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Determination of “N and O isotope abundance in the extractable soil nitrate by the denitrifier method

XU Chun-ying, LI Yu—zhong", LI Qiao—zhen, MAO Li-li, LIN Wei, QITANG Xiao—jing, ZHENG Qian

(Key Laboratory of Dryland Agriculture, Ministry of Agriculture in China, Institute of Environment and Sustainable Development in Agricul—
ture, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: A method has been established for determing simultaneously N and 0 isotope abundance in the extractable soil nitrate using
denitrifier bacteria. The method was optimized by using 5000~8000 r-min™ centrifugal rotational speed, purging 1 h with high pure N,, re—
ducing the amounts of samples and improving the autosampler based on the preliminary findings. Analysis of international standard of US-
GS34 showed that the method presented better accuracy, precision, and stability. The standard deviations(SD) of 8"N and 8®0 were 0.05%0
~0.09%0 and 0.28%0~0.48%o respectively in the same sample at the same time within 3 months. Additionally, the effects of some factors
such as the extracting agents, storage condition and heating on 8N and 8"0 of soil nitrate were analyzed. The results showed that the ex—
tracted solution such as KCl or CaCl, had no effect on the determination of 8”N and 8"0 if sampling amount was small. Nevertheless, the
significant difference would be found under bigger sampling amount with impure extracting agents. Moreover, the results also indicated that

the cryopreservation method was better than the cold preservation for the 8N and 8"0 in the soil nitrate. Analysis of 8N and 8"0 should
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be finished as soon as possible; on the other hand, the soil extracted solution should be cryopreserved. No significant effect of the heat treat—

ment was observed for 8N values of USGS34 and TAEA-NO;. However, the raw 80 values showed that there were significant differences

in heating, and this caused oxygen isotopic fractionation. But no significant differences were observed for 8N and 8'*0 in the extracted soil

nitrate samples. Therefore, we suggested that the soil nitrate extracts can directly react with denitrifier in order to avoid the oxygen isotopic

fractionation and save the test time. Based on these, "N and "*0 isotope abundance in the extractable soil nitrate under the different fertilizer

fields were investigated by using this method.

Keywords: denitrifier method; soil extract; nitrate; "N and 0 isotope abundance

Fe A A 7 A AE RN o FH LS, X MY
T NS AR, 22 5 300aR T R, Tl ELA S it
AN N AR IR, BRI
A 25U i R A FHE A KRS, 3 OB ROK B
FRAL R KRR R 5t R AR B gl = AR NLO HE
JECREIRNE, A SR LRGN S T R B AL R Y
FUIEE, EARIERMIE S AP IR AR R A
B U R A S B PR AR A R

1] PRy i R 5 280 ) o 2 2L B ) ek A = S i
A BE T 100 BT SR R TE RN AL A TR 12 o RS #
T A R R A E £ NOS I — N E 2R R,
(ELR 32 FIZ D5 15 0 W i Bk 2 4R ) 7 28 2 B s 2%
FEan R DR TP AL R L R TR AR R
PREEI, SR 98775 73 40, 5 2T B s 1 S i g
5% Ag:O SEREMS AR, AT AR BEA 2% FHAR 5, 3 0 A
ZTT AR I — BRI 0, SR AR A= I
JUAEf R ER A N2 R MO A E 2R, i
5 [ EAMIYT IR 272 1) Sigman SEMHE H K AR
K BIRIRER AR 3 A AR F2REME o 1%07 1t FL R A
TERBRZ NO i Jit i 14 S i AL 4 K7 K R NOSHe
H N0, FEH BT E NO SRR B AR R 20
i, DA TS B AR -ER 1) A A R 7 B 2 i S B 58
BRI, Ak BA VP2 i (D) fr
TR, % PRI A B ik BE AR g - L 1Y
AR Eh SRR R 2R 2 A, [Nt b T B 1 it F T
BEARR T RE i 25 11, DN R R 5 (2) TR H IR TR
N AT AL A RS TR 5 (3)RE R kb
Py R 5 HLARURURIME 2 AT [R) oA, 23 B it 1] B 2
i, MR AU R IR AL A A A 210
s, BB H TR Yo e AR ER 2 AR 6 2 2 A
A HARI,

[l ST FE R 22T AL A B A 3+ R 4R
AR R £k U L 3R A T 2, I T L A
PR AR WIS U A RIS AR LT 5, ) o
FISARAF N R AR F I B, LHR AT
(VS VAREIL AT N oL PSPy i i Sy (i B g

5 R E N ZAGHE T SR AR LI E K AR IR
HhAEE RN R I B AT LR SR A IR R
REARIME R T BORH O SCHR B AR SCHERITIAWTFE 45
RPIER BT T — SE BRI, (8 S A A TR
AMERT AT A AR R SR RV 2 11 [T st 0 i
FLIE T SR AR W P A i 2 AR 7 2R A ) R 7
BITIE S8 A B TR RE207 1A [ Y A4 AL
AL AT s + SRR MRS 54 AL BRI

1 #REFE

1.1 {28

[A) 37 £ b %4 Delta™ ( Thermo — Finnigan , ES
), AT PreCon JR SR TIHE 4A %< & (Thermo , 55
[ ),CTC-Combi PAL H g+ #% (%Kit CTC Analyt—
ics AG), = 3 B .0 HL(HITACHI, himac CR21G, High—
Speed Refrigerated Centrifuge, H A HITACHI 23 5] ), &
SMRFA (S E Organomation 23 7] ), 5 K # # ( H
A SANYO 24 w)), i sl 543 B (Lachant QC8000,
ZFE Lachant A7) ),
1.2 K5

B R GRS R E R R R (36
E BD /Ay ), 850 (NH,),S0,.K;PO, . KC1 . KNO; (434
afi, W25 E b iR A BRA W] ), CaCL (B4l 75
Bl T A BRA /) VHPOL(PE g 4t , [ 25 45 A1 fh 2
A ABRA ), B (3 Sigma A F] ), N-(1-28
) 4 TR 3R ER (Lt [ 2548 Bk 245 A BR
A, EBRIENAL R ARERE i USGS32,USGS34 US-
GS35(IR H 3£ E USGS),IAEA-NO3(llg H 1AEA ).
1.3 A RAIELH

TSB-A ¥ 7R (% NO5 ) :30 g AR I K E N
(TSB),1.0 g KNO5,0.5 ¢(NH,),S0,4,4.9 ¢ K;PO,, 1000
mL 87K, ¥ 460~480 mL 4345 500 mL 1 F)H
i R K TR 60 min £

TSB-B 5535 (J& NO; ):30 g TSB,0.5 g(NH,),S0,,
4.9 ¢ KH,P0,,2000 mL £ 57K, 7323 5] 100 mL # Ifi.
TR, R K 60 min 25 H
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1.4 LWH*
141 WHRIYIGSR

TPEFHk = NoO I s 14 04 SR A A A7, B34
OB M P.aureofaciens (ATCC13985, Pseudomonas
aureofaciens W B 32 FE AV FR A FPLRAE H ) % R
PREERIFE SR 7 d R
1.4.2 3RS NOs AR HOZ I 72

PRI 10 g i L e i, A 50 mL 2 mol - L™
KCIW ks 1 h, B E 3~5 min J5id ik, B 15
mL U8 B3 5 BT (Lachant QC8000 )il 5E +-
1.4.3 FEhH NOSHAL A N0

W R SR 7 d i BERTE BRSO AL 5000~8000 -
min™ EGET, 18 CCE.0 20 min, 5] H 2T, %)
RIEATTC NOs Y TSB-B $5 57 A%, FF ki ng 2
APV BE B BTV, AR5 AL L3675 o MR 2~3 mLL i
ERWTEASFUN 20 mL (E O ZS S, S 48R
S (PLHH 30~40 mL-min™)KFT 1~3 h, SR 5 R
PR GTERHF 0.4~3.5 g A9 NOsHE & 3 AT 25 78 47
RA), NN R b w, AR — T 4
mL, i Je R TS AR B AR IR AE 26 “Cad i 8%
F&. WHIEA 0.15 mL ¥k B 10 mol - L™ f#) NaOH,, %
fER A P I T 240k S [T I ™ A2 Y O,
1.4.4 N,O BAA RO =M 2

K PreCon JR I AP A4 & | (A7 3 LU
AL (TRMS, Delta™ ) 0 52 S i A6 240 B B 7™ A 14
N,O SR &[5 £ ,PreCon fit 5 CTC-Combi PAL
B ket 20 R iR 50~60 mL-min™,
Z 5 FR e R BIE L 1Y 99.9% N0 4K . 3 2ot
CTC-Combi PAL H gfj#FAfdeds i 25 i b N,O 4%
% % PreCon, % PreCon ¥ 45 FlI4E N0 K, e )
P [R5 26 LT A [ s 0 2R 4 ) 57 28 2 ol
1.4.5 ZE R R AL R IE

% USGS32 ., USGS34 A1 USGS35 HrifEdt it 4T
O Nyite FIT 880 e FIFZ IE : T=mx M+

35N e 2 8 Nysesu=—1.8%0 , 8" Niscspp=+180%0
(T, HAH);

18, 7. 18, 18,
8 Onil]'dle ﬁéﬁﬁ 8 OUSCS34/VSMOW =_27-9%0 78 OUSGS35/\’SI\10W'

=+57.5%0( T, HL5H ) 5

RIS REE RN
+ 1 80%0:m><8 lSNUSGS32—meas +b ( 1 )
-1 .8%0=m><8 ISNUSCS%W%‘Fb ( 2 )

AR R A IE T RE AR

27 .9%0=mx3"0 334-meas + (3)
+57 .5%0=mx3""0 t36535-meas + (4)
RS DA A AT i ) EC S B () FR N 2 {8 (M,
meas ), TFEH m A1 b, 45 B IE AR, AR X2 (B A
REIE AR R Y LS
L5 Eitsrah
JITEER A SPSS20.0 Geit it 1 &P .

2 HR5iTiR

2.1 [ EREL
2.1.1 B

FE) 0 15 2, SR A 30 000 remin™ [ R
TR, 1A RN 8 38 S 0 YR, A S e v
A5 T 300050008000 r-min™ (4% 8 5.0 20
min PTG, XA A EIE WA 0D600 fEH &
P, B0 EE 0 3000 remin™ B OD600 {25 B 2% w5 F
5000 r*min~" 1 8000 r*min~"(F£ 1), 1 5000 r*min™ 1
8000 r-min™ {&A7 B 255, X ULAH B0 5N 5000
remin~" [} EééJiCZIDI%FJ?ﬁ E‘J%P’S%‘D{ﬁﬁ s It H ke 45
Je T R SR LRI R, I, TRV MR 4R
5000~8000 r+min™ F% 3 S0 AT 300 Tl SL g0 %
BB

® 1 BOREXTER 0D600 EHI RN
Table 1 Effect of centrifugal rotational speed on OD600 value for

denitrifier bacterial solution

VX Denitrifier 0D600

bacterial solution 3000 +min™ 5000 r+min” 8000 r+min™
1 0.264A 0.214B 0.215B
2 0.334A 0.292B 0.289B

TE: AR VNG TR FIR 2535 1% 5 5% 8% K. T,
Note : Different capital and small letters meant significant difference at

0.01 and 0.05 levels, respectively. The same bellow.

2.1.2 WA ]

P A BRI A TS A R AL O AR R F
& B B R SRR, TSR P AR A B ) B RS
HATIRE, BB RECN 30~40 mL-min™ 4354 20
min .40 min.1 h .2 h F1 3 h J§ I ASREE USGS34 i
TTRAFNIZME, I A 1 h RL_ BRI s
F USGS34 119 8" Nyiue F1 80 e W 7E (B LA I 25 22
d':?"‘(%‘:i 2),ﬁﬁ57ﬁnj/(j:ﬂ \WXE 20 min F 40 min _F
8" Nuirue F1 80, [H2E FHEK, JEIH 8 Ny 25 57 12
LU 1 h BEAT DU B ) N0 K BRIFARIIE
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R 2 AERAREN USCS34 iRriEm SRR
SSMMERIRZAE (n=5)
Table 2 Effect of purging time on 8N and 8™0 measured values
in USGS34(n=5)

W R Area "N 8" e
i Purging of m/z 44 S Raw  SZI{E Raw
time  (“N*NY0)/Vs yalues+SD/%o values+SD/%o
CK(RW=H) 0 2.29 8.48+0.35  33.12+0.52
0 15.8 -0.31£0.21A —19.75+0.58Aa
20 min 1387  -0.38+0.29A —23.14+0.39Bb

40 min 1357 -1.08+0.17B -23.93+0.39Bc
133 -2.35:0.06C —23.830.32Bc
2h 145 -2.320.13C -23.69+0.29Bc
3h 15.1 -2.38+0.06C —23.93+0.37Bc
a8 AR BN A B FE R A Y DU

Note: CK prepared with condensed bacterial cultures distributed into

STD-USGS34

headspace vials filled with high pure N..

T AR DRAE IR L 535, W3R 2 ATLUE Y, TS
[ mlz 44(*N“N'O) [ T R Sk 2.29Vs, iF BH 15 i i
A NO S, T USGS34 AREE ST 85N pme Al
"0 e WA IZ H AT 22 FAR YK, ANSRAS IR AT 5L
BRI R | s 52 A R ER A 5 BT 7= A2 119 NLO
SREEATRN R B HERRI A . R, AR g
ff ) /D E 1 h Db
2.1.3 ARG ML

TERIA (A5 HR ™), TraceGas ARIfERL B 2 Gilson
B ZhIERE RS 2S5 R 12 mL ARE SO, (F 2% R S i
ANREEHAE N SO A2 TR A b 1) B R, T B4
2 mL A AL AR B NO SR TE A B Tl 2S5 19 12
mL FE SO AR A REEA T E . AN el 3% 4 CTC-

4585 48 7 RIS Z MR BT 7 6~20 g NO5 AU FE S
TP XRER A 20 mL 5 TS B O LA RS AR N
J& HAEDERE, T NO AR T3 SR T i 3512, A
1M3EEGR T PR NLO SAEE RE 1T AT BE 7= A= i[RI 26 18
2.1.4 HHE

5 PreCon 43HT RGLE A TR 2 HL RIS A
R, ARPFREH LS T ORI ERE LT bR HEAE b
USGS34 (R ih WA RN FE (£ 3). I3 45E
ALLEH, 7E 0.1~0.8 pg NO;-N k£ 522 ], PreCon
e 4 /b B2 G454 TR R H RS A AT , 0 25
WA R EEE S R B R e RS A 2 (E A
WEIEAE, oA g s 2y R =My 1.4~4.5 pg
NO:-N R S BB 2, AT HERE— =l
0.2~0.4 pg NO;—-N,,
22 BHE BEE BT

2 4 XPATA] i 2% B ] 3R A5 19 USGS34 1% 8N A1l
810 SZIMMEMEAT T Hed . 255 &P, 85N Al 80 {Ek:
HAE , 2014 4E 9 ] 12 H—20154F 3 J] 16 H
FER) SN AHAR T BT, AT —2.32%0~—2.39%0 22 [F1] 5 T
810 M E (B e MERY 22— 88, I (4 7 T -23.96%0~
—24.23%02Z ], I E (2 (A& A B % 25 5, DL R4
TR, 7E 6 A PN SR P20 B 12 [ s 00 2 il R A
dUN Al 80 S ERAAY FaUE MY AT T o [RIREIAFE 4 7]

R 4 TEFIFEE USCS34 AR LR LLENE R ERE
BEE REM(n=5)
Table 4 Precision and stability of "N and 80 in USGS34 under

different date of sample preparation(n=5)

. NN VS b NN RES I H 8" Nuirue 305
Combi PAL H shiftFfas , i B & AU A SR 2 Datnof sl s o
N . 4 . L ate of sample 57yl {i Raw SD/% SEPUE Raw SD/%
é&&ﬂilﬁﬁ l&zllil , ﬂé};ﬁ 20 mL E@Tﬁff%ﬁ | ﬁﬁlﬂ:’ﬁ‘fiﬁﬁ preparation values/%o o values/%o v
/f,t}im s Iﬁ]ﬁﬂ‘*&ﬁ# ﬁ]mgﬁu/\ 0.4~3.5 g NO; s %j 2014-09-12 -2.32 0.08 -23.96 0.40
RSP IO S, BB BUNF 4 21120 23 oo a3 o
- s EYSUTINEN S 2015-03-16 -2.34 0.09 -24.06 0.48
mL, XA AR T H g A ™, R AR T
R 3 AEESREHEEET 8°N 1 50 E(USGS34)(n=5)
Table 3 Raw values of 3N and 830 of USGS34 solution with different amount of NO;-N(n=5)
S3"N/%o 3%0/%0
FRUERE b JnE . - - . -
Nitrate standards  Amount of N/pg SZM(E Raw 1 1IE{E Corrected HAZH True SEIAE Raw 2 1IF{ Corrected HAZ (B True
values=SD/%o values£SD/%o values=SD/%o values£SD/%o values=SD/%o values=SD/%o
0.1 -2.34+0.15 -1.85+0.15 -23.81+0.30 -27.87+0.33
0.2 -2.30+0.07 -1.81+£0.08 -23.96+0.40 -27.65+0.42
USGS34 -1.80+0.2 -27.9+0.6
0.4 -2.26+0.07 -1.75+£0.08 -23.98+0.25 -27.89+0.28
0.8 -2.36+0.04 -1.82+0.04 -24.01+0.31 -27.89+0.33
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DIE W, [ml—famtm i 5 ASEATRES Z 1] 85N Ay
SD 41+F 0.05%0~0.09%02 [] , 3°0 1 SD 4 F 0.28%0~
0.48%02 0] , YL T USGS34 45 % B8N 1 810 HIFr
WD 22 (08PN < 0.2%0, 080 <0.6%0 ) , 7 B 1% J7 1)
HERR T A% e T -

(ERTTELHR H A AN TRIRE i ] s )00 2 7 2
AR ZAEA R 225, X 7T RE 25 AL R b
BERR I 25 528 5B, Sl iR 25 AR IF oY U
TR A S A AR A W TR AR T T A Ak
SN o
2.3 BEFIX HIEMEBE R KR EEN M

HETEN®Z K H 2 mol- L' KCI 8% 0.01 mol +
L™ CaCl, T ORI AR - e i ik, C A5 K
TZ P B A6 S R R I 25 SR C i 2

SRR A TR RO IR B 2K
KCl A CaCl, ATRERT AR, *ELLGRIERF ST A 51 %
JH A3 B TR TR o 5 8 P T R P )3 o o 50 4
—3, Wk, R HE TAEMRRMEN ZE T K
(H,0) .2 mol-L" KCl % 0.01 mol - L™ CaCl, V£ J ¥ i
TSRS 7= A2 5 NLO (R =EEEFITE R, LAk
PRI PE R A5 52 1) - 9832 R v il R 2k U Rl
ZAHMME(F 5). INF S AT LIFE H, AWF5T A Y
0.01 mol - L™ CaCl, Ha] ARSI H fl i i ER &, i 25 28
T7K(H,0)F1 2 mol - L™ KCI Fp AR A HH il a3k . PreCon
255 TR R TR A I — 25 Al B o 7= HE 1) N0 & 31,
T WG 2 AR R R . 255 oK
(H,0) 42 2 mol-L" KCI 1 0.01 mol- L™ CaCl, Z}fE
R E]— 4~ N,O U, “NUN"O i 4 B2 25 FIRefik, T
W2 [/ o FEARSZIG 23 7 114 0.15 mL 1INk &
T A 2 ) = B AR A 2 2 5 (HUR b

JRE B I —4%(0.30 mL),0.01 mol -L™" CaCl, /= 4=
NoO () =F BRI RS 2 o AL B, A Ab P>
B8 R, XU UGRIR AR5 CaCl, H
B O A RS R ER AT BB 25 MR it AN R |, TIAS SE 5
KCl A H;O H (A R AR X il 5 N 25 7 A 5
ABFFE R B 58 T 25 87K 2 mol - L™ KC1 43
SITE ] AR VEERE i USGS32 . USGS34 . USGS35 . JAEA-
NO3 (1) s A A 240 B 32 0 2 1 SRR B (6 6), DA
72 6 ATLAE RS AP ERE i AU R A 20
FrEZESR HEERAR #(a=0.05), XFEH 2 mol-
L KCl 4855 B B FEA i S A 4 v 19 A K A
P A R R A WA R AL I, XN
Mgrkved S5 AN 2 mol - L™ KCI 3 1 B0 4% S A AL R0 %
SR I (A 45 SR AN TR, {2 Rock S5P58 W 22 2
mol + L™ KC1 ¥= 2 I A il i 5 1) 280 4R o7 28 4 sofe ik
AT ISR ER IR , thIEAHR IR RN A A R
(RIFZ I
R, 2 ik %0, H,0.2 mol - L™
KCl % 0.01 mol - L CaCl, ¥ ¥ i J2 fif £k )z 1z 7T R
Hr= A T N0 AR (ILER 5,miz 44 THIFL) , X 15 BH

% 6 KELHI R KC] BLHIFRERE MBI EE (n=5)
Table 6 Raw 8"N and 8"0 values of NO; standards prepared with
H,0 and KClI solution(n=5)

35N jiute 30 it

e

)rfT\(fE*f—nu SZ(E Raw values SD/%o  SZU{E Raw values SD/%o
Standards

H,0 KCI H,0 KCL

USGS32 173.63£0.35 173.25£0.26 23.76x£0.32  23.32+0.45

USGS34 -2.30£0.08 -2.34+0.10 -23.90+0.38 -23.89+0.26

USGS35 3.78+0.16 3.64+0.10 50.63+0.34  50.47+0.39
TAEA-NO3 4.38+0.06 4.53+0.13 21.43+0.18 21.33#0.18

xS AREZRFIXHER IR RE R L ENER M

Table 5 Effect of different extracting agents on 8N and 8'%0 of nitrate

HIAE R Volume T “N¥N'O Amplitude of mass 44/mV  THIFH Area of m/z 44(*N“N'0)/Vs

il Samples  NO;—N/mg- L™

¥4 numbers/>

of samples/mL SEXAMH Average SD SEYSMH Average SD

CK — — 20.75 5.188 0.093 0.023 4

H,0 — 0.15 21 2.582 0.094 0.012 5

H,0 — 0.3 23 4.082 0.102 0.018 5

2 mol L KCI — 0.15 235 5.066 0.104 0.024 5

2 mol - L' KCI — 0.3 24.25 1.708 0.112 0.009 5
0.01 mol-L™" CaCl, 0.04 0.15 21.75A 2.062 0.098A 0.01 5
0.01 mol-L™" CaCl, 0.04 0.3 37.75B 10.782 0.171B 0.049 5

TE: CK W Z 5 0% TR

Note : CK means blank condensed bacterial cultures after purging with N,.
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H,0 . KC1.CaCl, "] RE#F & A T AR £L , X ] fg
SEAN RV VR AR A it /R RIS, 3R DU (B T 25
BRI BRLIE , 8 T sl R e R s 2 25, —
S Al B R R R AR R 2 B oK, R R L A R
RS — R 2B T KB bR A A 1E
LA — YR 7 R R PR A it EE BT AR A R £
24 RELSGN T ERHEBREREEMCEENSMW
PL 2 mol- L™ () KCLIEW 4], B4 1 /17
S AHXT A T b g R ER AR R 2 (B ) o 45
R, IR Ay B 5 T IR R
HEIRER P AR R R AE (R 7). HR 7 W I, -18 C
R URRAERCR AT, BV AR IR AT 30 d, R
FSERER 1) S N 1 810 SMME ISR 5 BT B A i 224 H
SEEAIT %A B 225 1E 4 CRIMAIE T, %12
TSR ER A SN FEVA I 30 d N4 5558 ERE i 24 H I 5E
HAHRIE , A B 225 B2, &5 2R DI IR
80 & 10 d ZWNIA 2584k, 1E20d #1130 d, B
40~60 cm )24k, FLAIA AR TR ERRE S S H
TEMH, 80 KKK T 3.88%0, 28 AL AL H Ak, HE L G
Bl 19.27%~213% . U] UL, H3ERE SR IS o0
PRUEH: 85N A1 810 MyrfER R AR e M, —Jr i

ST ] 00 i e S 4 ) 7 2 118 5 i (i) i 48
FRAWFGEE 0 1 2 SR A 1 AR S Ak 20 T
AR A SE L EE T8 USGS34 TAEA-NO3 Frife
FE DL R 3R IS 5 i SRR 2 A, 25
JER B, SN e (A B 22 5 (56 8), W i #4
LA X 85N W (B WA B &5, X 5 Mgrkved S5
14 285 T — B0 5 AFR IS ARIERE S 1 8150 I 5 {EL
PR E T (2 8), X Ul B AT BRAE (AR FENOS 1)
0 525 0, WA LA T35, SEUMLVER ™
A1 NLO ST TR A, s S 981 0-0,
M 23.5%o , . USGS34(8'%0=-23.77%0) 2 IAEA-NO3
(8"%0=21.33%0 ) 80 1S A AREE w5 , v LA #Aad
FEA] R P EOPRMERESL A0 O S35l 0, KAE TR
o, (L 80 W A 2 T, U B T A e T
FRUEFE S, 810 MUERRINE . ShRUERES ARRE I, £
BERE Al IR 5810 W (A T (3R 8), A I FE
i, WA BB R | ST B AN i A e 38 )5 AR

xS HEEHANEERMEE(NASE)
Table 8 3N and 80 values in the nitrate samples

(heating or not heating )

IRIRAE, I — 5 TP E . 8 N/ 0 8Ol o
2.5 I R A 0 04 3 2 T RE O B M Sample AME N0 TN
TIERE A NS 2R R T BE S L USGS34  —2.28+0.09 —2.27+0.03 -23.77+0.37A ~22.94x0.14B
Az RS A AN T S L NLO S S5 il , DT TR S i F 28 7 IAEA-NO3 4355005  441:006 21.33:0.18A 21.95:0.08B
W NOs A2 NLO B RGARIAL R I E o X itk , Mgrkved S 1076003 1132005 -3.56£0.10 -3.42:0.17
AT HEE R 80 SCHIER 1 b, LA e - e JE $2 187005 -195:0.08 -5.33£0.06 —5.28:0.06
A A % R 5 22T b S $3 ~1.82:007 -192:005 -555:025 -5.81+0.06
7T AEAGREEZGENAR T ERRAEEERERCEENZM(n=4)
Table 7 Effect of preservation condition on 8N and 80 values of soil nitrate in different depth(n=4)
. LR 8N %0 80 4%
Soil depth/cm 1d 10 d 20 d 30 d 1d 10 d 20 d 30 d
WA 0-20 3.64 374 351 3.43 “697A  -717A  -921B  -9.83B
Cold preservation(4 C)  20~40 -0.95 -0.93 094 -0.74 S182A  -193A  -3.12B  -5.70C
40~60 254 244 255 261 432\ -44TA -443A  —6.58B
60~80 341 3.5 338 323 ~55Aa -5.63Aa  —625Ab  —6.56Bb
Wl Atk 0-20 3.64 3.62 3.43 351 697 -7.15 -6.82 727
Cryopreservation(~18 ) 20~40 -0.95 ~0.81 ~0.85 -0.83 -1.82 2,05 -1.68 -2.08
40~60 254 243 239 235 432 42 468 485
60~80 341 353 ~3.46 335 55 525 542 -5.36

H: ARIK NG TR 3R SRS H (1 )MBRGRA 22 595 1% 5% 58 %K.

Note: Different capital and small letters meant significant difference compared with 8N and 80 values of nitrate in soils detected at the first day at 0.01

and 0.05 level respectively.
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B2 T A R R 2SR RIS 2 1 [RIERHIN 52 IR 4R mT LA
BN SRS AR A0 B N TG I, X 5 Rock
AP0 22 ] 2 mol - L™ KC1 3 301 T itk 2
Jo7 I LA PR R AR R, AL i — 2
2.6 SEEREEmRINE

e FARAR 5 1 5 250 5 T AN [) IE Ak Ak 4 P ) £
B PR i PR A AR R R AL, S5 R 2 9. M
F O M LIFE W, it )R 2 1 L3N ER LR 8PN H-3.26
0.74%0 , 4 F it A H R IE R 52 A 18 B it JR % ) -3
TR £L 8N N -3.45+1.04%0, — F #2380
B BASTA], 3 S -5.23+1.03%0, 3.96+0.88%0., 4K F it
RIBZ NIRE IR R A IR NH gk — 2
23 i ACAE R P AR AR R, Ir AT 9 /> b P %) s PR
FERPETARVR A NH;, H 85N 1 870 45t
JEAF Fenech 5B 1F 4 i R 2k >f T Ay (5 {0 T
AR PRI SUAEAT 5 5t PR Z R 7 i E FH
BT A, AR H R ER Eh 8PN 4 9.40+
1.54%0,8"0 Jy 1.48+0.97%o0, %7 A HLIE I
3N 1 850 M BIEFE "™, 54 it A HILAE B4 1
—5,

3 #ig
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