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o, RANAREREG BRI ESE KRR EAGESRAEEALEHEGRERE, AXE1—%
ROTHEE 6 B F R R4, B T RSB TR R4 & SURAFE B F R4 & BT A b 007 5 5
KA FATARN F %, AT EH R R IR AL R AR EA 1.2 L/h, ik £4 0.2 L/h, 4
BT AR AR, B T B A A RS T R A T 6 NH T A8 & 3SR, 4 A R
EE A 93.5% ~102.8% , B R4 5| 2 R F 948 Fr AR B4k RALAT R A B T 450°C b b # ¥y %e 24 h,
BAR T RAAT R A TN BERTE, AL A ABRNESREOREKTHEFR0.02 mg/L, #
ETERAKETRABD T X6 BEA AR E S SRR TP, mik THBITARZ G, /G
T AR A B AR,

KB ARIRE AR SRR E; BFRBEEE; iR, LEOMN - AL X A iE &
hES S Po4l; 0628; 0657.63 XEkERIRAG: A

REUE RN R RS R FK A B RGE DA
EERIL A S ST G ok PR 1) 2 4R 1A 0 i BRI K
2 PR TR AR K K™ A
KT RIS YR IR RRSE o SR, T KR PG
SRV R A R AL BT IEAFAE N E , A ITTBR ] 14
[FICEZR A2 o PRI, BT X R 2 AT AL BT
TR OBORZ ZIRETE A HOCTE , HATC GE 1 —
S - 1 JC WL AR IR 36 1 i AL B 3R R
ARV PR A BRI R AL T

AT 8 25 R 2 AT AL L7 9 20
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e W AR IR 2R i T B0 IR A1 K
(RN TS S U3 (S 6200 N AT €7 AN e
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F0.25 wg/mL BURE AL, i 2 S o A A B 2
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BOE AL FRARFURF 400 mL (9 /KEERS , 5 R AP HOR
SERTTFEFEM R M8, d i 5 sk 7 g o
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g/ mLALF/NF 0.1 pug/mL 72 S5 eIk B 1 B
s AL G Y BOE AR METS B R F 7 Z (., Downs
2V Lehmann 257 458 T 5% BH 85 738 o) g
PUE S K TR A A, I B SRR R AL 7 v o
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i Y RIS e R ANTI N R A R L
G, T AE R IR B B S RURPEE B T
A JZ TIAL B A r 95 B 5 S ad g KCL IR
BRI ] S5, fift ke T KCL i 28 Ry IR, o) 4, 5t
Xt H AR IE A KRR HEEE R e E R AN ], AR S0
BT VR AR AP AR X B 1 S R A R
M, 308 2ok 18] 5 05 50 2 P 4 o 9 e R e i 9
DEME R, A5 T AR IE [ R A S 2R R 28 0
BUHEACAF T e DR A A it i A A0 VE B o 5, IR 1
B S ORI A B 1 I AL AR JBE 2 K
FERIE P, e TR KA i i 25 280 ) o7 3R 114
BRACSAFIE BEE T S0 7 vk 2

1 SOy
L1 A5 TRk

756 B4 Spectrum 2EAMA] UL o606 EE (RO
AL g8 A7 FR /N ]) s SHA — B BUE IR /K 6 R 7 8 (i
T [ S7IRE B A IEFE T ) 5 W 2% (ORSE 22 M 1E IR
FATBRAT]) s TR ST AL — [FAL 2R Ho 5335 1k
L (EA - ConFlo T - Delta plus, 32 Thermo
Finnigan /A #]) o
1.2 @ AR A 2500

DOWEX 50W — X8 FHEf ¥ 2c e fig (H™ 5,
KR 0.075 ~0. 038 mm, B FRAMAEER 2.3
meq/mL) : 735 F 1 mol/L £8 R F 2 1 ¥ 7K 7873 1l
THUEM R 2 pH (B 6 3 7. B ARFUKIR S Yrin
AGJZEE R ERK AR T AR T

Whatman GF/D 3% 3 2 4 & 4% ( Whatman #
1823010); B U i & ¥ & B ( Millipore LCWP
025 00) ;371 250 mL. 5 DU 56 &4 5 B4 HOML

SAALEE (SrHT4l,450°C Fike 4 h) 5 &AL (b
4l ,450°C ke 4 h) 5 AL (PLRAl) s emime (oA
i) s EALEL (3B, W 2 0. 075 mm, 4% H 8
847,86 N — NH, CL il 5g {5 N - 3. 4%0 = 0. 2%o,
n=26) ;s AALEL bR HEVE TR (R AL B A £ 8] 5K
Bl ,4°CHEALRIE) o
1.3 528505k

BTSSR ST UL R HE E P BRI 1

(1) B Fac o 205 5 4K FErh NH, AR
VR A SO mL VEG SR B b, 76 055 3 2R B fl I A
RN R0t B8 5 S5 A, 905 i sl 22 1) 2
PP AT AR5 50 0.3 L/h 0.9 L/h
1.2 L/h, 7R SO IR A 52 50, VPR TR i+
WM 1.2 L/h,
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Fig. 1  Outline of procedure for ion exchange method, diffusion
method and EA-IRMS to determine the isotopic

composition of ammonium in water samples

(2) VMt : 41 100 mL 2 mol/T. KCI I, £
FOCHTIR AR F S, PR R E A0 0.2 L/h K™ g
R 2R B A BH 5 1SS B IR iy NH, i NH
i AR A , BEUEBE ALt AR AT, RS I R UK A
— T A R 2 D AR R S TR IR s []
SRS -

(3) JHQEAL PRV 455 NH, BB A
WEE R AR 250 mL RrpUle s B R B
il A 9 = WA Y OB LAY BOR R, 37 R 3 5
BIOWE . Ky BOBUBOA 40°C1E IR /K IR IR 7 8 B3R
PEATH T (A OB B, 2 9 R U2
MBI P E] e — Fr N T 25 pL 2 mol/L B RRAY B H
LPYEUSARALAL, 7K 3R DU I £ M i 5 s, A ]
Y U, TR B S T IR ) o

() J S HUG B ME T NHS - N (BB 27
AEPEACE A, HOTR M - [ 3R AR5
A (EA - IRMS) I 5E R RN 3R

2 FRH®
2.1 JFBEHRSHRTE% M RS T2 fd
AR L
N TR R AR 20 B S U0 B 15K fhe
AR T, 20 BIAE SE e IP LR 4L (58 4= 2 R AE
2 MR AT REE I R G b (SRS R AT
RERRA T, DOBHR T, WAL 2) KA dh o FH B 122 6t
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Fig. 2 Schematic presentation of apparatus used to absorb
ammonium nitrogen from water samples on a cation

exchange resin column

H e, e RIIAEE T, 73 5K ARl 450 mlL,
700 mL F1 1500 mL & F/KHLZ 17 2" 3" F58
PR EAT: , 3 FH T AR A T U PV . AR
Ja  TEE 2 PR S n] RE%E A B 1S RGP L B
450 mL A1 1500 mL 255 F /K 4% A 7° 1 87 B
TR IR A, R AT T U B I TS RO R R B AR
FEBE R FUfR D o AT VR BV W S 403
JEICRER I E H NH, g M e g R Wk 1, 17F
2V T A M AR RE R R A S AR 4y )k 0. 17
mg/LAI0. 38 mg/L, 3" B F 3 4 b ML h 4 S R

# 1 JPCRGRVS e P R 80 T o A iin A s rr iR

HPE N 0.66 mg/L, BLHAE R TIEL P AT 00 7
SEH S RRAFAEAS R R P (1 B 25 05 e o T 77 8°
PSSR AT T ORI [ A P 3 AR A I o B S
ULHAAE S AT REH A T3S AR G vh b A 1 st
PRl NFAER A RIT U

N T BRI R TIPS, RS
PREER,JH47 5" 6" B T A M R A AL B BT
5>A 450 mL 700 mL F1 1500 mL, NH," Jifi & & & H
0. 10 mg/L 1) G B2 b vHE 8018, I A B A
JB A NH, W BE, I E S5 R AR 1, SRR R
R AN STRETF P NH R EER T FALRT Y 51
ERBRER ) NH, B LR NI IR s S RS
Yoo THHM,O BB P S A R R T EAER
PCHEAR R TR P A NH 8 R RS AEAE dh AR A
Vet R b AR IR T2 P I T5 3

P, 5 AE R REE T HEAT 8 1 S W b 8 25
R KkEEGR R, RAER ATREE M R Ge
AT, 28 5 Y Y IR A LU TR
2.2 pEtihge

#5500 mL ¥ FE A 0. 52 me/L ) NH, Cl bR
BOIAE 5 #Y 2 AR AR AL, 2390 A 100 mL 2 mol/L
KCL 0y 13 YCBbE, Al 6 YOMABE IR Y 1 o 4
Y5 mL, SRIGHFINA 10 mL, R & B i b (o ik
TE PERE T SR 0P 0 80 25 RO B, T 25 2R DL 1)
3, 325 R R,70 mL 2 mol/L KCI ¥ ¥ v ¥4
JEAE R B (9 B A RS VR, A SCR A 100 mL M
BT DRUEHRE PR A L IR B A1) 8 25 R 58 e L, AN
PRI T
2.3 s AR

T I E R I AN [l R AR AN TRk B f) NHL 3%

Table 1 Blank and yield of N for NH," ion exchange under air and closed system
BN Lt i + N A
g - b 3T pp/(mg - L77) VM NH) - N & & -
W NEA: 25 V/mL NH,; - N~ FH:RT NH, -N~ F#H5 m/mg

1* a1 450 0.00 0.17 nd nd
2# Mg 20 700 0.00 0.38 nd nd
3# A 3¢ 1500 0.00 nd 0.66 nd
4* PRI 10 450 0.12 0.17 £0.01(n=5) nd nd
5% PRUER I 2 700 0.12 0.45+£0.01(n=5) nd nd
6" FRUEZ I 3° 1500 0.12 nd 0.66 nd
7* Viit=R 450 0.00 <0.02 JNFHR B nd
8* il e = 1500 0.00 <0.02 JNFAe e B nd
9* PR 1" 450 0.56 <0.02 0.24 94.8
10* FRUETE W 20 1500 0.10 <0.02 0.15 102.7

T a b SPHFORTEIT RGNS BRI R G T A7 8 73 id B o nd F5AR M
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LY JBEIB LA 0. 05 L/t St ;6" F1 77 H: 70 Fi 1500
Seof f\‘ e mﬁ@ mL ¥ 0. 1 mg/L WAL BARMEIR WL 0.9 L/h
@50 I ! ',‘ . AT, T 2 mol/L KCI P Bk LA 0. 2 L/hiy st
g‘“" ;' | YL o
ﬁ”‘ : ,,kl“\ FE 2 0 5 45 Rl 0, 3 ke R 4 iR 0.3
g?z‘ "'“’“. X b L/h 1.2 L/h 0.9 L/hi, P i 5 243 51 0. 05
=1 o L/hA 0.2 L/hin, S A b il i 1 20 1 5 S B i

S S S S— —TTT AL TR [Ty 93. 5% ~102.8% , Ui BHTE
V(KCl/mL AR AR FIPE AR R N AT 58 4 0k BH B

Pl3 2 mol/L KCI I g BEBLAHEILE Hh 2
Fig.3 The standard eluting curves of NH, Cl with 2 mol/L

KCI solution

TR0ER) W RS IR R A5, 233 450 mL NH, 9 B2 H
0.56 mg/L F1 1500 mL NH," 3 /7 0. 10 mg/L %%
BRI e A I R G0 b 9" (1074
Ve, D E DLV P NH AL, 1580 e S
REFRI IR, DL 1, 450 mL NH, ¥ B2 24 0. 56
mg/L 11500 mL NH, ¥ & 4 0. 10 me/L BUES A
PR IR 1 1 S i 12 AL B | B A R DI
SR 94.84% F1 102. 67% , Y KT 94.5% . i
RS X e 2 R R o A B S8R Al
2.4 EEAAE

AT SRR rh i T8 A BH 1S R iR 12 b PR 2
RURVOLZRAE I IR e R A A8 N i
T AT . Downs %521 fif Fi 5 ) ol 4 0% 2l 5
TR AT, A S AN Bl AR AR /N T 0.5
/R (£90.09 L/h) . Lehmann 2% (i Fj & 7 1
L IR N 0.36 L/h, B Abz %™ R A E
ML A RN 0.6 ~ 0.9 L/h, P i S 454
0.015 ~0.030 L/h, Ry 1 25 A B AT ol 32 A e it
AN B 7SS i AR S R, A SCOR R 3 22 3 A
R 512 , T8 3 9 5 0 5 ) B A ol T A R
FRFNVE B ML

I 7 3210 mL Bio — Rad 4 5L , A B v
VAR 3 3 R R R B T R A F 3R 2 1TAE T
{11 500 mL ¥ B2 0. 5 mg/ L ) SRAL BAR MR U
0.3 L/hff i &t 4:, B 2 mol/L KCI1 ¥Efii i DA 0. 05
L/h iy 3 S0 5 27 A 374 7 T 500 mL ik i oy
0.5 mg/LEYSEAL B AR METR W LA 1. 2 L/h i 38 5
#1112 mol/L KCI ZEJBE L 0. 05 L/ h 58 A P i
47 5T HE 0 450 mL kR 0.5 me/ L 1AL R
FRUER R L 0.9 L/hif A5 4%, ] 2 mol/L KCI P
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TAHA R, A 2= T, I HREoE e VeI,
AN Z PR RAANL R 8 . 3R m TARRCR, Wb
2 B R R B0Y5 3, A DTSR HE AR -
HHEER 1.2 L7h PE5G# % 0.2 Lh,

F 2 AERDEIBE A 3 T A R G
Table 2 Effect of column rate and eluting rate on ion exchange
procedure
BT p(NHS -N)/ MR R @R/
BRESS  (mg-L-)  (Loh7) (Leh ) %

1# 0.5 500 0.3 0.05 95.1
2# 0.5 500 1.2 0.05 103.2
3# 0.5 500 1.2 0.05 101.2
4% 0.5 450 0.9 0.05 96.1
5% 0.5 450 0.9 0.05 93.5
6" 0.1 1500 0.9 0.2 102.8
7* 0.1 1500 0.9 0.2 102.8

2.5 F@EEmAKIZEA

Johnston 25" % 31 KCL iR H 251 A A AT
Je,2 mol/L KCl I & ¥ S AW E A N 0. 15
mg/ L, #28H KCLIfG] 3 650 CRRI 1, R H i
PSRN EL /4, R THOHERR KCLif5RG
PR R 25, A S0 PR A 2 sl KCL i) 1
450°C Hhgfp e Ky be 4 ho R 24 b s e HL B S AR
J& R n] REX [R) 62 R AELHY 520

T, SR HIHE M 85 LA 20 2 mol/L KCI i
WP S AW, T 450°C 1y %8 4 h 1 24 h, KCI
VAR B S AR 430 2 1. 20 mg/L A1 0. 03
mg/L, iH] KCI B4l T 450°C K58 24 h 5,
T B S BAR BIREAR

Tk A KCHR AT RE X B S AR =
05 (B HE A 52, #5400 mL 2 mol/L KCI
(e 4 h R KCLECH]) SR I o2 0 E S8 A
[ 7 R AEL, m/z 2 29 BB I aR o 1013 mV,
SRIRNLREA +58. 47%0, LW KCL AU BE4 h,
BB AR RZ AR T IABOR TS G . I Hol Tk
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KCL 3070 9 B 25 SR 7 R AEAR IE , i DL 2> ol gl 45
ARl 1 U R R E S R R AE o 58 KCLiaRI g
KIBEmSIa] 1 4 h ZE K 2 24 bl KI5 24 h /) KCL
PC 25, e B 1 SR A B A R A AR B A: 00
TRUEEH b B S AU 3R S B [ A B 25 R Ao
RABEARIE , fif e 1T KCLAR R 5T B 25 2075 4L 1
58
2.6 EASAREM

N T KR S R A 2 e AR R AL R R, A
SEYRT L T A R IR SRR 0 R (BRI g S B
] AP IR 28 S 1 S O R IR A B RGBS
TE 18 25 SR 2R L, A5 AT 119 S8 P B Y1) e 25
SRURIOL R A5 S B T A L T) o7 2R ELAR ] D358 B
BRI A BT A 2 R EURIAL R 0

K o3 2 S8 Ak 203 R BF S £ 0. 074 mm (200
FD SIRSIMEE ROCH B R T TR . UG R
% NH, CLiLH T RFALRENE . 53580 B—
HRIY BT 110°CHERE 2 b, SR I il S8 1 B s v 19
o SRRSOl i 1) 52 36 Ao Ak BRI P 9, I
EA — IRMS & B A RUR L 3R A

SRl 450°C Ky ke 4 h F1 24 h L g gl
KCL G Bl 2 mol/L KCI ¥R e A AR AT, 0 5 #¢
SRFALRE, R IE 4 PR,

1

£ it
o +
,LI4 T4
Z
3L
$
$ "
41 =
-5

ki HARETRE4h SfbEILE24h

Pl 4 LB AEAR KCHARBRARME FROZINIALR

Fig.4 Mean values of 6N for each treatment of KCI solution

I 4 a0, Kybe 4 h Fi 24 h Y S A R
8 9 R T8 A P 28] 6 A AR RIS 2R Al 22 40k f
1E 3%0l) I FIWIED. 5%o, UiEHXIRE 24 h (S L H
A EERE 4 h (92 AR XTHR R TR N, 5
2.5 o Es R —5 (AL 24 h 1l
L3RR R 2R Z5 R E , 7T e i Tl et
KBS R I S A & S A, (HIR R 78 2B

RO a5 A R, HLIR) H r & ARl R (E
WRIE, A +58. 47 %0, BMi R A/ N ISR 52
o )7 28 0 25 SR A It 1 o KRR AR 2 25 U
(B AR BB K, PR G 52 5 40 A 22 0. 5%o AS 2%
FEM IR FE i 5 25 R 2R A R Ak 27 T A i
B, B AR SO AT BL IR 7 R 45 R A T IE o

3 44k

BT A O R A A T O SE R R T B,
TR A B A, T BT B B A B A R R o 6
ZER AT EON BRI TR 38 TR B S A
KRR B 25 R RV RTAD I . A SO Sy TR AT RER
VB TACH R e, o T 6 KR F R B T
S 0 J2 A PRI B B S KRR TS Y ) B, 4
K KCL A P Bt 5, 3/ T KCL it 25 11,
FFESIAT WESNZE U A 7 7 , V5 85 30 2 e e B T
A S 0 2o R TR B A S T A ]
RN KA IRV 2 A MR B pr e A A ke
FEE T TR T AL B S A B TR S A B
GBS T A R RS B B A BRAS B 1 S AL B bR
YET I B 35 R R L R A Eb S AR o 1 R TR
P EAEMIE 0. 5%0, HFRBRKE PSRN R
AR R, ) 5 AR 2 AR 2 R W TSR RE it e 25
UL Z R AL 2 B SIS . TR, ARy
38 F AR B e S ZUKFE P I R R R E . H
B TEA R HITRF , B T RO e — 4 /NS T
A0 2RSS AP HOR AL PRAR MR B 5 25 KRR RS I
FEAWZE
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Determination of Nitrogen Isotope of Water Samples with Low Ammonium
Nitrogen by Ion Exchange Method

HU Jing', LIU Wei-guo'**
(1. State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment,
Chinese Academy of Sciences, Xi'an 710075, China;
2. School of Human Settlement and Civil Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: When the §°N-NH," in water samples is pretreated by using the ion exchange and diffusion method with
NH,CI and KCI, the key problem is how to reduce the blank, avoid isotopic fractionation and yield accurate isotope

results. In this study, a closed ion exchange system was set up to prevent the small amount of NH, contamination
to the water samples. Furthermore, the sample and elution flow rates of 1.2 L/h and 0.2 L/h respectively were
achieved by adjusting the speed of a peristaltic pump. Thus, both the experiment time and the contamination were
reduced. In addition, all of the NH, in the sample is absorbed on the ion exchange resin and the N recoveries were
from 93.5% to 102.8% . Therefore, the whole process will not cause isotopic fractionation. The blank introduced
by KCI was reduced by being heated at 450°C for 24 h. As a result, the blank ion exchange was reduced to below
the detection limit of 0. 02 mg/L by using the closed ion exchange system. The problem of contamination for water
sample pretreatment in air was solved. The process was accelerated and efficiency was improved.

Key words: water sample with low content of ammonium nitrogen; isotope composition of ammonium nitrogen;

Ion Exchange Chromatography; diffusion method; Element Analyzer-Isotope Ratio Mass Spectrometry
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