBBAR . Tizs=1 1 3.5, PEAMiRZECH
0.05%0, AR SART TR MBS FE . FEL
T, TR AR B S 2 A DL AERAE S
PR S I EAVE SRR S oE AR, BB R0 28 4318
MG, T R AL IR S5 5 . RSO IR
)7, IR Mecllvin il Casciotti® it X 2=
FOufbeE, TR EERTRET N0, Hit
T 7 25 SRR %% B2 RN MR B g 25 T i e Sk iy
(RR R SR o — LA, FT DA B [l A (R A7
el 6 AN, SIS LHERE S E .
23 BEEFRERZI

S5 e 52 by B T A e 1Y) v I T S e D e 44
o S RIXIATE ODgoo TE FRAARZEAT PR 19 52 50 45
FhR (£ 2), EE—HIKT, ODgy HAEILIE R
H0.4~1.2, XF=AFRicARERE S I E T A
F2e5 (P>0.05), HEREE PN FEEE R, M2 {Em
FSAEAFTE S%0~ 15%olW 22 5%, (H2E 5 LA
it 5%, SEISEEAYS, WE %8 RE, iR
FE KNO,-A (112.38%0) 9 SD {4 0.1%0~0.6%o;
PrkE KNO,-C (1422.17%o0 ) 1) SD {H K 2.3%0~2.7%0
TESE IR, ODgoo HAZIE RN 0.2~2.0, X =
A ] B v i B DU 2 25 2R TR ODgoo= 2.10 4, HiA
TR 225 (P>0.05), AN E (5 SEPrEAA 2
5, ARRCIFAE 5 PR A A — B, Wk % AT
RSIL-N7373 14 SD 4 0.09%0~0.56%0, RSIL-N10219
#) SD XN 0.04%0~0.13%0, RSIL-N23 fJ SD
0.04%0~0.31%0. [FIt, ODgoo<<1.2 (YF KK, Al
VBRI AE B TR SR AR T BERE S NOS -PN A,
% 8 B 4y OOt BE T 0 I E e, R
ODgo=0.3~0.9 AR HRE .

CAMFFR RV, KA 4H B 75 2 NOj B,
TR v B 0 e R R A RE 1A AR RS, i i Bt
IR TR A v B 12 RT BE E AAEARE,  AR AL R
A3 g 120-2T 300 G Pk B S B A T Ak A K B A
K, WA . W BEAEERAEA G, AT SE ODggo 5K

ODss fH #71 « Zhu PRI Stock %PV % B X4 4L
R P aureofaciens ( <5.6x10% cellssmL™" ) 4
REDRIE SR AL CR, IR IFRRE R O R R e He, 1
FeoE WS T R B A A BRART I ZE . Ak g

TF. Zhu FPRIE VAR R P aureofaciens
BB AT &, SRR TR, O [A]
BLZR AR, I FRHG 25 RO UERA FE YRR, S
i S, nitritiveducens ¥4 12~15 h J5, WA K
2% R BE AT BCE R, IR B 290k 5.4x10°
cellsmL™', {XTF 10 cellsmL ', i AR ODgoo (H
B B T A SR o A T SO I A5 SR R, e
FIFRHE (ODgoo=0.9 ) 2 FE LR TR,
AR AR s, Sl 45 5 . SOWAR &
MR FREACH 4 mL, i ) AR B 4 i UA R 2
HFEfESR . ARAR, RIELREMN TR, 5
PR TR L, ODgoo M E AR 15, o 8 S e 1A 14
Ve BE I, B AN TRIHHE VR B4 TR AR 5% 75 e 2 e AR 8L 1Y)
ODggp, i BE PR IIEFE Y 8] 552 50 235 R (0 B2 5 1k o

24 TEREBHMEL

2.4.1  A[RHEE KCLAYSZ TR EA
KiK', Cl, AT RESZ MR S A AL AT g, 43 0 5
T 0.1mol-L™", 0.5mol-L™", 1 mol-L™", 2 mol-L"' KClI
FC i) Lab-1 FRRERY 6PN fH, & BLER 2 mol-L ' KCI
B BAR T EIE FE(P<0.05 ), HAa¥ 5 IS EAHIT,
T RS 5 B R oA BF 9 R B KCL b & A 4= B A&
2T NOy s B, ARSI KC SE5E 4
450°C = iR KAE 48 h, W BRI S NO; 240,
I KCL 28 XTI (Il +KCL) 5atikzs [ g (8
4K+ PR NyO mez '44 WG TRARAE Y, ANl
FanE TR 0.5%. WA PSR IS 3R R S
P. aureofaciens HRIG I , FEAIK NO3 / NO; FEALHR |
FEAETRIN R, o N (WAL, Rk KCLYRE
ANEHL 0.5 mol- L, #UHH 0.25 mol-L ™20,
B, X} S. nitritireducens, 5 0.1, 0.5 mol-L™' KCI
HHEE, 1 mol- L™ KC1 X H %1k NO; 4 N,O Je g —5&
IIAERT, 77 A 1 NLO {5 - W T AR ] 8 R AR C 18] 2¢ ),
0 6UN ME(HAIC R E25 . L5 ) % i
2mol'L™" KCl 5§ 1 mol-L™" CaCl, $2 B 41 i) Je L
S, BRI K E 0.01 mol-L™' 1) CaCl, 42
B B A 1E0Y | {H IR KC VR B AT RE 52 i 42 B0k
R, OARIEB A EERBR, EEKN KCL REWDR
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Table 2 Influence of OD600 value of bacteria on the 6'°N determination of NO3
20 pmol' L' NO; (#E—Ht¥K Set1)

& ODgoo KNO,-A KNO,-B KNO,-C

Cell ODggo 0""N/%o SD n 0" N/%o SD n 0" N/%o SD n
0.42 107.67 051 5 158.00 096 5 409.26 232 5
0.67 107.51 057 5 157.83 076 5 407.03 277 5
0.78 107.55 029 5 158.00 028 5 / / /
1.18 106.34 0.15 4 156.18 033 4 / / /

20 umol'L™" NO; (ZE—H{EIK Set2)

B ODgoo RSIL-N7373 RSIL-N10219 RSIL-N23

Cell ODgqo 0""N / %o SD n "N / %o SD n 0" N/ %o SD n
0.29 ~74.26 037 3 2.37 0.04 3 3.72 0.16 3
0.32 —74.78 0.14 3 2.21 0.04 3 3.65 0.03 3
0.58 ~74.36 0.09 3 2.23 012 3 3.59 0.00 3
0.60 —74.42 0.56 3 1.10 010 3 3.23 0.10 3
0.70 ~74.26 0.11 3 2.04 013 3 3.34 012 3
0.88 ~75.93 052 3 0.94 0.06 3 2.99 0.04 3
2.10 —42.85 313 3 ~5.09 039 3 —4.51 0.16 3

[E: KNO,-A, KNO,-B, KNO,-C ¥ A28 % Bl (AR ICFREE W, 6N FIE FEEMHA 514 112.38%0, 165.00%0 . 422.17%0;
RSIL-N7373, RSIL-N10219., RSIL-N23 ¥ [EBRFzHE [ 95 4= BEAE R, 6°N BE £ MM N-79.6%0. 2.8%0. 3.7%. “/"RFEAK
{ili ] KNO,-C ByFES . “SD™CFbRifEIR2E, “n”fCREEN%E. Note: KNO,-A, KNO,-B, KNO,-C are all labeled abundance solutions
prepared by our laboratory. The theoretical abundance values of 6'°N are 112.38%o0, 165.00%0, and 422.17%o respectively; RSIL-N7373,

RSIL-N10219, RSIL-N23 are international standard natural abundance sample solutions, and the theoretical abundance values of N are

—79.6%0, 2.8%0, and 3.7%o respectively."/" represents a sample that does not use KNO,-C. "SD" represents the standard deviation, and "n"

represents the number of repeats.

SHBERES, U HAAET 1 mol L 1Y
KCl, % T 2 mol'L™' KCI M #lI A 6°N W5 {8
(—17.58%0 ) SRR AK T HIS(H, (HAE A FH R e i
KCI FLifil i = A E PR bR AERE A IE ST, A% I (B
WEFEA—Z (FE 2b), FrLL, EpRE T, #
PO {57 FH A - R )R B2 1) KCTC A v A
[ IR 18 AN KC R TR 25 (R R, DA 380
W TE KCL X e 45 5 i 52

2.4.2 AR EHOFTZEA BRI E
F BRI A S 0 SRS A A Bk S AR R i AN [
pH B4 B . KRG . ZRAK L3 NOS Y PN 1, &
P 45 R 5 b2 Ak T B 22 5% (P>0.05), H
FAEAL AR 15 1 SD (E A/ N F A5 (£ 3 ),

T g 3 P g NOZ MR EEAR AR, A REs T
20 nmol NO; (Hi "N FJE H-13.58%0 ), 45H 0
R, WE (B IR N NO; RIS E 1 . AU it
TS T R R AR AR L KR, M
R M B 3 A G R L NOy BN ERE L MELA
€, ABLE IO AL 5 9 S A 20 T 52 A4 R 75 38 i
SELCREE . WER .

3 %5

AKICEEX S.nitritireducens BE% —ik i NO, 0
N,O X —4¥:, 7 Bohlke ZF3EAE E M350
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-207 o) b 20y, 107 )
S . g ? —~ gt 2
215 _a a a B-15¢ a a a I z t b
= S =< c
B =3 =) ’ : d
= g 10+ 2510 = S 1
Z 3 2 2.8 !
g 5 24
Z 7 £ 5y 2,
4 X L
«
001 0.5 1 2 0= 05 1 2 =01 0.5 1 2
KCIHe i KCIye i KCIye Ji

KCI concentration (mol-L™") KCl concentration (mol-L™") KCl concentration (mol-L™")

T« AR R 2B 2R 7R TG 3 25 5 P >0.05), AN ] 571k 38R 25 5 1 #( P <0.05 ). Note: The same letter in the graph indicates no significant
difference ( P >0.05), different letters indicate significant difference ( P <0.05) .

K2 R KCI (0.1, 0.5, 1, 2mol-L™") XfAES: NOS i 6N MIE(E (a). 6"NKIEM (b) ML N,O Wl
H(c) BYREm
Fig. 2 Effect of different concentrations of KCI (0.1, 0.5, 1, 2 mol-L™") on the 6'"°N determination (a ), the §'°N correction (b ) and the

converted N,O peak area (¢ ) of the sample NO;

£3 AELHAALEETIENO, B "N EENELER

Table 3 Results of '°N abundance measurements for different types of land use soil NO;

0N K 1E{H Corrected values £ SD/ %o
+ 1A FHZ5%Y Land use types pH

S il AL 4B 7% Denitrifier method Ak 2456473 Chemical method

4 (PNERE)

7.96 —13.46+0.28 —13.81+0.21
Agricultural soil ( Yanting, Sichuan)
JKHE (7 PE R )
7.28 —14.06+0.04 —14.81+0.23
Rice soil ( Guilin, Guangxi)
KH (ERKE)
6.23 —13.84+0.08 —14.11+0.38
Rice soil ( Changchun, Jilin)
KH (Z#ER)
5.23 —14.26+0.05 —13.44+0.57
Rice soil ( Anging, Anhui)
M (VLPE )
4.40 —13.68+0.17 —12.78+0.41

Forest soil ( Yingtan, Jiangxi)

TE: AT 20 nmol i) NOZ (38 PN F= 5 -13.58%0 ), 1-HERE Y 6'°N AL IE {6 9 {f J§ RSIL-N7373 \RSIL-N10219 .RSIL-N23

= PR bR A SRS IE S 25 . Note: 20 nmol of NOj; was artificially added ( theoretical "N abundance of —13.58%o ) and the 6'°N
calibration values for the soil samples were corrected using three international standards, RSIL-N7373, RSIL-N10219 and RSIL-N23.

W kRS Jy T EA TR AL, AR SE N R AR T
HNOL Y PN SRR TG | R . RElE . ik
J& BRI B 3% 05 OB TR R, USRS 12~

AN 1~1.5 do RINEHRIE, BRI EREZER
TR, AN S T 0 A 8 R 0 VR A R RIS 5 B, IR BB AE K
R DRAF I ), Dol Rl 28 P P A 2 B . T i

15 h, HPAJSRAGAL T 80E KR BE IR, 8755 5
1A Z PR ODgoo fH A 0.3~0.9, AT {5-F B A K2 A
TR ifasE, WL AR A Y 225, B 926 R 1)

4li N, AR w4l He WHIRES, 0.5 h, BERTT A,
NRER) i R AR B . HBRARA . AT
1 mol-L" ) KC1iZ# 3, R IFHEBUK R Y [H] B
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mﬁﬁl}a&')%ﬁﬁﬁﬁwﬁj} >4 [lrﬁj o XTPRME '43‘@ N analysis of nitrogen and oxygen isotope ratios[J]. Journal

Bl A ) 26 7 4392, H: 20 nmol NO; 5] 15 ESNi : J oleydrology, 20(:0;) 228 (172 )h: 22—136. )
12 Mcllvin M R, Altabet M A. Chemical conversion o

s "N (EHIAA LD 0.1%07~0.9%0 , T E 25 R nitrate and nitrite to nitrous oxide for nitrogen and

ﬁﬁﬁf% o oxygen isotopic analysis in freshwater and seawater[J].
. Analytical Chemistry, 2005, 77 (17) : 5589—5595.
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