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FOREWORD 

The third interlaboratory comparison for stable isotopes in water samples was performed with 
the intention to provide means to self-assess the quality of measurements as performed in 
isotope hydrology laboratories and to further improve the consistency of data as provided by 
different laboratories. In view of the experience of past exercises, more elaborated schemes 
were used for data evaluation and assessment, and the high number of laboratories accepting 
those new rules underlines the importance of such exercises as additional valuable means to 
check the performance and improve the quality of stable isotope measurements in accordance 
with international trends. 

The long tradition of the IAEA in organizing such interlaboratory comparisons (the first two 
exercises not counted here were already performed in the Sixties and Seventies of the last 
century) is also a challenge to further improve the information dissemination to laboratories to 
stimulate the consistent application of  rules for analytical measurements which could finally 
result in an internationally accepted set of guidelines on “how to perform water stable isotope 
measurements”. 
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1. INTRODUCTION 

This report describes the design and outcome of the third interlaboratory comparison exercise 
for laboratories engaged in routine analysis of hydrogen and oxygen stable isotope 
composition of water samples organized by the International Atomic Energy Agency. This 
Water Interlaboratory COmparison exercise WICO2002 was carried out in the framework of 
the IAEA Analytical Quality Control Services (AQCS) programme. Two similar exercises 
were carried out in 1995 [1] and in 1999 [2], the first one having been limited to laboratories 
participating in analyses for the IAEA Global Network for Isotopes in Precipitation, the 
second one having been open to all interested isotope hydrology laboratories. However, the 
tradition of IAEA water stable isotope intercomparison is much older. Two interlaboratory 
comparison trials for isotope hydrology laboratories were carried out in the sixties and 
seventies, which revealed problems with the use of NBS-1 international standard; these data 
were used to calibrate the newly produced primary reference materials VSMOW and SLAP. 

The recent WICO2002 exercise was announced in May 2002 on the internet, via the 
ISOGEOCHEM news group on Isogeochemistry [3] and by emails to all participants of the 
two former intercomparisons. This exercise was split into two individual parts: Part I as 
reported here on the isotopic composition of water samples, and Part II on the isotopic 
composition of soil moisture, for which a separate report will be issued. 

In view of the experience with the former exercises it was decided to request all interested 
laboratories to initially provide some information on their laboratory equipment and on 
performance relevant details, before being entitled to receive the water samples. Altogether 95 
laboratories provided the requested information and received in July 2002 four water samples 
prepared and calibrated at the IAEA Isotope Hydrology Laboratory. These samples, labeled 
IAEA-OH-5 to IAEA-OH-8, will be referred to in this report as OH-5 to OH-8. By the end of 
the reporting deadline (end of September 2002) altogether 82 laboratories from 32 countries 
submitted 86 datasets back to the IAEA on the oxygen and hydrogen isotopic composition of 
these water samples. 

The four water samples cover the range of δ18O and δ2H values typical for the majority of 
natural waters. The samples were bottled from 20 liter stainless steel storage barrels into 50ml 
double capped brown glass bottles, serially numbered at the time of filling. Each laboratory 
received a set of four samples with a corresponding code. This code (sorted in terms of 
signing in to the exercise) forms the laboratory Identification (ID) code used throughout the 
exercise and in the tables and graphs of this report. The ID code is not related to the order of 
the list of participating laboratories in the annex. The identity of participating laboratories will 
not be revealed unless the laboratory explicitly agrees to it. 

 

2. SAMPLE PREPARATION AND REFERENCE VALUE ASSIGNMENT 

Four barrels of water from different areas were collected prior to the start of the exercise in 
quantities large enough to be able to extensively test the isotopic composition and still be able 
to prepare a sufficiently large number of bottles to distribute to the participants. 

IAEA-OH-5 (Adriatic Sea Water): The sample stems originally from the Mediterranean Sea. 
20 liter of sea water was taken in July 1998 at the island Pag, Adriatic Sea, Croatia. The water 
was subsequently distilled at Vienna and stored in a stainless steel drum. No further 
preparation step took place before filling the bottles. 
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IAEA-OH-6 (Lake Neusiedl Water): The sample was taken in May 2002 at Lake Neusiedl, 
about 40km east of Vienna, a shallow terminal lake. The sample was filtrated and distilled at 
the Isotope Hydrology Laboratory and stored in a stainless steel drum. 

IAEA-OH-7 (Vienna Groundwater): The sample was taken in December 2001 from a shallow 
well in Vienna at about two meters below groundwater level. The sample was stored untreated 
in a stainless steel drum. 

IAEA-OH-8 (High Alpine Snow): The sample was taken in February 2002 in Grossarltal, 
Hohe Tauern, Salzburg, Austria, representing a snow sample from 2000m asl. The snow was 
subsequently melted and transported to Vienna, where the water was filtered and stored in a 
stainless steel drum. 

The sample distillation (for samples OH-5 and OH-6) was performed in a modified Barnstead 
MP-6A water distillation apparatus with a separate cooling water supply (Figure 1), designed 
to process water batches without loosing larger fractions of it. Distillation of about 4 liters of 
water per hour could be achieved with virtually complete water recovery. 

After preparation all four samples were stored in airtight 20-liter stainless steel containers 
under slight argon overpressure (Figure 2). The containers are equipped with a special water 
extraction system allowing taking of samples without exposition to atmospheric air and 
therefore avoiding any risk of evaporation/contamination. 

 

Figure 1: Modified commercial sample 
distillation apparatus to ensure total recovery 
of water by distilling from water storage 
drum to other drum without contact to 
atmosphere.  

 

Figure 2: Storage drum for water samples. 
Sample outflow through valve at top driven 
by slight argon gas overpressure in drum 
headspace.  

 

 
The four water samples were analyzed thoroughly at the Isotope Hydrology Laboratory by 
using altogether three different mass spectrometers and preparation lines (two each for δ18O 
and for δ2H) with measurements spread out over a five months period (May - September 
2002). The δ18O and δ2H reference values as determined and calibrated at the IAEA Isotope 
Hydrology Laboratory are stated in Table 1 as mean values with associated standard 
uncertainties u for a single measurement at the 1σ-level. The standard uncertainty is 
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calculated by combining the effects of daily variations, variations between measurement days 
and the calibration uncertainty. The mean values and uncertainties are derived from n 
accepted individual measurements as stated in the columns ‘number of analyses’ (number of 
rejected values in brackets).  

Table 1. Isotope reference values for the four WICO2002 water samples as determined at 
IAEA. Standard uncertainty u for a single analysis is given at the 1σ level. The number of 
accepted analyses to derive the mean value is reported (number of the rejected values in 
brackets). 

δ18O reference values δ2H reference values Sample 

mean value 
[‰] 

uncertainty 
1σ [‰] 

number of 
analyses 
(rejected) 

mean value
[‰] 

uncertainty, 
 1σ [‰] 

number of 
analyses 
(rejected) 

OH-5 -0.199 ±0.034 82 (5) -1.73 ±0.59 81 

OH-6 -4.159 ±0.028 79 (3) -38.65 ±0.42 80 

OH-7 -10.646 ±0.032 85 (2) -77.63 ±0.58 49 (1) 

OH-8 -16.204 ±0.036 88 -121.52 ±0.45 52 

 
In the previous two IAEA interlaboratory comparison exercises of the years 1995 and 1999 
the reference value determination was handled somewhat differently. The 1995 exercise [1] 
was designed as a calibration exercise for selected laboratories with the international 
reference materials VSMOW/SLAP/GISP being distributed as part of the exercise. Therefore 
all laboratories participated in the calibration of the distributed four unknown samples on an 
equal footing. In the year 1999 the approach was different for two reasons. First, the number 
of participants was large, putting constraint on the distribution of reference materials. Second, 
the objective was to help the laboratories to test their routine performance in determination of 
isotope ratios [2]. Therefore no reference materials were distributed as part of that exercise. 
Instead, for calibration of the distributed samples, several experienced laboratories were 
selected beforehand and their results for each of the samples were used to derive a consensus 
value representing the best estimate of the true isotopic composition. The selection of 
laboratories was based on their previous involvement in the intercalibration of various water 
samples for the production of a successor for VSMOW, where highly consistent datasets were 
required and successfully generated by the participating laboratories. 

For the WICO2002 exercise we were confident that the experience gained in previous 
exercises and the ongoing intercomparisons of the IAEA laboratory with several other isotope 
hydrology laboratories is sufficient to calibrate the four samples only internally at the IAEA 
(Table 1). 

As a further cross-check the values obtained at IAEA were compared with the results of five 
laboratories, which had participated in the sample calibration for the previous 1999 exercise. 
One of the five laboratories reported two individual datasets for δ18O. The average values 
compiled from these laboratories are shown in Table 2 and document the very good 
agreement between IAEA and the other five laboratories, being well within 1σ-uncertainties 
of single determinations.  

Estimated standard errors (ese) calculated from these data sets using the number of individual 
analyses (10 individual measurements per laboratory, see Table 2) give significant differences 
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at 2σ-level for five of the 8 values between IAEA and the five other laboratories. Since these 
ese-values do not take explicitly into account any possible systematic offsets between 
laboratories (e.g. the individual unknown calibration uncertainties in laboratories), this finding 
seems not to be critical for the main purpose to derive best estimates of true values for all four 
samples. Taking into consideration just the calibration uncertainty at the IAEA laboratory as 
additional systematic uncertainty component (±0.02‰ for δ18O and ±0.3‰ for δ2H) would 
make the differences insignificant at the 2σ-evel. 

Table 2. Isotope values for the four WICO2002 water samples as determined by six 
laboratories which participated in the sample calibration for the 1999’ exercise. Standard 
deviations are given at the 1σ level. Each laboratory performed 10 individual measurements 
per sample. In the column ’number of laboratories’ the number in brackets indicate the 
number of rejected values. 

δ18O δ2H Sample 

mean value  
[‰] 

standard 
deviation 
1σ [‰] 

number of 
laboratories 

mean value
[‰] 

standard 
deviation 
 1σ [‰] 

number of 
laboratories 

OH-5 -0.204 ±0.038 5 (1) -1.33 ±0.63 5 

OH-6 -4.192 ±0.076 6 -38.32 ±0.46 5 

OH-7 -10.688 ±0.043 5 (1) -77.48 ±0.64 5 

OH-8 -16.222 ±0.026 6 -121.61 ±0.24 5 
 

3. EVALUATION AND PRESENTATION OF THE REPORTED DATA 

3.1. First screening 

The individual results submitted to the IAEA by the participating laboratories were first 
screened for consistency and plausibility. In 22 cases, emails were sent to laboratories asking 
for checks of the submitted results for validity of calculations (mean value versus individual 
data), possible use of wrong reporting scales or just for typing mistakes. Unfortunately, a 
considerable number of minor omissions and small mistakes were detected including several 
severe incidents of mixing up of data. The revisions received were incorporated to update the 
master dataset used for all further calculations. The master dataset is listed in APPENDIX I.  

After the submission deadline, in a first rough evaluation, the reported mean values and 
individual data were compared with the reference values (Table 1). In all such cases, where 
three or more mean values deviated from the reference values by more than 0.2‰ for δ18O or 
2‰ for δ2H, respectively, notifications were sent to the laboratories concerned. Altogether 25 
laboratories received such emails. Three different types of standard messages were sent out, 
informing the laboratories of a detected offset. The messages referred generally to the 
observation of fixed value offsets for all four samples, to a linear shift of the values or to 
irregular outlier measurements. The first two cases could generally be attributed to problems 
in calibration or in normalization of results. The laboratories were asked to check their 
procedures and measurements. We received answers from 16 laboratories including revised 
datasets from 7 laboratories. However, those revised datasets were not used for the statistical 
evaluation below, but are listed in a separate table in APPENDIX I. 

The choice of the deviation limits (0.2‰ and 2‰) used above for the first screening 
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corresponds to the widely used performance criteria for isotope hydrology measurements of 
±0.1‰ for δ18O and ±1‰ for δ2H indicating acceptable performance. Here those criteria are 
used at the 2σ-level, not considering any uncertainty for the reference values. 

 

3.2. Statistical methods 

The statistical analysis of the submitted results was undertaken with the major objective to 
assess the performance of individual laboratories (precision and accuracy) with respect to the 
reference δ18O and δ2H values for the analysed four samples. 

To reach this goal, a two-stage statistical treatment, adopted in previous IAEA interlaboratory 
exercises of similar nature [1,2,4,5], was applied to the entire population of submitted results. 
 
The two-stage statistical treatment: 
In stage I of the statistical treatment, obvious outliers were discarded based on the frequency 
distribution of values: after determination of the upper (HU) and lower (HL) quartiles, as well 
as the interquartile range (HU-HL), the values exceeding HU + 3.0·(HU-HL) and HL -3.0·(HU-
HL) were discarded. The provisional mean compiled after stage I was further used for the 
stage II-outlier-rejection procedure.  

In stage II of the evaluation process, the remaining results were assessed for each laboratory 
through examination of the difference between the reported isotope result x and the 
provisional mean m of stage I, divided by the standard uncertainty s quoted by the given 
laboratory. The results for which the ratio |(x-m)|/s was larger than 2 were discarded, implying 
a significant deviation from the expected concordance of results. This procedure identified 
those results which were seriously overestimating their measurements precision. 
 
In the final step, the weighted average was calculated by weighing the individual results by 
the reciprocal of the quoted variance: 
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n stands for the final number of results accepted after the second step of the data evaluation 
procedure. 

All data evaluation and especially the outlier determination was performed with the 
PASCAL-based software ICE (InterComparisonEvaluation, version 4.8), specially developed 
at IAEA for the purpose of providing a standardized evaluation tool for the interlaboratory 
comparisons and proficiency tests performed in the field of environmental stable isotope and 
tritium analysis. The program output results were verified by use of simulated data sets and 
comparison with the output of the same algorithms used with commercial spreadsheet 
programs. The main advantages was found to be the easy application of outlier detection 
procedures, the robustness of ICE calculations for different data sets and the minimization of 
typing and calculation errors compared to the handling of quite elaborated spreadsheet forms. 

 

3.3. Presentation of the results 

In Table 3 the average values for the four samples are given as evaluated from all submitted 
data of the participating laboratories using the evaluation scheme discussed in the previous 
section. It provides the average values and associated standard deviations at 1σ-level and the 
number of accepted laboratory values (in brackets number of rejected laboratory values). 

Table 3: Average isotope values as determined by all participating laboratories for the four 
WICO2002 water samples. Each laboratory performed 10 individual measurements per 
sample. In the column ‘number of laboratories’ the number of rejected laboratories is stated 
in addition in brackets. 

δ18O δ2H Sample 

mean value  
[‰] 

standard 
deviation 
1σ [‰] 

number of 
laboratories 
(rejected) 

mean value
[‰] 

standard 
deviation 
 1σ [‰] 

number of 
laboratories 
(rejected) 

OH-5 -0.26 ±0.17 82 (2) -2.1 ±1.8 74 

OH-6 -4.22 ±0.14 81 (3) -39.1 ±1.7 74 

OH-7 -10.72 ±0.15 82 (2) -77.8 ±1.2 72 (2) 

OH-8 -16.27 ±0.14 78 (5) -122.0 ±1.5 70 (3) 
 

The submitted laboratory mean values for δ18O are listed in Table 6 in APPENDIX I, with 
columns listing first the assigned laboratory identification number (ID), and in the following 
columns several laboratory parameters: the indication of a performed VSMOW/SLAP 
calibration along the WICO2002 analyses, the number of laboratory water standards used for 
daily calibration and the amount of water and duration of the water/CO2 equilibration. In the 
next columns the submitted mean values with associated standard uncertainties at a 1σ-level 
are reported for the samples OH-5 to OH-8 with the status as of the reporting deadline (30 
September 2002). In the following four figures (Figure 3 to Figure 6) these data are displayed 
graphically as S-shape plots versus laboratory identification number sorted by increasing 
numerical values with uncertainties given here at the 2σ-level. Outliers as defined by the 
statistical evaluation described above are marked in the figures with open symbols. A few 
outlier datasets could not even be displayed on the selected plot scales. The reference value 
and its standard uncertainty at 2σ-level are indicated in each figure as horizontal lines. 
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Similarly the submitted δ2H results are listed in Table 7 in APPENDIX I, with columns listing 
assigned laboratory identification number (ID), and several laboratory parameters as the 
indication of a performed VSMOW/SLAP calibration along the WICO2002 analyses, the 
sample preparation method used, the number of laboratory water standards used for daily 
calibration and the amount of water used per measurement. In the following columns the 
submitted mean values with associated standard uncertainties at a 1σ-level are reported for the 
samples OH-5 to OH-8 with the status as of the reporting deadline (30 September 2002). In 
four figures (Figure 7 to Figure 10) these data are displayed graphically as S-shape plots 
versus laboratory identification number sorted by increasing numerical values. Outliers as 
defined by the statistical evaluation above are marked in the figures with open symbols. A 
few outlier datasets could not even be displayed on the selected plot scales. 

In Table 8 in APPENDIX I seven revised laboratory results are listed, which were re-
submitted after the deadline after notification of possible problems to the laboratory. These 
datasets were not used in the statistical evaluation or graphical display of results. 
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Figure 3: S-shape plot for δ18O values of sample IAEA-OH-5. Values outside the plot range 
are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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Figure 4: S-shape plot for δ18O values of sample IAEA-OH-6. Values outside the plot range 

are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols. 
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Figure 5: S-shape plot for δ18O values of sample IAEA-OH-7. Values outside the plot range 

are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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Figure 6: S-shape plot for δ18O values on sample IAEA-OH-8. Values outside the plot range 

are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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Figure 7: S-shape plot for δ2H values on sample IAEA-OH-5. Values outside the plot range 

are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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Figure 8: S-shape plot for δ2H values on sample IAEA-OH-6. Values outside the plot range 

are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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Figure 9: S-shape plot for δ2H values on sample IAEA-OH-7. Values outside the plot range 
are not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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Figure 10: S-shape plot for δ2H values on sample IAEA-OH-8. Values outside the plot range 

not shown. Outliers as recognized during the statistical evaluation are marked by open 
symbols.  
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An interesting feature for all eight S-plots is the skewed distribution and the obvious bias of 
values towards more negative values, which will be discussed later. A large spread of 
uncertainties is visible in the figures (Figure 3-Figure 10); for a considerable number of 
laboratories the uncertainties are of such an order of magnitude, that measured data could not 
be used in a meaningful way in hydrological applications. This is recognized, but was not 
used as acceptance criterion in the evaluation (in contrary to a proficiency test), since the 
exercise was intentionally open to all laboratories measuring stable isotopes in water samples 
and was not limited to isotope hydrology laboratories. 

A different display of the same data is provided by δ2H/δ18O plots. These plots are quite 
useful to visualize the spread of hydrogen and oxygen data provided for any given sample. In 
the following four figures (Figure 11-Figure 14) the reported laboratory mean data are plotted 
for each water sample. In the same plots the respective average of the reported values 
calculated from all participating laboratories (except rejected values) is marked as circle with 
associated uncertainty (1σ-level). The squared symbol marks the IAEA reference value and its 
uncertainty (see Table 1). Several values could not be displayed in the plot at the chosen 
scales, but it was decided to have all four plots covering a similar range of δ-values (range of 
1.2‰ and 12‰ each). It is worthwhile to note that the average value for all laboratories is 
biased towards more negative δ-values versus the reference value (and versus the subset of 
laboratories in Table 2). Calculating the ratio of δ18O and δ2H offsets for the ‘all-lab’ average 
values shows ratios ranging from 3 to 8. This may indicate an underlying reason beyond 
individual offsets of the deuterium and 18O analysis methods and is pointing towards 
systematic effects in the calibration of laboratory standards. For example such an effect could 
be caused by improper use of the international reference materials VSMOW and SLAP. 
Indeed, several laboratories indicated that they use these two materials on a daily basis. 
Assuming a slight evaporative enrichment of these materials with time (daily opening of a 
small bottle containing less than 20 ml of the material), a relative shift of the not-evaporated 
samples towards more negative values is expected, both for deuterium and for 18O. Similarly, 
improper storage of water laboratory standards with evaporative enrichment could cause the 
same pattern of offsets. 
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Figure 11: δ2H/δ18O plot of all reported laboratory mean values for the sample IAEA-OH-5. 

Not all values could be displayed using the selected scale. 
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Figure 12: δ2H/δ18O plot of all reported laboratory mean values for the sample IAEA-OH-6. 

Not all values could be displayed using the selected scale. 
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Figure 13: δ2H/δ18O plot of all reported laboratory mean values for the sample IAEA-OH-7. 

Not all values could be displayed using the selected scale. 
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Figure 14: δ2H/δ18O plot of all reported laboratory mean values for the sample IAEA-OH-6. 

Not all values could be displayed using the selected scale. 
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3.4. Performance rating 

An interesting question for any laboratory participating in interlaboratory comparison exercises 
is to obtain information on its relative performance versus the other participants. In the last 
IAEA exercises [2,6], attempts were made to provide such information graphically. 

An obvious measure for the accuracy of a result is the deviation from the respective reference 
value. Since the measurement process for all four samples is the same and the precision of 
measurements should theoretically be not much dependent on this range of δ-values, the four 
sample results can be treated as providing independent tests for the accuracy of measurements 
in each laboratory. In Figure 15 the cumulative deviation from the reference value for all four 
δ18O results is displayed as stack plot for each laboratory. A value equal to the reference value 
therefore has a value of zero on a ∆δ18O scale (∆δ18O=δ18Olab–δ18Oreference). The laboratories are 
sorted towards increasing absolute cumulative deviation. 
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Figure 15: Deviation of δ18O results versus reference values for all four samples analyzed by 

each laboratory and sorted by increasing deviation. 
 

For hydrological applications, one would accept for each result a maximal deviation of 0.2‰ 
from the true value. For a combination of four measurements and random fluctuations this 
would result in a maximal acceptable deviation of 0.4‰ ( 2.04 × ‰)1 as stack plot length. This 

                                                      

1 Note: Here we don’t consider a combination of individual deviation components (one from statistical 
measurement uncertainty and one from systematic offsets), but rather a net deviation regardless of the underlying 
reason. 



 

16 

criterion could be used to check whether a given laboratory performs satisfactorily in regard to 
analytical requirements for hydrological applications. It can be seen easily that only about 60% 
of all laboratories would pass this test. 

A similar approach can be used for δ2H measurements and is shown in Figure 16. Using the 
same arguments, one would derive a maximal acceptable deviation of 4‰ for four 
measurements. The percentage of laboratories passing the test is equally in the order of 60%. 
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Figure 16: Deviation of δ2H results versus reference values for all four samples analyzed by 

each laboratory and sorted by increasing deviation.  
 

One can conclude that according to the criteria developed in the two figures (Figure 15 and 
Figure 16) about 40% of all laboratories have had problems to meet usual quality criteria during 
the WICO2002 exercise. Obviously, this cannot be extrapolated to the performance before or 
after this interlaboratory exercise.  

An additional way to check the performance of a laboratory is to compare its deviation from a 
reference value based on the stated average laboratory standard uncertainty. This parameter is a 
very good measure, since it should be based on long term trends of laboratory performance 
normally monitored over many months or even years and it should include an estimate of all 
error components, both statistical fluctuations as well as systematic effects. In the lower part of 
Figure 17 the stated δ18O standard laboratory uncertainty for a single analysis is plotted in 
increasing order, as reported by each laboratory at the beginning of the exercise. In the upper 
part of the figure, the cumulated deviation from the reference values is plotted for all four 
values as already given in Figure 15. In Figure 17 a thick black line indicates the laboratory 
uncertainty estimate (four times the standard uncertainty of the lower part of the figure). 
Columns being much higher than the black line indicate an underestimation of uncertainty for 
those laboratories (deviations being much larger than expected). On the other hand, columns 
being much lower than the black line, indicate a too conservative approach in uncertainty 
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evaluation at that laboratory (real precision and accuracy better than assumed). It seems that a 
large fraction of laboratories includes a safety factor above two in their statement of laboratory 
uncertainty. A similar plot for δ2H measurements is provided in Figure 18. 
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Figure 17: Comparison between reported δ18O uncertainty (lower part) and deviation from the 

reference value (upper part) for each laboratory. 
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Figure 18: Comparison between reported δ2H uncertainty (lower part) and deviation from the 

reference value (upper part) for each laboratory. 
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In an attempt to provide an overall assessment of laboratory performance both for δ18O and for 
δ2H during the WICO2002 interlaboratory comparison, the laboratory deviations as displayed in 
Figure 17 and Figure 18 were artificially combined. Due to the coupling of many δ18O and δ2H 
values in nature by the mean meteoric water line the following scheme was used. The absolute 
value of all sample deviations for δ2H from Figure 18 was combined with the similar data for 
δ18O from Figure 17, the latter data being multiplied by a factor of eight. This latter factor 
represents the average correlation of δ18O and δ2H data and therefore weighs the deviations to a 
similar level. The resulting numerical value for any laboratory provides an indicator for 
laboratory deviation from reference values for the four distributed samples. A smaller value 
obviously can be interpreted as better correspondence to the reference values and thus – limited 
exclusively to the WICO2002 sample measurements – indicates better performance. Those data 
are displayed in Figure 19. Laboratories having analyzed only δ18O or δ2H are displayed 
separately at the right side of the plot. 

12 10
B 24 17
A 65 76 33 50 90 51 22 41 58 69 34 38 10
A 70 57 40 53 8 19 4 3 71 27 25 94 23 60 91 81 54 1 21 59 16 79 48 26 36 02 78
A 35 15 89 64 17
B 49 55 7 45 9 31 37 43 66 72 29 5 13 39 86 32
A 28 20 56 47 74 95 80 44 77 18 6 92 83 30 46 87 63 75 8278
B

32
B

0

5

1 0

1 5

2 0

2 5

3 0

3 5

In
di

ca
to

r f
or

 o
ve

ra
ll 

La
bo

ra
to

ry
 P

er
fo

rm
an

ce

L a bo ra to ry Id e n tif ica tio n  N u m b e r

  2H
 18O

 

Figure 19: Indicator for overall laboratory performance derived from both δ2H and δ18O data. 
 

It has to be stressed, however, that such an performance indicator is somewhat arbitrary, as it 
combines different and independent measurements performed not in routine modus (ten 
analyses for each submitted value) and provides only a snapshot on laboratory performance 
limited to the time period in summer 2002 when the WICO2002 measurements were actually 
performed. No extrapolation is possible to the past and future based on the performance 
indicators presented here. 

 

4. QUALITY ASSURANCE AND POSSIBLE IMPROVEMENTS 

In this chapter, the available data and information will be discussed in terms of quality 
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assurance approaches, highlighting the most relevant operation factors and parameters. Some 
proposals are formulated, suggesting measures about how to further improve the quality of 
water stable isotope measurements in routine laboratory work. 

4.1. Basic quality assurance issues 

So far in Chapter 3 the whole set of submitted results was first discussed as an ensemble. 
Several conclusions could be drawn from this evaluation: 

• 22 out of 86 datasets submitted to IAEA contained obvious errors or inaccuracies, which 
were visible without any detailed evaluation and could be easily corrected by the 
laboratory concerned, after the problem had been pointed out to them. Several were of 
minor importance, but a few were of severe character, invalidating the submission. 

• Data from 25 laboratories showed considerable deviations from the reference values for 
at least three sample values. In several cases the underlying reasons were found by the 
laboratories after the most probable kind of error was indicated to them. 

• A general bias exists towards more negative values for the set of all participating 
laboratories, which cannot be attributed to random offsets in 2H or 18O measurements 
alone. 

• A large fraction of around 40% of the participating laboratories has considerable 
problems in achieving such precision and accuracy targets as needed for most 
hydrological applications. The percentage of nonconforming results is similar both for 
δ18O and for δ2H. 

• Many laboratories are stating standard uncertainties for their measurements, which are 
too low or too high. Especially the underestimation of uncertainty is critical. Other 
uncertainties stated are so huge, that the results themselves are becoming very uncertain 
and are of limited usefulness for most hydrological applications. 

4.2. Important QA parameters for WICO2002 

While the section on performance rating in the last chapter dealt with individual laboratory 
performance, no indication was given for possible reasons of performance differences. In this 
section, the influence of some measurement parameters on the laboratory performance is 
discussed. Some of the parameters and information requested from the participants can be found 
in APPENDIX I. While attempt was made to achieve as much information as possible from the 
participating laboratories, still some gaps exist on individual measurement conditions and 
parameters. 

The approach followed here is to group the laboratories at a time according to one selected 
parameter being thought to be important for the analytical process and to derive mean values for 
those sub-groups according to the same statistical procedure and outlier test as indicated earlier 
in Chapter 3. No multivariate analysis was performed so far on the data set available. 

The results of the different parameter tests are shown in Table 4 for δ18O and in Table 5 for δ2H. 
The discussion of those results is given in the following sub-sections. It should be noted that the 
tables state the average uncertainty for a single laboratory within a sub-group and not the 
standard error of the mean for that group. Therefore the relatively small mean value differences 
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in relation to big uncertainties do not invalidate a comparison of those values in terms of 
laboratory performance. But those data – in the best case – can show trends only, which 
sometimes may be masked by effects of other parameters. 

Table 4: Evaluation of importance of some different measurement parameters on laboratory 
performance for δ18O measurements. Means and uncertainties are provided for each sub-group 
separated by parameter values. The number of values in the subgroup is stated under no. For 
details see text of sections as stated in first column. Best fit to reference value of a sub-group is 
marked as shaded cells. 

 δ18O OH-5 OH-6 OH-7 OH-8 
see 
section 

 mean unc. no
. 

mean unc. N
o. 

mean unc. no
. 

mean unc. no
. 

2 Reference 
value 

-0.199 0.034  -4.159 0.028  -10.646 0.032  -16.204 0.036  

3.3 All laboratories -0.26 0.17 82 -4.22 0.14 81 -10.72 0.15 82 -16.27 0.14 78 
New calibr. -0.28 0.18 39 -4.21 0.17 39 -10.71 0.13 39 -16.25 0.16 36 4.2.1 Old calibr. -0.25 0.10 39 -4.22 0.10 39 -10.72 0.17 40 -16.29 0.13 39 
1 standard -0.29 0.21 21 -4.24 0.19 21 -10.74 0.18 21 -16.27 0.22 21 
2 standards -0.22 0.09 29 -4.19 0.10 29 -10.70 0.08 28 -16.27 0.10 29 

 
4.2.2 

3 standards -0.27 0.13 27 -4.23 0.11 27 -10.71 0.13 29 -16.26 0.11 26 
EqTime <4h -0.23 0.08 6 -4.16 0.07 6 -10.66 0.07 5 -16.21 0.10 6 
EqTime 4-5h -0.28 0.22 16 -4.21 0.19 16 -10.68 0.12 16 -16.21 0.10 14 
EqTime 6-9h -0.25 0.10 20 -4.19 0.11 20 -10.69 0.11 21 -16.26 0.13 20 

 

4.2.5 

EqTime10-48h -0.28 0.15 27 -4.25 0.14 27 -10.72 0.20 28 -16.28 0.14 26 
Mass <0.1g -0.35 0.14 3 -4.20 0.25 3 -10.90 0.15 3 -16.45 0.18 3 
Mass <2g -0.30 0.16 18 -4.25 0.15 18 -10.73 0.22 19 -16.27 0.16 17 
Mass 2g -0.33 0.17 15 -4.26 0.14 15 -10.72 0.09 15 -16.27 0.12 14 
Mass 3g -0.25 0.16 17 -4.21 0.16 17 -10.71 0.12 17 -16.29 0.16 17 

 
 
4.2.6 

Mass 4-5g -0.19 0.09 19 -4.17 0.12 19 -10.68 0.10 20 -16.23 0.11 19 
 
Table 5: Evaluation of importance of some different measurement parameters on laboratory 
performance for δ2H measurements. Means and uncertainties are provided for each sub-group 
separated by parameter values. The number of values in the subgroup is stated under no. For 
details see text of sections as stated in first column. Best fit to reference value of a sub-group is 
marked as shaded cells. 

 δ2H OH-5 OH-6 OH-7 OH-8 
see 
section 

 value unc. no. value unc. no. value unc. no. value unc. no. 

2 Reference 
value 

-1.73 0.59  -38.65 0.42  -77.63 0.58  -121.52 0.45  

3.3 All laboratories -2.1 1.8 74 -39.1 1.7 74 -77.8 1.2 72 -122.0 1.5 70 
New calibr. -1.8 1.8 34 -38.6 1.3 32 -77.7 1.4 33 -121.7 1.8 32 4.2.1 Old calibr. -2.3 1.6 38 -39.2 1.5 38 -78.0 1.0 38 -122.2 1.2 37 
1 standard -2.5 2.3 19 -39.3 2.5 19 -78.0 2.2 18 -121.9 2.3 18 
2 standards -2.0 1.5 26 -38.8 0.8 25 -77.7 1.0 26 -121.8 1.3 26 

 
4.2.2 

3 standards -1.9 1.4 26 -38.8 1.1 26 -77.9 0.8 26 -122.0 0.7 24 
Cr reduction  -2.2 1.5 17 -39.2 1.9 17 -77.9 1.0 16 -121.9 0.7 15 
Equilibration -1.8 1.7 28 -38.9 1.4 28 -77.6 1.0 28 -121.9 1.4 26 
Pyrolysis -4.6 - 2 -39.7 - 2 -79.1 - 2 - - - 
U reduction -1.8 1.1 4 -38.7 0.7 4 -77.6 1.2 4 -121.5 0.5 4 

 
 
4.2.4 

Zn reduction -1.6 0.9 18 -39.5 2.2 22 -78.3 2.0 22 -121.9 2.1 21 
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4.2.1. Routine measurement versus sample calibration 

The task of the participating laboratories was to analyze each of the samples 10 times over a 
period of several days to obtain a best estimate for their isotopic composition. This was 
considered after realizing that requests for a “routine analysis” scheme would not be followed 
by all laboratories and would result in questionable comparison of data. However, even for this 
scheme of a best-precision determination involving ten replicate measurements a further 
deviation from the requested analytical scheme is possible. Inconsistencies in precision would 
arise in case of sample measurements carried out along with aliquots of VSMOW and SLAP 
(for direct calibration) as against data obtained by using calibrated laboratory water standards 
(routine measurement). It is expected that laboratories calibrating the samples directly against 
the international reference materials would obtain values closer to the true values due to the 
absence of additional uncertainty coming from laboratory water standards. That would mean 
that the WICO2002 samples are calibrated directly against VSMOW. However, such an action 
is counterproductive for a laboratory in a long run since (mis-)using the international reference 
materials for the calibration of the WICO2002 samples reduces the possibility to better calibrate 
the normally used laboratory water standards. Therefore, this procedure can not be 
recommended at all. However, it was used by about half of the laboratories, both for δ18O and 
for δ2H (see Table 4 and Table 5). The reference values were obtained using internal laboratory 
standards (“old calib”). 

As expected, for the δ2H sample mean values calculated from the data set of laboratories that 
calibrated the WICO2002 samples directly against VSMOW/SLAP (“new calib”) was distinctly 
better than for those who performed routine measurements (“old calib”), even when the 
standard error of the mean calculated for both cases generally overlap at the one sigma level.  

Interestingly, for δ18O no stringent performance difference was visible when comparing both 
datasets, which points towards a more robust situation for oxygen stable isotope calibration. 

4.2.2. Number of internal laboratory water standards used 

It should be obvious, that for stable isotope measurements a daily routine calibration using only 
one internal laboratory standard cannot be used to correct for any scale normalization effect (see 
the basic concept underlying the introduction of the VSMOW/SLAP scale). Two internal 
laboratory standards would allow a scale normalization; further improvements in the 
performance can be achieved by having standards close to the isotopic composition of measured 
samples. 

Table 4 and Table 5 show a better performance level for laboratories using two or more internal 
laboratory standards versus those using exclusively one. Surprisingly, however, laboratories 
with two standards perform in general better than those with more than two standards. 
Eventually this could be attributed to the limited amount of VSMOW and SLAP available for 
calibration (20 ml each once in three years), limiting the number of analyses, in case of too 
many laboratory standards to be calibrated and verified. 

4.2.3. Type of mass spectrometer used 

Results of this evaluation are not displayed, since no clear pattern could be identified. There is 
no correlation between the model (age or type) of the mass spectrometers and their 
performance. Sometimes “oldtimers” sold more than fifteen years ago performed similar or 
better than the newest machines and sometimes it was the opposite. It looks like that the 
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experience of the operator is much more important than the type of instrument. This is 
confirmed by the experience at the IAEA Isotope Hydrology Laboratory, where the 
performance of an originally 30 year old mass spectrometer is just similar to that of a new 
generation mass spectrometer (now 5 years old), which was verified for the last five years. Only 
the construction of a new improved water equilibration system finally made a difference and 
resulted in a visible performance difference. 

4.2.4. Measurement method for δ2H analysis 

There is a clear indication of performance difference among the various methods of δ2H 
determination (see Table 5). The uranium water reduction method shows best results, but is 
performed by a small group of only four laboratories. The water/H2 gas equilibration seems to 
show a similar, slightly lower performance, while Zinc, Chromium and Pyrolysis show in 
general larger deviations from the reference values. The spread of uncertainty data (uncertainty 
of the sub-groups) is comparable, with the uranium method showing best performance. 

4.2.5. Water-CO2 equilibration time for δ18O analysis 

From theoretical considerations a longer equilibration time should provide some safety buffer 
against incomplete CO2/H2O equilibration. Surprisingly just the opposite seems to be true for 
the participating laboratories: equilibration times below 4 hours result in best performance and 
mean values close to the reference values, while longer equilibration times result in worse 
performance with worst results from long equilibration times between 10 and 48 hours. 

It could be speculated that the temperature stability of the equilibration baths could be 
responsible for this effect; at the IAEA laboratory spatial and temporal temperature deviations  
of about ±0.3 ºC occurred in one commercial equilibration bath. The construction of an 
equilibration bath with a temperature stability better than ±0.03 ºC together with an improved 
water/gas mixing efficiency resulted in more concordant stable isotope data [8]. A similar 
improvement was achieved in an air equilibration system by intensified air circulation and 
resulting improved temperature stability. 

4.2.6. Amount of water used for δ18O water-CO2 equilibration 

Here the results presented in Table 4 are unambiguous: by far the best performance is delivered 
from measurements with the largest water amounts of 4-5 grams water, both in terms of 
deviation from the reference values as well as in the uncertainty (expressing the homogeneity of 
results in the sub-group). The smaller water amounts used show larger deviations from 
reference values and large deviations within the group. 

 

4.3. Recommendations to improve the quality of measurements 

From the evaluation in section 4.2 some preliminary recommendations can be formulated. In 
general, the use of (at least) two internal laboratory water standards is recommended. For δ18O 
measurements with the water equilibration method, special attention should be given to the 
temperature stability problem, eventually allowing shorter equilibration times to be applied. 
Caution should be applied for small water amounts in the equilibration method since they seem 
to cause side-effects and larger uncertainties between laboratories. For δ2H, the performance of 
the different available methods seems to be slightly different, but finally the scatter among 
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laboratories applying the same method is larger than the offset between methods, pointing to the 
need of best quality control for each method.  

Finally, many laboratories have to be careful in data reporting and should revise their data 
reporting and checking schemes to avoid small problems (like reporting data with inappropriate 
number of significant digits) or severe problems (wrong calculations or reporting of raw data 
instead of calibrated data). 

 

5. CONCLUSIONS 

The WICO2002 interlaboratory comparison has confirmed findings of earlier exercises in terms 
of detecting potential problem areas for laboratories. Some improvements could be detected for 
δ18O measurements. Requesting laboratories to provide more background data has for the first 
time provided the chance to look into reasons for large deviations in the results. There is still a 
considerable fraction of laboratories with basic problems in accuracy, precision, and in 
statement of justifiable measurement uncertainty. Further efforts are needed to improve this 
situation. 

On the other hand a majority of laboratories has proved themselves capable of providing high 
quality data which can be used confidently for hydrogeological studies. 

It is desirable to provide larger quantities of international standards to laboratories to increase 
their ability to perform robust and precise calibrations of internal laboratory standards. 
However, this would be possible only after preparation of successor materials for VSMOW and 
SLAP. Precise calibration seems to be a possible bottleneck for those laboratories which still 
are subject to considerable offsets from the reference values. The basic requirement remains to 
suitably calibrate and store the internal laboratory water standards. 

Participation by a large number of laboratories despite newly established rigid rules for 
participation in the WICO2002 exercise (mandatory data reporting before accepting 
participation) shows a high interest in this kind of quality check for laboratories. It is hoped that 
the next exercise to be announced in a few years from now will be even more successful and 
will show an overall improvement in analytical precision and quality of results. 

Detailed guidelines for operation of isotope hydrology laboratories will be published in the near 
future by the IAEA to stimulate improvements in analytical quality assurance and to foster the 
application of operation rules according to ISO guidelines. 

6. REFERENCES 

[1] Araguás-Araguás, L., K. Rozanski (1995): IAEA interlaboratory comparison for 
deuterium and oxygen-18 analysis of precipitation samples. IAEA Report, Vienna, 33 
pp. 

[2] Lippmann, J., M. Gröning, K. Rozanski (1999): 2nd interlaboratory comparison for 
deuterium and oxygen-18 analysis of water samples. IAEA Report, Vienna, 44 pp. 

[3] ISOGEOCHEM newsgroup: http://geology.uvm.edu/geowww/isogeochem.html 



 

24 

[4] Rozanski, K., W. Stichler, R. Gonfiantini, E.M. Scott, R.P. Beukens, B. Kromer, J. Van 
der Plicht, (1992): The IAEA 14C intercomparison exercise. Radiocarbon 34 (3), 506-
519. 

[5] Östlund, G., M. Scott, C.B. Taylor (1995): Fifth IAEA intercomparison of low-level 
tritium measurements in water. Report, IAEA, Vienna, 1995, 31 pp. 

[6] Gröning, M., C.B. Taylor, G. Winckler, R. Auer, H. Tatzber (2001): Sixth IAEA 
intercomparison of low-level tritium measurements in water (TRIC2000). IAEA Report, 
October 2001, Vienna, 59 pp. 

[7] Coplen, T.B., P. De Bièvre, H.R. Krouse, R.D. Vocke, M. Gröning, K. Rozanski: Ratios 
for light-element isotopes standardised for better interlaboratory comparison. EOS, July 
2, 1996. 

[8] Gröning, M, M. van Duren, L. Andreescu, A. Tanweer, M. Jaklitsch, M. Gattin:  Quality 
assurance for stable isotope analysis of water samples by mass spectrometry.  
Accreditation and Quality Assurance, Springer, Berlin (in press). 

 

 

 

 



 

25 

APPENDIX I. LISTING OF RESULTS FOR ALL FOUR SAMPLES 

 
Table 6: Submitted δ18O results from all participating laboratories for samples OH-5 to OH-8 with standard uncertainties at the 1σ-level. Gray-

shaded values are regarded as outliers. Column ‘ID’ gives the assigned laboratory identification number for WICO2002; column ‘CA’ states 
in Yes/No modus, whether a calibration with VSMOW was performed along with WICO2002 measurements; ‘NS’ provides the number of 
laboratory water standards used for daily calibration; ‘AW’ shows the amount of water used for a single measurement; ‘ET’ provides the used 
equilibration time for the H2O/CO2 exchange reaction as used by nearly all laboratories. Other parameters provided by the laboratories are not 
listed in this report. 

 
     IAEA-OH-5 IAEA-OH-6 IAEA-OH-7 IAEA-OH-8  
ID CA NS AW ET δ18O 1σ[‰] δ18O 1σ[‰] δ18O 1σ[‰] δ18O 1σ[‰] Remarks 
Reference values -0.199 0.034 -4.159 0.028 -10.646 0.032 -16.204 0.036  
1 Y 2 3 8 -0.04 0.08 -3.94 0.08 -10.57 0.08 -16.18 0.08  
2 N 2 2 5 -0.23 0.09 -4.21 0.09 -10.80 0.09 -16.44 0.09  
3 N 2 2 2 -0.22 0.10 -4.10 0.10 -10.68 0.10 -16.23 0.10  
4 Y 2 5 5 -0.28 0.09 -4.22 0.09 -10.77 0.09 -16.29 0.09  
5 N 4 1.5 2 -0.27 0.08 -4.15 0.08 -10.63 0.08 -16.12 0.08  
6 N 2 0.5 24 -0.27 0.08 -4.23 0.08 -10.71 0.08 -16.31 0.08  
7 Y 1  12 -0.23 0.07 -4.20 0.12 -10.65 0.10 -16.06 0.06  
8 Y 1 4 4 -0.286 0.049 -4.199 0.079 -10.664 0.038 -16.201 0.061  
9 Y 8 1 18 -0.64 0.2 -4.50 0.2 -10.81 0.2 -16.24 0.2 See revised data in Table 8 
10A N 4 3 5 -0.18 0.05 -4.13 0.05 -10.64 0.05 -16.19 0.05  
10B N 4 3 4 -0.20 0.05 -4.15 0.05 -10.64 0.05 -16.2 0.05  
12 Y 3 4 6 -0.22 0.02 -4.16 0.02 -10.65 0.02 -16.20 0.02  
13 N 3 1 12 0.43 0.2 -3.52 0.2 -10.28 0.2 -16.12 0.2  
15 N 2 2 6 -0.30 0.03 -4.31 0.07 -10.67 0.06 -16.54 0.13  
16 Y 1 5 5 -0.24 0.03 -4.19 0.03 -10.68 0.03 -16.24 0.03  
17A N 2 5 5 -0.20 0.05 -4.17 0.05 -10.66 0.05 -16.20 0.05  
17B N 2  0.01 -0.14 0.1 -4.12 0.1 -11.35 0.1 -16.23 0.1  
18 Y 2 5 3 -0.158 0.05 -4.122 0.05 -10.572 0.07 -16.112 0.10  
19 Y 4 5  -0.18 0.10 -4.21 0.08 -10.71 0.09 -16.21 0.08  
20 N 2 5 36 -0.08 0.15 -4.37 0.15 -10.71 0.15 -16.38 0.15 See revised data in Table 8 
21 Y 5 2 8 -0.2 0.06 -4.2 0.06 -10.8 0.06 -16.3 0.06  
22 Y 1 3 6 -0.22 0.06 -4.10 0.07 -10.66 0.09 -16.19 0.08  
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     IAEA-OH-5 IAEA-OH-6 IAEA-OH-7 IAEA-OH-8  
ID CA NS AW ET δ18O 1σ[‰] δ18O 1σ[‰] δ18O 1σ[‰] δ18O 1σ[‰] Remarks 
Reference values -0.199 0.034 -4.159 0.028 -10.646 0.032 -16.204 0.036  
23 N 2 5 11 -0.21 0.2 -4.14 0.2 -10.68 0.2 -16.21 0.2  
24 Y 6 4 6.5 -0.20 0.05 -4.14 0.06 -10.64 0.04 -16.19 0.03  
25 N 2 3 7 -0.20 0.02 -4.17 0.02 -10.65 0.02 -16.2 0.02  
26 N 2 3 4 -0.08 0.2 -4.00 0.2 -10.60 0.2 -16.25 0.2  
27 Y 6 1.5 ~12 -0.27 0.1 -4.26 0.1 -10.75 0.1 -16.31 0.1  
28 Y    26 -0.45 0.05 -4.44 0.04 -11.00 0.07 -16.66 0.05  
29 Y 1 1.5 12 -0.16 0.10 -4.12 0.10 -10.59 0.15 -16.15 0.15  
30 Y   0.00001  -0.28 0.25 -3.94 0.24 -10.74 0.24 -16.27 0.23  
31 Y 3 0.5 48 -0.43 0.09 -4.31 0.06 -10.78 0.05      
32A N 1 0.001  -0.51 0.1 -4.43 0.1 -11.03 0.1 -16.63 0.15  
33 N 1 3 5 -0.15 0.06 -4.15 0.03 -10.60 0.02 -16.16 0.03  
34 N 2 2 6 -0.22 0.07 -4.18 0.07 -10.69 0.07 -16.25 0.07  
35 N 3 2 10 -0.41 0.10 -4.37 0.10 -10.84 0.10 -16.39 0.10  
36 Y 3  >24 -0.1 0.1 -4.1 0.2 -10.7 0.2 -16.3 0.2  
37 Y 1 3 18-20 -0.503 0.05 -4.457 0.05 -10.960 0.05 -16.526 0.05 See revised data in Table 8 
38 Y 2 1 9 -0.26 0.05 -4.22 0.05 -10.71 0.05 -16.27 0.05  
39 N 3 4 6 -1.05 0.09 -4.66 0.05 -10.59 0.05 -15.64 0.07 See revised data in Table 8 
40 Y 1 0.5 17 -0.169 0.030 -4.104 0.014 -10.612 0.010 -16.208 0.011  
41 Y 2 3 4 -0.17 0.1 -4.15 0.1 -10.65 0.1 -16.21 0.1  
43 N/Y 1 5 24 -0.29 0.09 -4.45 0.09 -10.92 0.09 -16.45 0.09  
44 Y   3 10 -0.19 0.04 -4.17 0.04 -10.68 0.04 -16.29 0.04  
45 N 2 0.001  -0.26 0.19 -4.22 0.19 -10.92 0.19 -16.45 0.19  
46 Y   5  -0.08 0.07 -4.12 0.07 -10.85 0.07 -16.43 0.07  
47 Y 1 2 24 -0.21 0.15 -4.2 0.15 -10.78 0.15 -16.34 0.15  
48 Y 1 2 12 -0.42 0.09 -4.17 0.09 -10.52 0.08 -16.05 0.08  
49 Y 1 4 6 -0.24 0.04 -4.18 0.03 -10.67 0.04 -16.21 0.02  
50 Y 4   -0.2 0.1 -4.2 0.1 -10.7 0.1 -16.2 0.1  
51 N 5 2  -0.18 0.06 -4.20 0.05 -10.73 0.05 -16.20 0.06  
53 N 2 1 8 -0.21 0.05 -4.16 0.05 -10.63 0.05 -16.20 0.05  
54 Y 1 2 2.5 -0.22 0.02 -4.18 0.02 -10.67 0.02 -16.21 0.01  
55 N 2 0.4 24 -0.24 0.20 -4.28 0.20 -10.67 0.20 -16.31 0.20  
56 N   0.2 12 -0.17 0.2 -4.18 0.2 -11.29 0.2 -17.04 0.2 See revised data in Table 8 
57 N 4 3 12 -0.27 0.07 -4.21 0.07 -10.73 0.08 -16.26 0.1  
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     IAEA-OH-5 IAEA-OH-6 IAEA-OH-7 IAEA-OH-8  
ID CA NS AW ET δ18O 1σ[‰] δ18O 1σ[‰] δ18O 1σ[‰] δ18O 1σ[‰] Remarks 
Reference values -0.199 0.034 -4.159 0.028 -10.646 0.032 -16.204 0.036  
58  3 3 4 -0.19 0.08 -4.17 0.08 -10.66 0.08 -16.20 0.08  
59 N 2 4 6 -0.27 0.02 -4.19 0.02 -10.69 0.02 -16.22 0.02  
60 N 3 0.5 12 -0.26 0.15 -4.26 0.15 -10.64 0.15 -16.4 0.15  
63 N   0.2 8 -0.4443 0.37 -4.4106 0.37 -11.05 0.37 -16.582 0.37  
64 N 4 2 10 -0.23 0.03 -4.18 0.03 -10.71 0.03 -16.25 0.03  
65 N 2 1 >10 -0.17 0.03 -4.11 0.02 -10.63 0.03 -16.18 0.03  
66 Y/N 1 5 4 0.07 0.2 -3.83 0.2 -10.48 0.3 -15.95 0.2  
69 N 3 1 9 -0.25 0.04 -4.20 0.04 -10.73 0.04 -16.28 0.04  
70 N 6 5 5 -0.23 0.01 -4.17 0.03 -10.69 0.02 -16.22 0.01  
71 N 2 2 7 -0.23 0.1 -4.19 0.1 -10.68 0.1 -16.21 0.1  
72 N 2   -0.28 0.06 -4.24 0.06 -10.83 0.11 -16.33 0.08  
74 Y 1 0.5 24 -0.68 0.15 -4.64 0.15 -11.13 0.15 -16.66 0.15 See revised data in Table 8 
75 Y   3 >4 -0.69 0.15 -4.56 0.15 -10.97 0.15 -16.73 0.15  
76 N 2 5  -0.21 0.1 -4.14 0.1 -10.68 0.1 -16.21 0.1  
77    5 8 -0.17 0.2 -4.12 0.2 -10.57 0.2 -16.13 0.2  
78A Y 2   -0.44 0.15 -4.31 0.15 -10.77 0.15 -16.08 0.15  
79 Y 1 3 ~12 -0.10 0.05 -4.14 0.05 -10.70 0.03 -16.16 0.04  
80   1 2 4 -0.64 0.2 -4.49 0.2 -10.85 0.3 -16.16 0.2  
81 Y 5 1 24 -0.24 0.05 -4.17 0.05 -10.65 0.05 -16.16 0.05  
82 Y    24 -4.0358 0.0981 -7.948 0.0641 -14.355 0.0947 -19.981 0.1047  
83 N    12 -0.2 0.2 -4.1 0.2 -10.3 0.2 -16.2 0.2  
86 N 5 3 8 -0.42 0.03 -4.41 0.03 -10.88 0.03 -16.49 0.03  
87 N 4 2 8 -0.47 0.08 -4.34 0.09 -10.76 0.08 -16.27 0.04  
89 Y 4 3 3.5 -0.35 0.03 -4.29 0.07 -10.76 0.05 -16.38 0.06  
90 Y 3 5 9 -0.17 0.02 -4.15 0.02 -10.68 0.02 -16.26 0.02  
91 N 2 3 15 -0.29 0.12 -4.34 0.12 -10.76 0.12 -16.31 0.12  
92 Y 1 0.3 7 -0.181 0.04 -4.104 0.04 -10.556 0.04 -16.045 0.04  
94 N 2   -0.12 0.04 -4.15 0.06 -10.70 0.06 -16.28 0.08  
95 Y   2 4 -0.71 0.12 -4.60 0.09 -10.56 0.37 -15.45 0.18  
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Table 7: Submitted δ2H results from all participating laboratories for samples OH-5 to OH-8 with standard uncertainties at the 1σ-level. Gray-
shaded values are regarded as outliers. Column ‘ID’ gives the assigned laboratory identification number for WICO2002; column ‘CA’ states 
in Yes/No modus, whether a calibration with VSMOW was performed along with WICO2002 measurements; ‘Method’ provided the 
indication of the sample preparation: e.g. reduction methods (U for uranium, Zn for Zinc, Cr for Chromium), pyrolysis (Pyro), equilibration of 
H2 gas with Pt-catalyst (H2-eq, Fast-eq);  the column ‘NS’ provides the number of laboratory water standards used for daily calibration; ‘AW’ 
shows the amount of water used for a single measurement. Other parameters provided by the laboratories are not listed in this report. 

 
     IAEA-OH-5 IAEA-OH-6 IAEA-OH-7 IAEA-OH-8  
ID CA Method NS AW δ2H 1σ[‰] δ2H 1σ[‰] δ2H 1σ[‰] δ2H 1σ[‰] Remarks 
Reference values -1.73 0.59 -38.65 0.42 -77.63 0.58 -121.52 0.45  
1 Y Cr 2 0.001 -1.7 0.9 -38.3 0.9 -76.8 0.9 -121.1 0.9  
2 N Zn 2 0.002 -2.5 0.9 -39.8 0.9 -77.8 0.9 -122.6 0.9  
3 N H2-eq 2 2 -2.1 1.0 -39.4 1.0 -77.9 1.0 -122.7 1.0  
4 Y Zn 2 0.003 -1.6 1 -38.2 1 -77.4 1 -121.5 1  
5 N H2-eq 4 1.5 -5.6 1.3 -35.6 1.3 -76.7 1.3 -114.5 1.3  
7 Y H2-eq 1  -2.22 1.34 -37.60 1.48 -74.23 1.02 -118.49 1.10  
8 Y Cr 1 0.001 -1.70 0.45 -37.32 0.53 -77.20 0.27 -121.00 0.56  
9 Y Cr 8 0.0003 -0.98 0.80 -37.23 0.80 -76.49 0.80 -121.12 0.80  
10A N H2-eq 4 3 -2.3 0.7 -39.4 0.7 -78.2 0.7 -122.3 0.  
10B N Zn 4 0.008 -1.7 0.9 -38.8 0.7 -77.6 0.7 -121.8 0.  
12 Y Cr 3 0.0018 -1.8 0.5 -38.5 0.5 -77.5 0.5 -121.5 0.5  
13 N Cr 3 0.005 -3.4 1.5 -39.4 1.5 -77.6 1.5 -122.0 1.5  
15 N   2 2 -1.7 0.4 -38.8 0.6 -79.1 0.7 -122.3 0.7  
16 Y Cr 1 0.001 -3.1 0.61 -40.1 0.61 -78.5 0.61 -122.5 0.61  
17A N Cr 2 0.0005 -1.80 0.5 -38.32 0.5 -77.33 0.5 -121.26 0.5  
17B N Fast-eq 2  -1.73 1 -38.98 1 -78.55 1 -121.69 1  
19 Y Zn 4 0.008 -2.13 0.74 -39.18 0.43 -77.92 0.69 -122.78 0.68  
20 N Zn 2 0.001 -6.5 1.5 -44.6 1.5 -78.6 1.5 -117.8 1.5 See revised data in Table 8 
21 Y Zn 5 0.003 -1 1.5 -38 1.5 -79 1.5 -121 1.5  
22 Y Zn 1 0.01 -2.1 0.5 -38.8 0.7 -77.3 0.7 -120.7 1.5  
23 N Cr 2 0.001 -2.5 1 -39.3 1 -78.7 1 -123.4 1  
24 Y H2-eq 6 4 -1.6 0.5 -38.4 0.4 -77.6 0.4 -121.4 0.5  
25 N H2-eq 2 3 -3.6 0.4 -40.0 0.4 -77.9 0.4 -120.9 0.4  
26 N H2-eq 2 3 -3.7 2 -39.1 1 -77.7 1 -122.2 1  
27 Y Zn 6 0.002 -1.8 2 -39.0 2 -77.9 2 -122.0 2  
28 Y Cr    -1.6 0.2 -42.2 0.3 -79.4 0.2 -125.3 0.5  
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     IAEA-OH-5 IAEA-OH-6 IAEA-OH-7 IAEA-OH-8  
ID CA Method NS AW δ2H 1σ[‰] δ2H 1σ[‰] δ2H 1σ[‰] δ2H 1σ[‰] Remarks 
Reference values -1.73 0.59 -38.65 0.42 -77.63 0.58 -121.52 0.45  
29 Y Zn 1 0.006 0.33 2.00 -35.40 2.00 -74.07 2.50 -116.02 3.00  
31 Y H2-eq 3 0.5 1.4 1.64 -41.2 2.29 -78.2 2.19      
32A N Pyro 1 0.001 -4.66 1.0 -40.30 1.0 -79.30 1.0 -122.96 1.0  
32B N Cr 1 0.0012 -4.90 1.0 -40.99 1.0 -78.98 1.0 -121.67 1.6  
33 N Zn 1 0.008 -1.8 1.1 -38.1 0.9 -77.3 0.8 -121.6 0.9  
34 N Zn 2 0.004 -1.6 0.9 -39.2 0.9 -78.2 0.9 -122.1 0.9  
35 N H2-eq 3 2 -1.3 0.8 -38.4 0.8 -77.5 0.8 -121.6 0.8  
36 Y Cr 3  0 1 -38 1 -79 1 -122 1  
37 Y Zn 1 0.003 -2.076 0.7 -38.602 0.7 -77.096 0.7 -120.39 0.7  
38 Y H2-eq 2 1 -1.3 1.0 -38.4 1.0 -77.4 1.0 -121.5 1.0  
39 N H2-eq 3 4 -1.5 2.0 -38.3 1.5 -77.5 1.5 -121.2 1.5  
40 Y Cr 1 0.012 -0.756 0.090 -37.961 0.112 -77.101 0.290 -121.70 0.754  
41 Y H2-eq 2 3 -1.3 1.0 -38.2 1.0 -77.5 1.0 -120.2 1.0  
43 N/Y Zn 1 0.002 -2.18 0.8 -39.97 0.8 -79.59 0.8 -123.23 0.8  
45 N Pyro 2 0.001 -4.6 1.1 -39 1.1 -78.9 1.1 -123.4 1.1  
47 Y Zn 1 0.008 -6.5 1.5 -45.2 1.5 -84 1.5 -124.9 2  
48 Y H2-eq 1 2 -2.48 0.62 -38.16 0.69 -77.30 0.79 -121.08 0.56  
49 Y H2-eq 1 4 1.56 0.61 -37.58 0.43 -77.96 1.14 -124.98 0.53  
50 Y Cr 4  -2 1 -39 1 -78 1 -122 1  
51 N U 5  -2.0 0.5 -38.7 0.5 -77.0 0.5 -121.8 0.5  
53 N H2-eq 2 1 -0.1 0.5 -38.1 0.6 -76.7 0.7 -121.5 0.8  
54 Y Zn 1 0.01 0.0 0.4 -37.3 0.3 -76.6 0.2 -120.9 0.2  
55 N H2-eq 2 0.4 0.73 3.00 -36.66 3.00 -75.92 3.00 -121.05 3.00  
56 N H2-eq   0.2 0.37 1.22 -42.39 1.22 -78.38 1.22 -124.93 1.22 See revised data in Table 8 
57 N Zn 4 0.01 -1.3 1.0 -38.6 1.1 -77.7 1.2 -122.2 1.3  
58  H2-eq 3 3 -2.27 0.8 -38.97 0.8 -77.94 0.8 -122.79 0.8  
59 N H2-eq 2 4 -3.19 0.63 -40.01 0.63 -78.16 0.63 -122.49 0.63  
60 N Cr 3 0.0003 -1.05 1.0 -38.36 1.0 -77.41 1.0 -122.53 1.0  
64 N H2-eq 4 2.5 -3.9 1.0 -40.5 1.0 -79.1 1.0 -122.6 1.0  
65 N H2-eq 2 1 -1.98 0.32 -39.05 0.21 -77.63 0.22 -121.44 0.13  
66 Y/N Zn 1 0.008 0.0 1.5 -38.8 1.5 -77.1 1.5 -124.3 1.5  
69 N H2-eq 3 1 -1.3 0.5 -38.6 0.5 -77.3 0.5 -121.5 0.5  
70 N U 6 0.01 -0.8 0.7 -38.0 0.5 -77.1 0.7 -121.9 0.7  
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     IAEA-OH-5 IAEA-OH-6 IAEA-OH-7 IAEA-OH-8  
ID CA Method NS AW δ2H 1σ[‰] δ2H 1σ[‰] δ2H 1σ[‰] δ2H 1σ[‰] Remarks 
Reference values -1.73 0.59 -38.65 0.42 -77.63 0.58 -121.52 0.45  
71 N H2-eq 2 2 -0.5 1 -37.8 1 -76.9 1 -121.7 1  
72 N Zn 2 0.003 -3.2 0.4 -40.6 0.6 -80.4 0.6 -125.0 0.6 See revised data in Table 8 
74 Y Zn 1 0.005 -6.8 1.0 -42.4 1 -80.2 1 -124.2 1 See revised data in Table 8 
76 N Cr 2 0.001 -1.17 1.0 -38.34 1.0 -77.4 1.0 -121.82 1.0  
78A Y H2-eq 2  -1.6 1.0 -38.6 1.0 -76.5 1.0 -120.7 1.0  
78B Y U 2  -1.1 0.7 -38.5 0.7 -76.8 0.7 -120.7 0.7  
79 Y Cr 1 0.001 -2.2 0.7 -38.2 1.1 -79.5 0.7 -123.0 0.7  
80   Cr 1  -5.9 1.6 -44.6 1.8 -86.5 1.7 -132.1 2.0  
81 Y U 5 0.01 -3.3 0.6 -39.7 0.6 -79.3 0.7 -121.4 1  
86 N H2-eq /Zn 5 3 -4.5 1.8 -41.3 1.8 -79.8 1.8 -124.1 1.8  
89 Y Zn 4 0.006 -2.46 0.25 -38.87 0.38 -78.12 0.22 -123.12 0.31  
90 Y H2-eq 3 5 -1.8 0.7 -39.1 0.7 -78.1 0.7 -121.9 0.7  
91 N Zn 2 0.01 -1.5 1.2 -38.1 1.2 -77.3 1.2 -121.6 1.2  
94 N H2-eq 2  -1.22 0.54 -37.98 0.77 -77.03 0.93 -122.74 0.54  
95 Y Zn   0.004 -6.3 1.2 -40.8 1.5 -81.2 2.7 -129.7 1.3  
 

 

Table 8: Values re-submitted after the reporting deadline after notification of possible problems. These datasets were not used for the statistical 
evaluation and graphical display of results.  

 
 OH-5 OH-6 OH-7 OH-8 OH-5 OH-6 OH-7 OH-8  
ID δ18O δ18O δ18O δ18O δ2H δ2H δ2H δ2H Remarks 
09 -0.46 -4.5 -11.07 -16.74 -0.98 -37.23 -76.49 -121.12  
20 -0.67 -5.07 -11.28 -16.98 -5.1 -45.2 -78.8 -119.3  
37 -0.25 -4.204 -10.707 -16.273 -2.076 -38.602 -77.096 -120.394 Improvement 
39 -0.12 -4.15 -10.75 -16.39 -1.5 -38.3 -77.5 -121.2 Improvement 
56 -0.28 -4.22 -10.64 -16.47 0.42 -38.89 -75.29 -126.73  
72 -0.28 -4.24 -10.83 -16.33 -1.7 -38.6 -77.5 -121.5 Improvement 
74 -0.35 -4.38 -10.79 -16.45 -0.9 -38.1 -76.9 -122.2 Improvement 
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APPENDIX III. WICO2002 ANNOUNCEMENT 

 

Announcement of WICO 2002, IAEA Water Isotope Interlaboratory Comparison 

 
The Isotope Hydrology Laboratory of the International Atomic Energy Agency is organising 
the third interlaboratory comparison for laboratories engaged in stable isotope analyses of 
water samples. The exercise is part of the IAEA activities to promote quality assurance and to 
improve the reliability and comparability of stable isotope measurements. It is also supporting 
the ongoing programme of strengthening the operation of the Global Network for Isotopes in 
Precipitation (GNIP). Those interested to learn more about GNIP may wish to visit the GNIP 
Home Page (http://isohis.iaea.org).  
 
The Water Isotope Interlaboratory Comparison 2002, WICO 2002, consists of two parts. 

 

Part I – Water samples: 

Four water samples (50 ml in glass bottles), covering the range of δ18O and δ2H values 
typically observed in precipitation, will be sent out to all participating laboratories, together 
with the reporting sheets, by beginning of July. It is requested to report the evaluated isotopic 
mean values and in addition the results of ten individual analyses for δ18O and δ2H for each 
water sample. The results will be evaluated at the IAEA and each laboratory will receive the 
report summarising the exercise. The participating laboratories will remain anonymous. This 
part of the exercise is limited to 120 participants. 

 
Part II – Soil water samples: 

In addition, laboratories engaged routinely in soil water analysis are invited to participate in 
an intercomparison of soil water extraction techniques and extraction parameters. Two 
samples of the same soil (clayey soil) will be prepared and carefully equilibrated with water 
of different known isotopic composition. The exercise is dedicated to establish means for 
internal checks of the suitability of extraction parameters (time and temperature) used in 
laboratories. It will first be verified that the isotopic signature of the added water can be 
reproduced by extraction at the IAEA. The used extraction parameters (time, temperature) for 
the IAEA vacuum distillation will be communicated. Laboratories are asked to split the two 
soil samples each into two portions and extract one sub-sample using their established routine 
procedure, and if possible, extract the other sub-sample using the parameters proposed by 
IAEA. All four results should be submitted using an additional special reporting sheet. Since 
the quantity of processed soil will be limited, only 20 laboratories may participate in this part 
of the exercise. Therefore, it is urged that only laboratories should participate, which have soil 
extraction lines established and are confident to meet the deadline for data reporting. The 
results will be evaluated at the IAEA and each laboratory will receive the report summarising 
the exercise. The participating laboratories will remain anonymous. 
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Deadlines: 
Registration is possible until 28 June 2002 
Shipment of the samples: 5 July 2002 
Deadline of data reporting: 30 September 2002.  
Results received after the deadline will not be considered in the evaluation. 
Report submission: end of January 2003 
 

Registration: 

MANDATORY: in order to ensure a proper evaluation of the results, all interested 
laboratories are requested to provide information on the isotopic composition of their used 
internal laboratory standards. 
 
We can only accept participants who provide the following information together with the 
registration. 
 
1. δ18O and δ2H values [o/oo vs VSMOW] and assigned uncertainty of used internal 
 laboratory standards  (water) 
 
2. isotopic values of used working standards [‰ vs. VSMOW] (CO2/H2 gases) 
 
3. standard uncertainty [o/oo vs VSMOW] assigned to routine analysis in the laboratory
 (“laboratory precision”) 
 
Those willing to join the exercise should confirm their participation sending the following 
information to the Head of Isotope Hydrology Laboratory with the subject field “WICO 
2002”: M.Gröning, Isotope Hydrology Laboratory, International Atomic Energy Agency, 
P.O. Box 100, Wagramerstrasse 5, A-1400 Vienna, Austria; fax:43-1-26007; e-mail: 
isotope.hydrology.lab@iaea.org (submission by email strongly encouraged): 

a.) the mandatory information as stated above under 1. to 3.; 
 
b) the complete postal address of the participating institution with name of the investigator; 
 
c) e-mail and fax number; 
 
d)-if different from above- the address for shipment of the samples incl. phone number 
 

Manfred Gröning 
Isotope Hydrology Laboratory 
International Atomic Energy Agency 
Wagramerstrasse 5, P.O. Box 100 
A-1400 Vienna 
AUSTRIA 

Tel: +43-1-2600-21740 
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APPENDIX IV. LABORATORY REPORTING SHEET 

3rd IAEA INTERLABORATORY COMPARISON 
FOR  STABLE ISOTOPE ANALYSES OF WATER 

 
Part I 

 
Lab ID No.:                    
identical to the no. on the sample 
bottles 

   REPORTING SHEET– WATER SAMPLES 
 

Participating 
Laboratory: 
 
 

SAMPLE PREPARATION DATA* 
Sample preparation technique (18O) + Mass Spectrometer used: 
 
 
 
Sample preparation technique (2H) + Mass Spectrometer used: 
 
 
 
*) describe briefly the method employed for sample preparation, including water amount used (e.g. “zinc 
reduction for 2H, 8 µl, 30 min. at 500 OC”  and “CO2 equilibration for 18O, 3 ml, 4 hours at 25 OC” ) and the mass 
spectrometer (model type, 2 or 3 Faraday-cup-system) . 
 

NORMALIZATION DATA** 
Normalization procedure for 2H:  
 
 
Date of last calibration using VSMOW/SLAP/GISP: 
Normalization procedure for 18O: 
 
 
Date of last calibration using VSMOW/SLAP/GISP: 
**) describe briefly the procedure adopted in your laboratory to normalize the measured δ2H and δ18O values to 
the VSMOW-SLAP scale. 
 

FINAL RESULTS 
SAMPLE δ18OVSMOW/SLAP 

[o/oo] 
Standard 
uncertainty# 
(one sigma) 

Number of 
indiv. 
analyses 
n(m)## 

δ2HVSMOW/SLA

P 
[o/oo] 

Standard 
uncertainty# 
(one sigma) 

Number of 
indiv. 
analyses 
n(m)## 

IAEA-OH-5 
 

      

IAEA-OH-6 
 

      

IAEA-OH-7 
 

      

IAEA-OH-8 
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Please note the remarks on Standard Uncertainty (#) and Number of Analyses (##)  overleaf before completing 
the form ! 
#) Standard Uncertainty in table ‘Final Results’: One can use the standard deviation from individual 
results of a laboratory water standard over a reasonable long period of time (e.g. two months, or more 
than 50 individual results) as a good approximation for the standard uncertainty in a laboratory. The 
standard uncertainty will often depend on the isotopic composition of the samples and may be larger 
for more negative δ-values. 
 
##) Number of Analyses in table ‘Final Results’: Please state the number analyses n used for 
calculation of the mean and the number of analyses rejected internally m in brackets, e.g. 9(1) means 
total of ten analyses performed, nine taken to calculate mean values, one result rejected internally. 
 

EVALUATION OF UNCERTAINTY COMPONENTS# 
a)  by longterm standard deviation of laboratory water standards. 
b)  by other means (e.g. assessment of individual uncertainty components), please specify the used 
method: 
 
 
 
 

INDIVIDUAL ANALYSES 
 δ18OVSMOW/SLAP [‰], individual determinations δ2HVSMOW/SLAP [‰], individual determinations 
 IAEA- 

OH-5 
IAEA- 
OH-6 

IAEA- 
OH-7 

IAEA- 
OH-8 

IAEA- 
OH-5 

IAEA- 
OH-6 

IAEA- 
OH-7 

IAEA- 
OH-8 

1.         
2.         
3.         
4.         
5.         
6.         
7.         
8.         
9.         
10.         
add 
more 

        

 
 
 
 
Laboratory Manager................................ 
 
                         Date:............................... 
 
 
Please send this reporting sheet as electronic version to: 
 
Manfred Gröning 
Head, Isotope Hydrology Laboratory 
International Atomic Energy Agency 
P.O.Box 100   A-1400 Vienna   AUSTRIA 
Phone: +43-1-2600-21740/21766 Fax: +43-1-2600-7 
e-mail (SMTP) : isotope.hydrology.lab@iaea.org 


