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The reference hydrogen and oxygen isotope ratios of

water sample
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K4 GBWO4402  HiFEk  -64.8=1.1 -8.79+0.14 EFR—Fbrik
KFES5  YYNS WTFK  -72.6+1.0 -10.23 £0.10 -
KF-6  13A ATHEE -96.4+0.5 -13.10 0. 10 -
KFET  YXZS FHRAK  -134.7£0.5 —17.68 £0. 10 -
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Table 2 The precision statistics of 8D and 80 obtained from inter-laboratory by Laser Absorption Spectroscopy

Giit5% GBW04401 YHS 14A GBW04402 YYN 13A YXZS GBW04403
8D 880 sLEh R (p) 12 12 12 12 12 12 12 12
8D S (%o) -0.4 -11.9 -50.5 -64.8 -72.6 -96.4 -134.7 -189.1
8D ST +10(%o) -0.420.17 -11.2£0.26 -50.4+0.40 -64.9+0.32 -72.6+0.32 -96.2%0.40 -134.3+0.26 -189.1+0.10
8D S AfAr 8 0.030 0.746 0.638 -0.016 -0.066 0.230 0.373 0.033
8D fRfAFIXIAI[6 - ASk, 6 +ASg]  -0.07~0.13  0.59~0.90  0.40~0.87 -0.20~0.17 -0.25~0.12 -0.01~0.47 0.22~0.53  -0.03 ~0.09
880 ZH At (%0) 0.32 -1.50 -7.69 -8.79 -10.20 -13.10 -17.66 -24.52
850 MTAME + 10(%o) 0.33£0.02 -1.47+0.03 -7.74+0.03 -8.7820.05 -10.13£0.03 -13.15+0.05 -17.62+0.04 -24.52+0.01
8'%0 Jr:mts 6 0.007 0.132 -0.051 0.010 0.069 -0.051 0.038 0.001
8"0 MK A6 - ASp,6 +ASg]  —0.01~0.02  0.11~0.15 =-0.07~ -0.03 -0.02~0.04 0.05~0.09 -0.08~-0.02 0.01~0.06 —0.01 ~0.01

e RPEE IR r TR R AN T R ASpAET 95% R ERIXIA ,n =60,
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Table 3 The measurement results of 8D and 8" O obtained from different laboratories

=) A B C D E F G H I J K L

F*

i

6D 50 | D 880 | oD 50 [SD 60 | oD 50 |SD 0 | 6D 50 |SD 0 [6D 50 | 8D 0 [oD %0 | oD 6'80

-0.2 032 |-04 031 (-0.3 032 |-0.2 033 |-0.3 031 |-0.3 031 |-0.4 0.32 |-0.4 032 |-04 028 [-0.7 0.28 |[-0.8 029 | -0.4 0.32
7—0.2 0.3 |-0.4 033 |-0.2 032 |-0.3 033 |-0.2 034 |-0.2 031 |[-0.4 0.3 |-04 037 |-0.4 0.29 |-0.7 030 |-0.8 029 | -0.4 0.32
oo -0.1 03 [-03 035 |-0.2 0.33 [-0.3 034 |-03 033 (-02 032 |-0.3 0.34 |-04 038 |-0.3 0.30 |-0.7 0.30 [-0.8 0.30 | -0.4 0.32
-0.2 037 |-0.3 036 |-0.2 0.3 [-03 035 |-02 033 (-02 032 |-0.3 0.34 |-04 03 |-0.4 030 |-0.7 031 |[-0.7 030 | -0.4 0.32

-0.3 039 |-03 037 (-0.3 034 |-0.2 035 |-0.2 0.32 |-0.2 0.34 |-0.3 0.3 |-0.4 033 |-04 032 [-0.6 031 [-0.7 030 | -0.4 0.32

-11.0 -1.49 |-11.1 -1.47 |-11.5 -1.48 |-11.5 -1.55 |-11.3 -1.47 |-11.1 -L51 |-11.6 -1.50 |-11.5 -1.52 |-11.5 -1.44 |-11.3 -1.51 |-10.8 -1.42 | -11.2 -1.44
1.0 -1.49 |-11.1 -1.48 |-11.3 -1.47 |-11.4 -1.54 |-11.3 -1.46 |-11.0 -1.49 |-11.6 -1.49 |-11.4 -1.50 |-11.8 -1.44 |-11.2 -1.51 |-10.7 -1.42 | -11.0 -1.46
YHS|-10.9 -1.48 |-11.0 -1.51 |-11.4 -1.46 |-11.3 -1.50 |-11.3 -1.48 |-11.0 -1.47 |-11.3 -1.47 |-11.4 -1.50 |-11.6 -1.44 |-11.1 -1.50 |-10.6 -1.41 | -11.0 -1.44
-10.9 -1.47 |-10.9 -1.47 |-11.2 -1.46 |-11.2 -1.49 |-11.4 -1.46 |-11.0 -1.47 |-11.2 -1.45 |-11.3 -1.49 |-11.4 -1.42 |-11.1 -1.48 |-10.6 -1.41 | -10.9 -1.44
-10.7 -1.46 |-10.9 -1.46 |-11.2 -1.4 |-11.2 -1.49 |-11.4 -1.44 |-10.9 -1.43 |-11.2 -1.43 |-11.1 -1.48 |-11.3 -1.40 |-11.0 -1.48 |-10.6 -1.40 | -11.1 -1.47

-50.7 -7.712 |-50.6 -7.76 |-50.7 -7.78 |-50.6 -7.80 |-50.8 -7.77 |-50.5 -7.77 |-50.6 -7.79 |-50.6 -7.77 |-50.8 -7.75 |-49.8 -7.72 |-49.7 -7.71 | -50.4 -7.75
-50.9 -7.80 |-50.5 -7.74 |-50.7 -7.78 |-50.4 -7.78 |-50.8 -7.75 |-50.5 -7.76 |-50.4 -7.76 |-50.4 -7.76 |-50.6 -7.70 |-49.7 -7.71 |-49.7 -7.69 | -50.1 -7.75
I4A |-50.7 -7.72 |-50.5 -7.76 |-50.6 -7.77 |-50.4 -7.72 |-50.8 -7.78 |-50.5 -7.74 |-50.3 -7.76 |-50.3 -7.76 |-50.7 -7.68 |-49.6 -7.71 |-49.6 -7.69 | -50.0 -7.73
-50.6 -7.70 |-50.4 -7.74 |-50.7 -7.75 |-50.8 -7.72 |-50.8 -7.78 |-50.5 -7.73 |-50.2 -7.75 |-50.3 -7.75 |-50.5 -7.76 |-49.6 -7.68 |-49.5 -7.68 | -50.0 -7.70
-50.5 -7.78 |-50.3 -7.79 |-50.8 -7.75 |-50.7 -7.70 |-50.7 -7.75 |-50.3 -7.73 |-50.1 -7.74 |-50.6 -7.74 |-50.5 -7.74 |-49.5 -7.68 |-49.5 -7.68 | -50.0 -7.73

-65.1 -8.79 |-64.9 -8.80 |-65.0 -8.82 [-65.1 -8.84 |-65.2 -8.77 |-65.1 -8.84 |-65.0 -8.88 |-65.1 -8.77 |-64.9 -8.70 |-64.5 -8.77 |-64.3 -8.76 | -64.5 -8.77
7—65.1 -8.87 |-64.9 -8.77 |-65.0 -8.82 |-65.0 -8.83 |-65.0 -8.81 |-65.1 -8.81 |-64.9 -8.88 [-65.1 -8.75 |-64.8 -8.69 |-64.4 -8.77 |-64.3 -8.75 | -64.3 -8.77
oo -65.2 -8.81 |-64.8 -8.77 |-65.1 -8.81 |-65.0 -8.83 |-65.3 -8.82 |-65.1 -8.80 |-64.9 -8.84 |-65.1 -8.74 |-64.8 -8.69 |-64.4 -8.76 |-64.3 -8.74 | -64.3 -8.77
-65.2 -8.81 |-64.8 -8.75 |-65.0 -8.79 |-65.0 -8.82 |-65.0 -8.79 |-65.0 -8.80 |-64.9 -8.83 |-64.9 -8.73 |-64.8 -8.67 |-64.4 -8.75 |-64.2 -8.74 | -64.2 -8.76

-65.0 -8.79 |-64.7 -8.74 |-65.0 -8.78 -65.0 -8.81 |-65.2 -8.82 |-65.0 -8.77 |-64.7 -8.81 |-64.9 -8.73 |-64.7 -8.60 |-04.4 -8.73 |-64.2 -8.74 | -64.3 -8.77

-72.8 -10.18 |-72.7 -10.17 |-73.1 -10.15 |-73.1 -10.11 |-72.8 -10.13 |-72.8 -10.16 |-72.8 -10.21 |-72.7 -10.16 |-72.3 -10.10 |-72.3 -10.13 |-72.1 -10.09 | -72.6 -10.13
-72.9 -10.19 |-72.7 -10.15|-72.9 -10.14 |-73.1 -10.18 |-73.0 -10.15 |-72.8 -10.14 |-72.6 -10.20 |-72.6 -10.16 |-72.5 -10.10 |-72.2 -10.13 |-72.0 -10.09 | -72.3 -10.11
YYN|-72.9 -10.14|-72.6 -10.14 |-72.9 -10.14 |-72.9 -10.14 |-72.7 -10.14 |-72.8 -10.13 |-72.6 -10.19 |-72.3 -10.12|-72.7 -10.10 |-72.1 -10.12 |-72.0 -10.08 | -72.2 -10.11
-72.8 -10.13 [-72.4 -10.11 |-72.8 -10.13 |-72.9 -10.13 |-72.9 -10.14 |-72.8 -10.12 |-72.4 -10.18 |-72.5 -10.12 |-72.6 -10.09 |-72.1 -10.12 |-72.0 -10.07 | -72.3 -10.10
-72.7 -10.13 |-72.4 -10.10 |-72.9 -10.13 |-72.9 -10.12 |-72.5 -10.13 |-72.8 -10.11 |-72.4 -10.18 |-72.4 -10.12 |-72.8 -10.07 |-72.1 -10.11 |-72.0 -10.06 | -72.2 -10.12

-%.4 -13.25-%.3 -13.20 |-%.4 -13.18 |-9%.3 -13.21 |-%.4 -13.17 |-95.9 -13.15 |-%6.4 -13.13 [-%.8 -13.08 |-%.1 -13.07 |-%5.5 -13.12|-9%5.9 -13.17 | -%.1 -13.21
-%.3 -13.23-%.3 -13.18 |-%.4 -13.17 |-%.1 -13.20 |-%.8 -13.18 |-95.9 -13.15 |-%6.4 -13.12 [-%.7 -13.18 |-%.3 -13.12|-9%5.4 -13.12|-9%5.8 -13.16 | -9%5.9 -13.22
[3A |-%.4 -13.19 |-%.3 -13.18 |-%.5 -13.15|-9%.5 -13.18 |-%6.8 -13.13 [-95.8 -13.12 |-%.3 -13.11 |-%.5 -13.12|-%.2 -13.21 |-95.3 -13.10 |-95.8 -13.13| -95.8 -13.21
-%.4 -13.17|-9%.2 -13.16 |-%.7 -13.13 |-%.4 -13.17 |-9%.7 -13.15 |-95.8 -13.12 |-9%6.2 -13.08 [-9%6.5 -13.11 |-96.2 -13.11 [-95.3 -13.19 |-95.7 -13.13 | -95.7 -13.21
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i 7—189.0 -U.53-180.1 452 F189.0 -24.52 -189.0 —24.51 189.0 -24.52 |-189.0 -24.52 |-180.1 -24.52 1-189.0 -24.53 |-180.1 -24.54 1-189.3 -24.53 |-189.3 -24.54 | -189.0 -24.52
oo -180.0 -24.51 189.1 -24.52 |-180.0 -24.52 1-189.0 -24.51 |-189.0 —24.51 |-189.0 -24.51 |-189.1 -24.51 |-188.9 -24.52 -189.1 -24.54 |-180.2 -24.53 |-189.3 -24.54 | -180.0 -24.52
-189.0 -24.50 1891 -24.50 |-189.0 -24.52 -189.0 -24.51 |-189.0 -24.52 |-189.0 -24.51 |-189.0 -24.50 |-188.9 -24.51 |-189.1 -24.54 |-180.2 -24.53 |-189.3 -24.53 | -180.0 -24.51
-180.0 -24.50 (189.1 -24.50 |-189.0 -24.51 |-189.0 -24.50 |-189.0 -24.52 |-189.0 -24.51 |-189.0 -24.50 -188.9 -24.50 |-189.2 -24.53 |-180.2 -24.53 |-189.2 -24.53 | -180.0 -24.51
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Inter-Laboratory Comparison of Analysis for Hydrogen and Oxygen
Stable Isotope Ratios in Water Samples by Laser Absorption Spectroscopy

LAN Gao-yong, WU Xia, YANG Hui, TANG Wei, YING Qi-he, WANG Hua "
(Key Laboratory of Karst Dynamics, Ministry of Land and Resources & Guangxi, Institute of Karst Geology,

Chinese Academy of Geological Sciences, Guilin 541004, China)

Highlights
* It is high precision for 8D (0. 4%0, 1g) and 8" O (0. 05%0, lg) in water sample determined by Laser
Absorption Spectroscopy.

* The repeatability and reproducibility for measurement of §D and 8" O in water samples obtained from inter-

laboratory analysis are excellent.

* The inter-laboratory analysis data provide a reference for the development the standard method of Laser

Absorption Spectroscopy for measurement of 8D and 6" 0 isotopes in environmental waters.

Ref detector, /;

Q - L Transmission
detector, /
|::> Laser lﬁ Water Vapor AO

| Beers law: Allll-exp(-al) |

Twelve comparion analysis laboratories Laser Absorption Spectroscopy

High accuracy and
precision for dD, 00

Abstract; Laser Absorption Spectroscopy technology is a convenient and rapid method for the simultaneous
determination of hydrogen and oxygen isotope ratios in environmental water samples. This method has been widely used
in the environment, geology, ecology, and energy fields due to its simplicity, high detection efficiency, and portability.
However, no national standards are available for this method and thus the analytical results are not traceable effectively.
Moreover, the use of this method lacks norms and unity. In order to evaluate the accuracy and precision of the Laser
Absorption Spectroscopy method for the determination of 8D, 80, D/H and "*0/'°0 values of eight water samples
(8D value of within —189. 1%0 — —0.4%0, 80 value of within —24.52%0 —0.32%o0) , values were determined by
12 laboratories using optical cavity enhanced absorption spectroscopy. Data from each collaboration laboratory is
accurate , stable, and reproducible. The precision value of 8D is 0.4%0 (1¢-) and "0 is 0.05%0 (1¢°) , comparable
to the traditional mass spectrometry method. Therefore, the method is suitable for the on-line and real-time
determination of hydrogen and oxygen isotope ratio in the field. This study provides a reference for the development
and application of the standard method for determination of 8D and 6" 0 isotopes in environmental water.

Key words: Laser Absorption Spectroscopy; hydrogen isotope; oxygen isotope; inter-laboratory comparison;

environmental water sample
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