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Abstract  Excessive nitrate in water can lead to serious ecological degradation and environmental
pollution. The nitrogen stable isotope technology provides a powerful tool for the identification of water

pollution sources and the study of nitrogen transformation mechanisms in aquatic systems. On the basis of
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previous studies,a pre-treatment method of Cd-Cu®*" catalytic compound combined with ultrasonic assisted
acceleration reaction was developed for nitrogen isotopic analysis of nitrate in water. The effects of Cu*"
addition, ultrasound power, and reaction time on the conversion of NO, -N to N, gas and its nitrogen
isotope ratio were investigated. Based on single factor experiments, the optimal reaction conditions were
optimized using orthogonal experiments. The new method was validated using KNO, standard solutions
with different ° N isotope ratios combined with a gas pre concentration device and a stable isotope mass
spectrometer system. The minimum nitrogen content in a single reaction system of the new method was as
low as 1. 0 pg,with natural and high abundance samples §'° N analysis accuracy were within 1%,. The "N
analysis accuracy of enriched samples can reach within 0.1 atom% (CV<(1%). And the N measurement
values of all standard samples were basically consistent with the reference values. The optimized method
had been applied to analyze stable isotope ratios of nitrate nitrogen in various water samples from different
sources and achieved good accuracy. The comparison of the analytical data from the two analytical systems
indicated that the new method improved pre-treatment efficiency and had better accuracy compared to the original

method. Overall, the established method has the advantages of accurate, reliable, easy to operate and time-

consuming, suitable for batch and rapid pre-treatment of N stable isotope ratio analysis of nitrate in water.
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Table 1 Information of the water samples to be tested

/(mg« L™")

Sample Site NO; -N NO, -N NH,;"-N
W, East manhole 0.137 0. 007 0.003
W, Xiang River tributaries 2.39 0. 066 0.048
Ly High nitrogen treatment 6.05 0. 006 2.03
L, Low nitrogen treatment 1.02 0. 004 7.03
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1 N, O F5 #E S 4K (Lot. 160-401912433-1),i% N, O
Z AR 07 N SofEN 2. 2%040. 3%0.
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Table 2 Factors and levels of orthogonal test

Factors
Levels c(Cut)/ Ultrasonic power/  Reaction time/
(mmol « L™ 1) 4 min
1 5 30 180
2 10 60 240
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Figure 1 Effect of Cu** concentrations on the

yield of NO; ™ -N conversion.
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Figure 2 Effect of ultrasonic powers on the

yield of NO; ™ -N conversion.
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Figure 3 Effect of reaction time on the

yield of NO; ™ -N conversion.
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NO, ™ ¥4 R m R 1 E Ry A A>B>C, 1E
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Table 3 Orthogonal experimental results

Factors NO; ~ yield/ N, O
Experiment No. A B C -
. . _ . . . . % 0" N/ %o
Cu?" concentration/(mmol « L~1) Ultrasonic power/W Reaction time/min

1 1 1 1 75.6 4.6
2 1 2 1 76. 2 4.7
3 1 1 2 74.7 6.1
4 1 2 2 73.9 6.2
5 2 1 1 79.7 4.4
6 2 2 1 80. 5 4.5
7 2 1 2 80. 5 6.3
8 2 2 2 79.7 6.9

K1 300. 4 310. 5 312.0

NO; -N.O
K2 320. 4 310. 3 308. 8
Yield/ %
R —20 0.2 3.2
K1 21.6 21. 4 18. 2
N,O
_ K2 22.1 22.3 25.5
0 Nuie /%o
R 0.5 1.9 9.1

2.5 NO, -NESEMZN
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BRZEFE 2000, SR E m B ik T 3%, EEJEM T
NO; N #4k N, O SR J A58 4 3 <50%60) 7
HAF LR 8 85 RIS FH IR, B 78
PR AIEFRAEL (% 0 32K 70 4 3 OO 85 B R T R R
RNARZTRRME R 1.0 pg N %58 5 g2
a0 2 R Y TR R AR R o A B R S A
HAMIL 10.0 pe.
2.6 WENO;,” N WEREMBEE

Pz B 3R I A% X R TR N 2E B B bR S L
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Figure 4 Effects of NO; ~ -N contents on the

yield of NO; ™ -N conversion and N stable isotope ratio.
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Table 4 Precision and accuracy of the determination of '* N abundance of KNO; standard solutions

5N test value 8 Ny, /%o Reference value Accuracy
Standard samples — - -
Average Standard deviation 8" Nuir / %o 8" Nuir / %o
USGS32 179. 2 0.79 180 0.8
USGS34 —1.57 0.57 —1.8 0.23
15N test value " N/atom % Reference value Accuracy
Reference samples — - -
Average Standard deviation 15N/atom % 15N/atom %
Ry 0. 96 0. 009 0.98 —0.02
R, 2. 15 0. 004 2.13 0.03

Note: Accuracyis the difference between the measured value and the reference value.

x5 WMHWMAEFEEFARREAEFHESEN N FEFEVNEHREENERE

Table 5 Precision and accuracy of the determination of NO; ™ -N in water

samples from different sources by two pretreatment methods

Original method 8" N, /%,

Improved method ¢ > N.i. /%,

Sample

Average Standard deviation Average Standard deviation
VA 4.52 0. 83 4. 68 0.32
W, 21. 20 0. 66 21. 60 0.23
Original method " N/atom % Improved method *N/atom %
Average Standard deviation Average Standard deviation
|5 1. 47 0. 008 1. 49 0. 006
L, 1. 41 0.010 1. 42 0. 008
3 i S F 180 min 1, NOT N, O # b %7 i%
‘Alk

ARG 1 — R B T5 ik Kk Sk T R R
e 4 45 A Ak 2 5 A N, O UM Y K v il 182 36 T
AR E R AL T % . 5T Cu® ' IR AL L RN I [i]
DA R 8 7 U Dy SR il 25 R AR B R R 6 3R U (R Y
SO Hrf Cu® e R RIS 75 308 Al By 2 ) DL 35 42 i
i 25 U AR A2 L N, O UM A 7™ 3% 5 7 AL DA 3R 52 o i
fifi B REAT IR IS, H AR KT 30 W

T04LL b e RN AA RS BRME: Co® & &
10 mmol/L B T2 30 W, Iz L i 8] 180 min,
T R IE AR A I 2 o B B RTORS 5 T A5 R  FRIRR
PARZR S NO; -N AR &R 1.0 pg. H5 7 E N
TN [ SR 5 B KR i 2 AR E R A 3R B AR I, 1
AR AT BHAR A I RORG 95 EL 5 RCY — BR T LUK
JESE AL, HAERAEf B, 10 25 2 T 1 b BRACR AR
T JE 7K A 2 A6 5 G ok R 5 T e v AL LB S5 F 5T
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