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JEANO, ™

NO;+ Cd + Hy0«—>NO; + Cd*+20H"

RIGIEMRMEZ AP NOS SN, AR
N,O. 42K Z& I pH>20F, i #a sy 1o

NO; + H'«>HNO,
HNO, + H,0«-H,NO} + OH"
H,NO; + N; #slow N.NO + H,0 Pfast N,O + N,

e W%Elﬂﬁfjtgﬁ%%ﬁi?ﬁ SR R 2
P, LA AE N

H,NO} + CI” #slow NOCI + H,0
NOCI + N; Pfast. N.NO + CI” Pfast. N O+N,

NLO R AEXT R4 7, HAr T4 IN-N-0,
N,OH) 8 "Ny %o NIRRT 8 PN, %o i F- 34 1H
R

8 "N, %0 (N,0) =

& "N,;%0 ( "N-N-0 )+ & "N,; %0 ( N-"N-0 ) (1)
2

B AEBINLO, R i 20 B R N O 32 3t
E‘J~/|\ZF?UE?$H~/I\’§L)E¥, N Bt — R T
e i AT BN O 2. AR 3R (e 5 Ui

Hit, T LR
3 "N, %o (N,0) =

W NOAHIA

d "N, %0 (N;) +8 N, % (NO;)

2 (2)
8PNy %e (N3) +8 "Ny %0 (NO3)

2
3 ®O0guow%0 (N,0) =8 "Ogyon%e (NO; )
=8 "Ogyow%e (NO3) (3)
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MZE0.01; BEahE . ATEREN K TS ml min™';
Cd B EH: K30 cm, W3 mm, #MES5 mmlf
APPSR IR IR RS B 3k
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F 2R« NaCl (AR ). HCl (0.5 mol L"), Bk
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V. cat No: 13913 ), NaN3 % ¥ (2 mol L"),
EFRVE (20% ). NaOH I (6 mol L7 ).
1.3 H@Fl&E5SH

e & RS WAL,

CHN,-HCI NaN,-CH,COOH
KA pH 8.00 pH 4.5 -
Water samples |:> HRETE AR IZ> Rl

(NO.) Cd Column NaN,/HN, Test by IRMS

& Reduction Conversion

(NO,) N.O)
(SRR B e
Fig. 1 Flowchart of the conversion operation
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e kv 7 i B1e- SO il EA T SRae s iV AIb- A B
FCI{ETF0.5 mol L'WIEEM, T IAEE S TF i ANacCl
A (R P CLUVR B SR B BEoR . — IR R 75 Y
16 mIKAE, SAPRUET-A7 A I AN A 00 75 22, FE

~NI&JE 20 wmol L7'Y/KEEL6 ml,
HH0.32 wmol, Z4.5 pg.
pHIE L . BEAE T AIAR ME A W A pHIE 2£8.00,
I H CURT DK v T8 i 553 BV 10 22 o K R o it St
ABU#0.5 mol L' HCHfipHFE %2 ~ 3, *E#&.R
TAIMALTEO.5 mol L™ HCUAER . RJ5, #EiliiAl

TR BINO3-N
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IR I 5 Y I 2 pHL L AR R I 235 A A8 75 A8 P
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AR R B R A S I sh A E, IRk
SEFLE S ml min~' o K IE JFRE — i o A U 4 3
B, A ERRL, 7o S K o — i A IR K
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MR I AL . SR HE20 mIIE Y i pHIRE B B2
A 25 mlP A i I8 34 T A 14 I A s T o
B A BEbR T, FFLEA)H80 min, R SE MU, H
2SR, BI40 ml 0.5 mol L™ NaClEW (pH
8.00) PR MhPRE I . 7E% Bk AR AT I 25 A B
PR JFERAE, DU LR

fh2tk Al . B4k 22 T Mellvin MiSchilman
FAESCHESE S P, IR, 2 S TR
PEo HU16 mlZeid i J5i O FE 5 #% A 50 mlTo0%s i JT %
B KT HEA BZS ReEM 2 1, o i
A — 7 1 Al AT B TS b i R .
15 ml 20% ZFRIFEWANLS ml 2 mol L™ NaN,iFHIE
Ao FHTESTBME0.8 mITR 4V W ABERE 5 114 T3
P RIZUE D 1 min, REH T HRA30C
KghEE . mMellvin "2 BBFFR T, T
SR Z AR TR I SR A HR R S N, R — A
Bl T Y S N AR R L EE, PRSI R pHIR &R
RN O FE AL N, O (Y S I 383 o AR AR A AT A BF 5 45
B RN R A E R pHUL A T4 ~ 520, 15
FERE P INA0.8 mlR AV WS, VAR pH
H4.5, TERFE30 min/5 BUR T, JEHT mld 5
PHEA0.5 ml 6 mol L™ NaOHE W S i 4K 2 pHiR
FEEL10LL b, Zeak Ny o R e AL BRES H A
25 FARE i TR AR, A D 0T 235 9 5 O 174 2% 50175
AR 2 o 28 FURE A AR N, O HA5 5 (BN FR 4
1£0.6 nALLF

JO T R < R — S R A TS O L AR AR
N A Bl O 4 258 0 TR AL 3R O g b, Ml
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WF R R pHEYRE I Bk 1 iR )R BE 1 5
PR R pHA K, pHBK, i JEAE SR
ARSCHERE T A pHE iR RIEATIER . i3 45

JBJE 3 Yield of reduction(%)

6.50 7.00 7.50 8.00 8.20
V&5 pH pH of solution
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Fig. 2 Yield of reduction relative to pH
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oK, WA HRINOSH A Ji N O 5 i — 2 Wik
JREN,O
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FINO, 2T AL INOL . I 5 RN AN 58 42 5 77 AR
I B oG . I, 38 % LA 7 R B A8 i
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Fig. 3 Relationship between yields and duration of the reaction
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HALANO, . NFEAGRIR IR 2, R m g RIKE,
A G5 K 340 S5 B[] 1 2 2480 min

O JE UL BE BRI 0 HC LA R e 2 i A 2 o
) AR 1) SR T 5 R R TR 1 G R B4R

120

K 100 - IISS Sox prs aan mases Sececs |

£ g0 %%pf%tt
Rt r :: . ’,: » - 15%
ﬁg m—;4:’ o
&"@ ‘:,»’,« ---@--- 20°C
KE 40 L9 T 5ie

E 20 + ---%--- 30C

. 0 1 1 1 1 .]-'..-13500 |
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Pl N[ A 28 T A J 7™ 8 55 38 Ji i) ) O 2R
Fig. 4 Relationship between yield and duration of the reaction

relative to temperature of the system

HI 4T 7, A 28 30 3 X 3 Dt 2 7 )~ 68 A 3
B W0 . AR RAE TR B, 3 5 Ay
TR EAT100% o AN [ 14 1A 283l B2 SO0 i i S B 3%

IVt BT FE 28 A S B) 77 AR S, JRLEE RS, Sk
FI|SF- JT 7 A EF (RD R o FRATTEEBE25 °C S O i
FEo 25°CHZERER, Wiy T, Fda )
ThRE S &, WARE IR A B
2.2 FERIHMEMLZ

MGk 27 S B 3, A A N, O A . A
MR W S E WP NO A . IR 7 R LU AE LY AL
LMERFR, F, n@E S EN,0M A . AR &R
A R0 3 N OS I &L, AR R Hef . B oS, &
BT AN A [A A 2R B PN O S H 7 Ak AR BN, O[]
MO R e, i XA 56 & M 4k SR R AR
HTINOSI AL, IR FR LB o A< SOKs B BR bR E ) ot
USGS-34F1USGS-3241 7l il B ANOFHKE20 W mol
LI IRARIB, JRREA . B FA R A R R
BR G, TR AN [R] =F B2 04 i B2 8 15 WORE o o
HARA W S b NOS iy = B B I A n 3R 1
Fis

A4 G5 1 =7 18 6 R 0 V8 W A7 % A IR 5E N, 0

F1 FRFEHRBBREILERR. SRMIRLERIEE

Table 1 Theoretical values of nitrogen isotope ratios and oxygen isotope ratios of NO; in the solutions different in volume ratio

HIE T
GLE ks BUL ( Vi Vi) Theoretical value
No. Volume ratio (V, : V)
3 "Ny (%) 3 "Osyow (%o)

1 6:0 -1.8 -27.9
2 5:1 28.5 -19.0
3 4:2 58.8 -10.0
4 3:3 89.1 -1.1
5 2:4 119.4 7.8
6 1:5 149.7 16.8
7 0:6 180.0 25.7

B8 PN %o S 0 gyow oo MR FLAS 5 FH AT IR
T A8 [l — U 45 I NaN,—CH,COOH IR Wi i 17 5%
fREE, NI R EA 2 AR 2, B IN,0 1
A AN E LES MR . AR E A
FE—E A BT EENOIMA. AR E
P 5 55 AL BN, O &L R IR 2 L —— X
N, F3FEINO; — N,O#GE Mz, HAERmEsSHE 6
Fim o B KREREAL T A N, ORI AL SRR 2 HL Ml
A ML, A0SR M e 20 B AT 3550 A

A HNOS AL, AR R LU E

S FIE 6 41, N,OM%A . ARMZMES
WROTNOSIA . R R R HAR A7 AE AR B 1 2R Pk A
Kb, HAHCRERIKT0.999,

NLO SR /) A AR 43 00l ok H T NS A
NO,, H & PN, B4 i 4 0 BE LR N 0.5, 1
SR LR R R4 000.45, KT0.5, 1 AX
ARG iy It PR A i 5 a0 v B A R A R R S e
HAK B R IN,OA o TN, O AR (9 S R ok
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Fig. 5 & "N conversion curve between N,0 and NO;

FFNO3, Ho 8 ®Ogyon 3 5 1 28 1 B IS AHR I A
1, HSEFR AUH0.88, 3% M S I N0 5 H,0
1 ) B 48 A8 4 R 7 ARG . MeTlvin D B RF ST
W], 7TEHALIE R pHNASHEN T, B P
FE11% ~ 13% 1 A58 RN, X 5ASCHY I 45
AL o

E6 N,OSHRRERE & PO FT sk

Fig. 6 & "0 conversion curve between N,0 and NO;

2.3 RIEFEEFERE RN E

P USGS-35, TAEA-NO-3FI52 5 2 d & 40
AN =0 1 K v o = S T R O B 7 = SR S e
(ST-1, ST-2) Mt & BNO;-NH¥E 520 wmol L7
VW, Pk T AL, 1R E5 R n k2
Fis

x2 mEVMRA. ERMARNELR

Table 2 Nitrogen isotope ratios and oxygen isotope ratios measured of the reference materials

BRUAERE 5 8 "Ny %o 8 "*Oyon %o
=) N 3

5 2% W5 (. BH4 W2 1
Standard Reference value Measurement value Reference value Measurement value

No. (%) (%) (%e) (%)
USGS-35 2.7 2.93+0.31 (n''=6) 57.5 57.53+0.58 (n=6) *’

IAEA-NO-3 4.7 4.49 +0.34 (n=6) 25.6 25.70 £ 0.51 (n=6)
ST-1 3.7 3.82+0.30 (n=6) 11.4 11.05+0.55 (n=6)
ST-2 14.6 14.68 +0.29 (n=6) 24.5 24.45 £ 0.54 (n=6)

1) n’NEE KEL The n was the number of repetitions

2) IbgE R E i B i AN ETT B AT Y This result was calculated through extension of the curve

HZR2F . ASIRIAY RS 0% [ 437 3 LG A A il
SRR EE MR, 8 UNAII A 2 40.31%,
S SO MY I K FE 24 0.55%0 5 W RE A 5 bR E Y R
IEBSHEWRER, MEESSHEKZERL/D
Tlo, AT RESHTRIR K.

24 REAEMWRHEERE

AR 56 8 FH A W) 67 2R B A T3S A A m /244 3 4%
MG ZIRBEZINT nA, SEFEREA 7R (R 5 345
IS 8 e BE A 1 T I e ) B AR i . 98
RIS AT, YR TP NO-NIRE 2.5 wmol L7

BF, 16 ml ¥ BFE G 0 AE N, O 5 16 = Ry
3 nA, P16 ml A5 A290.04 wmol NOS-N
B Ak 7™ AR N, O 77 A2 1 29 3n AR 5, &1 7
Fis

B S AR AEST— 1 RIST-23 B 2.5 w mol
L™ NOS-NV W, FFam b Ay g Ha . &R
FAE U RS R RN R3]
R AR
25 REMBEREE

N T HE— 2 R B O A A R, R
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Fig. 7 Chromatogram of the sample minimum in weight

SCRTAS [F VR B A ST AR IR WA T 3 Ak, -0 3L
R KA N, O . AR R . )R
FERNESHT AN, MUNO-NIKELE2.5 ~ 160 pwmol L™
W, FEARSLERMT, BRI 100%,
N O X Ji7 7= 3 5 i) R (8 3

FHST- 1BRIERE i 55 AL BN, O &L . A IR
ZHAE N 8 PN, —-4.66%0, & "Ogyon +46.19%0,
TN A [R] v B ST — 1A M 35 8L ) 7 28 B I s 45 2R
ME R, SEWPNO-NHEEH2.5wmol L™
EFFE160 pmol LTI, FALF=AMIN,00 § "N,

R3 EREGDETEVRE. ERMLRNESER

Table 3 Nitrogen isotope ratios and oxygen isotope ratios measured of the reference materials with the sample minimum in weight

FRifERE b 8 "Ny %0 8 "*Ogyono
i B
%7 % o % 5
Sample amount el W E A 2%l 7 1A
Standard ( wmol) Reference value Measurement value Reference value Measurement value
No. (%o ) (%o) (%o ) (%o )
ST-1 0.04 3.7 3.85+0.77 (n''=6) 11.4 11.31+0.85 (n=6)
ST-2 0.04 14.6 14.51 +0.82 (n=6) 24.5 24.70 £ 0.90 (n=6)
1) n HEZKEL The n was the number of repetitions
48
10 SRR NO; -N(umol L)
S = ’
£100 g 25
5 9” 44 r X 20
é 80 S 40
= = ol A 30
';:) + 2%/ Reference Value
‘Bﬂ' 40 40 | Il Il 1 ]
R -5.30 -4.80 -4.30 -3.80 -3.30 -2.80
- N,OS"N,  (%0)
L 25 20 40 30 160 KO R[] e B Al R AR IR LA P2 LENLO Y & PNy,
THAS S E Concentration of NO, N(umol L) 8 50
SMOW

P18 A [i) v JRE il i Vs R0 1 3 D = 6

Fig. 8 Yields of reduction relative to concentration of NO; =N

JEARBENO e B o AR I 7= A W 3 25 5o (HXT
ARG REMT, HIHEWPNO-NEKELE2.5~20
wmol L', N,OM 8 0wtk —5, MW
NO;-N¥JE K T20 wmol L7'HF, N,OH & "*Oqyow
WELE TR, MR R, X—45REH, %
WHEEPNO-NIKE (>20 pmol L7') &7
—%ﬁrﬁi%ﬂl’mﬂmﬂﬁ%ﬂ@%%%lﬁH‘z%ttﬁé*
- = R = (R = ST I R L

Fig. 9 8 "Ny, and 8 "®Ogyoy of N,O generated from the

solution relative to concentration of NO3N

i (8] A" BB 38 2 S N A O o PRIk, CHAE A
NOS-NU& B 720 wmol L7, SV Ke FCRR B LA
IR
2.6 AESRIREH AN ESL R

AR SR A 27 e A i 0 B 1 KT 5 M 3l X
AR VR AR RE i, AR K B A L
SE U o M 27K AR SR AR B0 455 I3 N s X 3= T
UL K WA AR, TR IR AR R KR AR b Y
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+HE, A2 mol L7 KCHAWFE/K + 1S : 11242
A A B IO, R K DU 7 M T HE K A B A 1R
R AR R KR A WS A A R 3 T B A AR R K

BEIWEERMEI0 R, WEMERER, K
[) A Y5 K PR AR A S R 1 AL . AR M R &R
PfE 22 A K. BEAK TP AR R & PN ME A
+10.5%0, ZFALTEIF K +4.5%0 ~ +18.4%0, & "*Ogyow
PIHE A +76.9%0, ZZALTEE K +54.8%0 ~ +84.3%o0;
MK PR RRER A S N, IE N +8.9%0, 7E
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Fig. 10 Nitrogen isotope stable ratios and oxygen isotope

stable ratios of nitrate in water samples from different sources
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DETERMINATION OF NITROGEN AND OXYGEN ISOTOPE RATIO OF NITRATE IN
WATER WITH A CHEMICAL CONVERSION METHOD

Abstract

Wang Xi

Cao Yacheng Han Yong Tang Haoye

Wang Ruhai

Sun Xiaoli Sun Yufang

( State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,

Nanjing 210008, China )

A chemical method was developed for determination simultaneously of nitrogen and oxygen

isotope ratios of nitrate in water samples. This method uses copper-plated cadmium granules to reduce nitrate

into nitrite in a weakly alkaline environment and sodium azide to transform nitrite into nitrous oxide in a

weakly acid buffer. Then the nitrous oxide is purged from the water sample and trapped cryogenically using

an automated system with subsequent release into a gas chromatography column. The isolated nitrous oxide

is then analyzed with a continuous flow isotope ratio mass spectrometer for N and O isotope ratios, which is
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then converted into those of nitrate using an equation. Meanwhile, the experimental conditions of chemical
conversion have been optimized by some further experiments. It is found that pH of the solution, reaction
time and concentration of nitrate all had some effects on processes of the reducing reaction; When pH of
the solution was 8.0, N,O generation rate reached the highest; When duration of the reaction exceeded 80
min, the reaction was nearly 100% completed; And temperature of the reaction system did not have much
obvious effect on completeness of the reaction, but the time of reaching equilibrium. On such a basis,
optimal conditions for the reducing reaction are set as: 8.0 for pH, 80min for duration of the reaction and
25°%C for temperature of the reaction system. To prepare a series of standard solutions to form a gradient in
nitrogen and oxygen isotopic abundance, two standard sample solutions, USGS34 and USGS32, the same
in concentration 20 w mol L™, were blended in different volume ratios. The standard solutions were used in
transformation experiments and eventually a conversion working curve was obtained. Besides, a number of
validation experiments were carried out using USGS international standard samples and laboratory standard
samples to verify precision and accuracy of the chemical conversion method. The conversion process has only
two steps and needs only 4.5 w g of NO;-N, while its accuracy in measuring & "N and 8 "0 reached 0.31%o
and 0.55%o, respectively. The difference between the measured value and the reference value was less than
1 0. So the precision and accuracy of this method are good enough to meet the requirements of the research.
Water samples from different sources, including surface water, rainfall and extracted soil solution, were
analyzed, using this method. It was found that in rainfall water, & "N, of nitrate was +10.5%c on average,
ranging from +4.5%0 to +18.4%0 and 8 g0y of nitrate was +76.9%¢ on average, ranging from +54.8%c to
+84.3%0¢; in surface water, d "N, of nitrate was +8.9%0, on average, ranging from —1.4%o to +14.4%0 and
8 "Oqyow of nitrate was +4.8%0 on average, ranging from —2.7%c to +28.2%0; and in soil solution, & "N,
of nitrate was +3.5%0 on average, ranging from —4.3%c to +8.6%0 and & "O0uyow of nitrate was +6.0%0¢ on
average, ranging from —0.1%oc to +13.4%0, which were in good agreement with those in previous researches.

Key words Nitrate; Nitrous oxide; Nitrogen isotope ratio; Oxygen isotope ratio

(RERIE: AFHE)
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