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1. INTRODUCTION

The IAEA Isotope Hydrology Laboratory organized the fourth interlaboratory comparison
exercise for laboratories engaged in routine analysis of hydrogen and oxygen stable isotope
composition of water samples in 2011. Three similar exercises were carried out in 1995 [1], in
1999 [2] and in 2002 [3]. However, the tradition of IAEA water stable isotope inter-laboratory
comparison is much older. Two interlaboratory comparison trials for isotope hydrology
laboratories were carried out in the sixties and seventies, which revealed problems with use of
the NBS-1 international standard; these data were used to calibrate the newly produced
primary reference materials VSMOW and SLAP.

The WICO2011 exercise was announced in February 2011 on the internet, via the
ISOGEOCHEM news group of Isogeochemistry [4] and by email to all participants of the
former intercomparisons.

Altogether 174 laboratories showed interest to participate in the exercise. Four water samples
prepared and calibrated at the IAEA Isotope Hydrology Laboratory were labelled IAEA-OH-
13 to IAEA-OH-16, which are referred to in this report as OH-13 to OH-16. By the end of the
reporting deadline (the end of August 2011) altogether 137 laboratories from 53 countries had
submitted 172 datasets back to the IAEA on the oxygen and hydrogen isotopic composition of
these water samples.

The four water samples cover the range of 5'°0 and 8°H values typical for the majority of
natural waters. The samples were bottled from 30 L stainless steel storage barrels into 30 mL
securely-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 (assigned randomly)
forms the Identification (ID) code used throughout the exercise and in the tables and graphs of
this report for each laboratory. The ID code is not related to the order of the list of
participating laboratories. The identity of participating laboratories will not be revealed unless
each laboratory explicitly agrees to do so.

2. SAMPLE PREPARATION AND REFERENCE VALUES

Waters collected from different areas were used to prepare four water samples for this
intercomparison exercise. A brief description of these waters is provided below.

OH-13: Lake water from the shoreline of the lake Neusiedl, a shallow endorheic basin near
Vienna, Austria. Fifty litres were filtered with a 5 um filter and subsequently distilled using a
Barnstead MP6A laboratory distiller.

OH-14: Commercially bottled water from the Moree wells in the great artesian basin in
Australia. The water was not filtered or distilled.

OH-15: Commercially bottled water from the Libyan Al-Kufra region in the Nubian
Sandstone Aquifer. The water was not filtered or distilled.

OH-16: Melted alpine snow sampled in the Salzburg region of the Austrian Alps at 2000
m.a.s.l. The water was not filtered or distilled.

The physical properties of these waters can be seen in Table 1.



TABLE 1. Physical properties of water samples used for intercomparison exercise

Name pH Conduct. pS/cm Visual Odour
OH-13 45 2 clear no
OH-14 7.0 900 clear no
OH-15 55 450 clear no
OH-16 45 24 clear no

After preparation, all four samples were stored in airtight 30 L stainless steel drums under
slight argon overpressure. The containers are equipped with a special water extraction system
allowing samples to be drawn without exposition to atmospheric air, thus avoiding any risk of
evaporation/contamination. A detailed description of the system is available at http://www-
naweb.iaea.org/napc/ih/index.html.

The water was distributed in 30 mL brown glass bottles, using an adapted Brand® bottle-top
dispenser and a concentric double-pipe nozzle, flushed with argon gas. Bottles were capped
securely and labelled with a sample name and filling sequence number.

The four water samples were analyzed for §**0 and §°H at the Isotope Hydrology Laboratory
by a dual inlet isotope ratio mass spectrometer (Finnigan Delta plus) equipped with a 48-port
equilibration unit (for 'O and §°H), and four laser based liquid water isotope analyzers
(LWIA), three LGR and one Picarro. The mean isotopic values determined by mass
spectrometer along with associated standard uncertainties u for a single measurement at the
lo-level (Table 2) were sent to the participating laboratories initially as reference values. 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 2. Isotope values for the four WICO2011 water samples as determined at the IAEA
Isotope Hydrology Laboratory. Standard uncertainty u for a single analysis is given at the 1o
level. The number of accepted values to derive the mean value is reported (the number of the
rejected values in brackets).

Sample 820 8°H
mean standard | number of mean standard | number of
value deviation values value deviation values
[%o] 1o [%o] [%o] 1o [%o]
OH-13 -0.96 0.04 24 -2.29 0.94 23 (1)
OH-14 -5.59 0.05 23 (1) -37.69 0.82 20 (4)
OH-15 -9.37 0.04 23 (1) -78.01 0.77 20 (4)
OH-16 -15.41 0.04 24 -113.81 0.94 21 (3)

Later on, it was decided not to consider our results as reference values. Instead, the reference
values were calculated from the results of the 12 laboratories whose performance was the best
in the last intercomparison exercise, WIC02002, having cumulative deviations for 50 and
8°H less than 0.2 %o and 2.0 %o, respectively. For this purpose, their results in the 2011


http://www-naweb.iaea.org/napc/ih/index.html.
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exercise were processed according to the statistical methods provided in the subsequent
section and the reference values are shown in Table 3.

TABLE 3. Isotope reference values for the four WICO2011 water samples as determined by
the twelve laboratories which had best performance in the WICO2002 exercise with
cumulative deviations for '°0 and 8°H of less than 0.2 %o and 2.0 %o, respectively.

Sample 80 8°H
mean standard number of mean standard number of
value deviation values value deviation values
[%0] 16 [%o] [%0] 1o [%o]
OH-13 -0.96 0.04 11 -2.84 0.60 12
OH-14 -5.60 0.05 12 -38.30 0.36 12
OH-15 -9.41 0.04 12 -78.26 0.38 11
OH-16 -15.43 0.04 12 -114.62 0.43 12

3. EVALUATION AND PRESENTATION OF THE REPORTED DATA

All the individual results of 5®0 and §°H submitted to the IAEA by the participating
laboratories are listed in APPENDIX I. The list of participating laboratories is presented in
APPENDIX Il. The WIC02011 announcement and the Laboratory Reporting Sheet used in
the exercise are presented in APPENDIX I11 and APPENDIX IV, respectively.

3.1. Statistical methods

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 50 and 5°H values for the analyzed four samples.

To reach this goal, a two-stage statistical treatment, adopted in previous IAEA interlaboratory
exercises of a similar nature [1-5], was applied to the entire population of submitted results.
All data evaluation and outlier determination were performed with commercial EXCEL
spreadsheet programme.

The two-stage statistical treatment:
In stage | of the statistical treatment, obvious outliers were discarded based on the frequency
distribution of values: after determination of the upper (Hy) and lower (H.) quartiles, as well
as the interquartile range (Hy-H.), values exceeding Hy + 3.0-(Hy-H.) and H -3.0-(Hy-Hy)
were discarded. The provisional mean compiled after stage | was further used for the
stage Il-outlier-rejection procedure.

In stage Il 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 two 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:

X, = i=1 i (1)

The estimated standard uncertainty of the mean (ese) was calculated according to the
following formula

ese(X )= ——2W ©
51
bH
where:
C (Xi_ W)2
% o 3
TwETT T

where n stands for the final number of results accepted after the second step of the data
evaluation procedure.

3.2. Presentation of the results

Before rejecting outliers using statistical methods, average of 5*0 and §°H values for the
samples, along with associated standard deviations at 1c-level and the total number of data
were determined, are provided in Table 4.

TABLE 4. Average isotope values as determined by all participating laboratories for the four
WICO02011 water samples.

Sample 80 8°H
mean standard number of mean standard number of
value deviation values value deviation values
[%0] 1o [%o] [%o] 1o [%o]
OH-13 -1.01 0.27 166 -2.85 1.59 159
OH-14 -5.62 0.26 167 -38.47 1.52 160
OH-15 -0.41 0.25 167 -78.49 1.39 160
OH-16 -15.46 0.28 167 -114.99 1.76 160




Long term laboratory uncertainties were provided by only 45 laboratories; therefore stage 11
evaluation was undertaken using: (a) standard deviations associated with present
measurements, (b) maximum of the measurement and long term standard deviations. In Table
5 the average values for the four samples are provided as evaluated from all data submitted by
participating laboratories using measurement standard deviations in the evaluation scheme
discussed in the previous section. The results obtained by using the measurement of
maximum and long term standard deviations are depicted in Table 6. Both the tables provide
the average values and associated standard deviations at 1c-level and the number of accepted
laboratory values (the number of rejected laboratory values is in brackets). In the first case,
some results with good accuracy were rejected in stage Il due to overestimated precision,
therefore Table 6 better represents the consensus values.

TABLE 5. Weighted average of accepted isotope values of all laboratories for the four
WICO2011 water samples on the basis of reported measurement uncertainty. In the column
‘number of values’, the number of rejected values is stated in addition in brackets.

Sample 50 8°H
mean standard number of mean standard number of
value deviation values value deviation values
[%o0] 16 [%o] (rejected) [%0] 1o [%o] (rejected)
OH-13 -0.98 0.11 125(41) -2.74 0.79 106(53)
OH-14 -5.59 0.10 128(39) -38.40 0.82 117(43)
OH-15 -9.39 0.11 122(45) -78.36 0.81 113(47)
OH-16 -15.45 0.11 123(44) -114.94 0.70 109(51)

TABLE 6. Weighted average of accepted isotope values of all laboratories for the four
WICO2011 water samples on the basis of maximum of stated and reported measurement
uncertainty. In the column ‘number of values’, the number of rejected values is stated in

addition in brackets.

Sample 50 8°H
mean standard | number of mean standard | number of
value deviation values value deviation values
[%o] 1o [%o] (rejected) [%o] 1o [%o] (rejected)
OH-13 -0.97 0.12 140(26) -2.73 0.91 123(36)
OH-14 -5.59 0.11 139(28) -38.40 0.86 121(39)
OH-15 -9.39 0.13 132(35) -78.31 0.87 126(34)
OH-16 -15.44 0.13 139(28) -114.88 0.76 119(41)

The submitted laboratory mean values for 580 are listed in Table Alin APPENDIX I, with
columns listing first the assigned laboratory identification number (ID), and equipment used
(mass spectrometer, LGR laser analyzer, Picarro laser analyzer, and in the following columns
several laboratory parameters: the indication of a performed VSMOWY/SLAP calibration



along the WICO2011 analyses, the number of laboratory water standards used for daily
calibration and the amount of water and duration of the water/CO, equilibration. In the next
columns the submitted mean values with associated standard uncertainties at a 1o-level are
reported for samples OH-13 to OH-16. The grey shaded results were rejected in the statistical
evaluation and were not used to calculate the weighted averages. In the following four figures
(Figs 1 to 4) these data are displayed graphically as S-shape plots versus laboratory
identification numbers sorted by increasing numerical values with uncertainties provided here
at the 2c-level. Outliers having biases with respect to reference values greater than 2 times the
sum of the standard deviations associated with the individual results (maximum) and the
reference values at 1o-level are marked in the figures with open symbols. The reference value
and its standard uncertainty at 2c-level are indicated in each figure as horizontal lines.

Similarly the submitted 8°H results are listed in Table A2 in APPENDIX I, with columns
listing assigned laboratory identification number (ID), equipment used (mass spectrometer,
LGR laser analyzer, Picarro laser analyzer); and several laboratory parameters as the
indication of a performed VSMOWY/SLAP calibration, along with the WICO2011 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 1oc-level are reported for
samples OH-13 to OH-16. In Figs 5 to 8, these data are displayed graphically as S-shape plots
versus laboratory identification numbers sorted by increasing numerical values. Outliers as
defined above are marked in the figures with open symbols.

A large spread of uncertainties is visible in the Figs 1 to 8; 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, 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 5°H/5'°0 plots. These plots are quite
useful to visualize the spread of hydrogen and oxygen data provided for any given sample. In
Figs. 9 to 12, 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 a circle with associated uncertainty (1o-
level). The squared symbol marks the reference value and its uncertainty (see Table 2).
Several values could not be displayed in the plot at the chosen scales, but all the four plots
cover a similar range of 6-values (with a range of 1.2 %o and 12 %o each). It is worthwhile to
note that the average values for all laboratories are not much different from the reference
values. For OH-13 sample, only 80 is slightly biased, while for OH-16 sample, both §**0
and 5°H are slightly biased towards more negative d-values versus the reference values.
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FIG. 9. 9°H/5"0 plot of all reported laboratory mean values for the sample IAEA-OH-13. Not
all values could be displayed using the selected scale.
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FIG. 10. 5°H/5"0 plot of all reported laboratory mean values for the sample IAEA-OH-14. Not
all values could be displayed using the selected scale.
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FIG. 11. 5*H/5"0 plot of all reported laboratory mean values for the sample IAEA-OH-15. Not
all values could be displayed using the selected scale.
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FIG. 12. 5°H/5"0 plot of all reported laboratory mean values for the sample IAEA-OH-16. Not
all values could be displayed using the selected scale.
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3.3. Performance rating

In order to obtain information on relative performance of the participating laboratories, the
results were processed as they were in the last IAEA exercises [2, 3]. 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 not be strongly dependent on this range of 8-values, the four sample results can be
treated as providing independent tests for the accuracy of measurements in each laboratory. In
Fig. 13 the cumulative deviation from the reference value for all four 820 results is displayed
as a stack plot for each laboratory. A value equal to the reference value therefore has a value of
zero on a AS™0 scale (AS20=8"0a—5"Oreterence). The laboratories are sorted in order of
increasing absolute cumulative deviation. A similar approach was used for cumulative deviation
from the reference value for all four §°H measurements and is shown in Fig. 14.

Deviations of the reported values from the reference values were also compared with the
uncertainties to check the performance of a laboratory. As indicated above, most laboratories
did not provide long term uncertainties, therefore reported measurement uncertainties were used
in such cases. The cumulated deviation of 520 values from the reference values for all four
values is plotted in Fig. 15. The thick black line indicates the laboratory uncertainty estimate
(four times the standard uncertainty or sum of the measurement uncertainties for four samples).
Columns much higher than the black line indicate an underestimation of uncertainty for those
laboratories (deviations that are much larger than expected). On the other hand, columns being
lower than the black line indicate an excessively conservative approach in uncertainty
evaluation at a particular laboratory (real precision and accuracy better than assumed). A similar
plot for §°H measurements is provided in Fig. 16.

For overall of laboratory performance assessment of both §®0 and for §°H, laboratory
deviations as displayed in Fig. 15 and Fig. 16 were combined on the basis of their natural
correlation by the mean meteoric water line [3]. The absolute value of all sample deviations for
8°H was combined with similar data for 5°O, the latter data being multiplied by a factor of
eight to weigh the deviations at a similar level. The resulting numerical value for each
laboratory provides an indicator for laboratory deviation from reference values for the four
distributed samples. A smaller value can be interpreted as better corresponding to the reference
values. Those data are displayed in Fig. 17. Laboratories which only analyzed §'%0 or 8°H are
displayed separately at the right side of the plot. Such a performance indicator is somewhat
arbitrary, as it combines different and independent measurements performed outside of the
routine modus and provides only a snapshot of laboratory performance limited to the time
period when the measurements were actually performed. No extrapolation is possible to the past
and future based on the performance indicators presented here.

3.4. Comparison of performance with previous exercises

In order to compare the performance of the laboratories which participated in WIC02002
and/or WIC01999, cumulative deviations from the reference values for all four %0 and &°H
results are plotted in the form of bar charts (Figs. 18 and 19). Most of the laboratories have
improved their performance compared to the previous exercises.
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FIG. 13. Deviation of 520 results versus reference values for all four samples analyzed by each laboratory and sorted by increasing deviation.
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FIG. 14. Deviation of 6°H results versus reference values for all four samples analyzed by each laboratory and sorted by increasing deviation.
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FIG. 15. Comparison between reported 5°0 uncertainty and deviation from the reference value for laboratories. Columns much higher than the
black line indicate an underestimation of uncertainty (deviations much greater than expected). On the other hand, columns much lower than the
black line indicate an excessively conservative approach in uncertainty evaluation (real precision and accuracy better than assumed).
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FIG. 16. Comparison between reported 5°H uncertainty and deviation from the reference value for laboratories. Columns much higher than the

black line indicate an underestimation of uncertainty (deviations much greater than expected). On the other hand, columns much lower than the

black line indicate an excessively conservative approach in uncertainty evaluation (real precision and accuracy better than assumed).
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FIG. 17. Indicator for overall laboratory performance derived from both 0%H and 5*°0 data.
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4. COMPARISON OF RESULTS OF ANALYTICAL INSTRUMENTS

Results of three analytical instruments i.e. mass spectrometers, LGR laser-based water isotope
analyzers and Picarro laser-based water isotope analyzers were compared. Average values of
accepted results from WICO2011 samples determined by these instruments are provided in
Tables 7 to Table 9. Graphic comparisons of average 8'°0 and 5°H values of the four samples
determined from the results of these analyzers are shown in Fig. 20 and Fig. 21, respectively. It
Is noted that the average values for the three instruments are in very good agreement, being well
within lo-uncertainties. The average values are so close that their maximum standard
deviations at 1o-level for 50 and 5°H are 0.01%o and 0.1%o, respectively.

TABLE 7. Weighted average of accepted isotope values analyzed by mass spectrometers of the
four WICO2011 water samples on the basis of maximum stated and measurement uncertainty.
In the column ‘number of laboratories’, the number of rejected laboratories is additionally
stated in brackets.

Sample 50 &°H
Mean standard number of mean standard number of
value deviation | laboratories value deviation | laboratories
[%o] 16 [%o] (rejected) [%o] 16 [%o] (rejected)
OH-13 -0.98 0.10 75(15) -2.77 1.00 64(18)
OH-14 -5.60 0.10 72(18) -38.37 0.94 67(15)
OH-15 -9.39 0.13 72(18) -78.32 1.02 68(14)
OH-16 -15.44 0.13 71(19) -114.83 0.81 66(16)

TABLE 8. Weighted average of accepted isotope values analyzed by LGR laser spectroscopic
analyzers of the four WICO2011 water samples on the basis of maximum of stated and
measurement uncertainty. In the column ‘number of laboratories’, the number of rejected
laboratories is additionally stated in brackets.

Sample 3'°0 5°H
mean standard number of mean standard number of
value deviation laboratories value deviation laboratories
[%o] 16 [%o] (rejected) [%o] 16 [%o] (rejected)
OH-13 -0.97 0.18 34(7) -2.68 0.75 32(9)
OH-14 -5.61 0.14 35(7) -38.50 0.89 33(9)
OH-15 -9.41 0.13 33(9) -78.46 0.71 30(12)
OH-16 -15.46 0.15 35(7) -115.05 0.74 28(14)
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TABLE 9. Weighted average of accepted isotope values analyzed by Picarro laser spectroscopic
analyzers of the four WICO2011 water samples on the basis of maximum stated and
measurement uncertainty. In the column ‘number of laboratories’, the number of rejected

laboratories is additionally stated in brackets.

Sample 3'°0 &°H
mean standard number of mean standard number of
value deviation | laboratories value deviation | laboratories
[%o] 16 [%o] (rejected) [%o] 16 [%o] (rejected)
OH-13 -0.96 0.11 31(4) -2.73 0.84 27(9)
OH-14 -5.58 0.09 32(3) -38.40 0.47 21(15)
OH-15 -9.38 0.11 27(8) -78.31 0.50 28(8)
OH-16 -15.45 0.09 33(2) -114.89 0.62 25(11)
-18
-16 - @ Mass spectrometer 15.44 1546 -15.45
B LGR LWIA
-14 A O Picarro LWIA
-12 -
8 -10 - 030 b o3s
o
w0
OH-13 OH-14 OH-15 OH-16
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FIG. 20. Comparison of average 6'°0 values of four samples determined from the results of
mass spectrometers and laser-based water isotope analyzers.
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FIG. 21. Comparison of average 6°H values of four samples determined from the results of
mass spectrometers and laser-based water isotope analyzers.

5. BASIC QUALITY ASSURANCE ISSUES AND RECOMMENDATIONS
The following are the main quality assurance issues:

Unacceptably high errors: Of all the participating laboratories, 35% for 5'%0 and 39% for 8°H,
have considerable problems in achieving the precision and accuracy targets required for most
hydrological applications. Their cumulative biases for §'%0 and 8°H are greater than 0.4%o and
4%o, respectively.

Systematic errors: A general bias of reported results with respect to reference values exists
towards both positive and negative values for the set of all participating laboratories.
Inconsistencies in the results arise depending on the sample measurements carried out with
aliquots of VSMOW and SLAP (for direct calibration) or using internal laboratory water
standards calibrated earlier. Evaporated or contaminated standards result in systematic off-sets.
Most of the laboratories have either positive or negative deviations for all four samples which
cannot be attributed to random offsets in ?H or '*0 measurements alone. One possible
explanation for the shift towards more negative values could be slight evaporative enrichment
of the used internal laboratory standards with time after calibration against VSMOW.
Laboratory standards must be stored in proper containers with dispensing systems and slightly
positive inert gas pressure to avoid evaporation and contamination by atmospheric moisture.
Positive shifts could be due to evaporative enrichment of the primary standard (VSMOW), used
multiple times for calibration of internal laboratory standards after the first opening of ampoules
and improper storage.
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Reporting of uncertainties: Stated long term and individual measurement uncertainties from
some laboratories are too high or too low. The underestimation of uncertainty is especially
critical. Other uncertainties stated are so huge that the results themselves become very uncertain
and are of limited usefulness for most hydrological applications. Some laboratories quoted
extremely low uncertainties averaging a few analytical measurements which are very close,
especially regarding laser spectroscopic analysis. Overestimated uncertainties lead to the
rejection of such results. Proper procedure should be used to reject outlying measurements for
the calculation of average values and estimation of realistic uncertainties. Proper procedure
should be used to reject outlying measurements for the calculation of average values and the
estimation of realistic uncertainties.

Routine calibration with internal standards: It is obvious that for stable isotope measurements,
daily routine calibration using only one internal laboratory standard cannot be used to correct
for any scale normalization effect. Two internal laboratory standards would allow, for scale
normalization. In the present exercise, seven laboratories used only one standard for calibration.
The results of two to four samples of six of those laboratories are not within an acceptable
range.

6. CONCLUSIONS

The number of participating laboratories in WICO2011 is twice the number of participants in
WICO02002, mainly because of a revolution brought on by the expansion in the number of laser
water isotope analyzers. It also shows increased interest in the application of environmental
isotopes in hydrology and other disciplines.

No significant dependence of obtained 5-values on the analyzer type could be found. The results
of laser water isotope analyzers and mass spectrometers are within the acceptable range of
uncertainties.

Data from 52 sets out of 172 sets showed considerable deviation from the reference values for
at least three sample values. On the other hand, a majority of laboratories have proven
themselves capable of providing high quality data which can be used confidently for
hydrological/ hydrogeological studies.

Precise calibration possible creates a bottleneck for those laboratories which are still subject to
considerable offsets from the reference values. The basic requirement remains to suitably
calibrate and store internal laboratory water standards.

The WICO2011 interlaboratory comparison has been helpful in detecting potential problem
areas for laboratories. There is still a considerable number of laboratories with basic problems
in accuracy, precision, and in stating justifiable measurement uncertainty. Further efforts are
needed to improve this situation. Some improvements will be suggested to individual
laboratories having large deviations in results and uncertainty problems.

Most of the laboratories which participated in WIC0O2002 and/or WIC0O1999 have improved
their performance as compared to the previous exercises.
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APPENDIX 1.

LISTING OF RESULTS FOR ALL FOUR SAMPLES

Table Al: Submitted 80 results from all participating laboratories for samples OH-13 to OH-16 with measurement uncertainties at the 1o-level.
Gray-shaded values are regarded as outliers according to the statistical criteria applied. Column ‘ID’ gives the assigned laboratory
identification number; column ‘Equip’ indicates equipment (mass spectrometer, LGR laser analyzer, Picarro laser analyzer) used; column
‘CA’ states in Yes/No modus, whether a calibration with VSMOW was performed along with WICO2011 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 H,O/CO, exchange reaction as used where applicable; ‘Stated Unc.’ indicates the long term
laboratory uncertainties. Other parameters provided by the laboratories are not listed in this report. The abbreviations used in the columns:

NA: not applicable, NM: not mentioned, IRMS: isotope ratio mass spectrometer, LGR: Los Gatos Research laser analyzer, Pic: Picarro laser

analyzer.
Stated
Lab ID| Instrument | CA NS | AW |ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 | IAEA-OH-16 | Unc. | Remarks
(uL) | (hn) |8%0 16[%o] | 8'°0 16[%0] | 80  1o[%] | 6'°0  16[%]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04
1A LGR N 5 0.70 NA -0.75 0.36 -4.96 0.18 -8.70 0.15 -15.16 0.14
1B IRMS N 1 1000 25 -0.92 0.05 -5.89 0.11 -9.27 0.14 -15.72 0.14 0.20
3 IRMS NM 2 0.10 NM -1.02 0.04 -5.57 0.05 -9.28 0.01 -15.33 0.05 0.15
4 LGR NM 1 NM NA -1.58 0.21 -5.46 0.17 -9.08 0.18 -13.57 0.12
5 IRMS Y 1 1000 NM -1.01 0.07 -5.56 0.09 -9.31 0.05 -15.25 0.08
6A IRMS Y 3 5000 10 -0.98 0.07 -5.58 0.03 -9.39 0.03 -15.42 0.02
6B PIC Y NM 1.75 NA -0.89 0.11 -5.58 0.08 -9.27 0.17 -15.55 0.07
7 IRMS Y 2 3000 4 -1.13 0.09 -5.70 0.10 -9.53 0.10 -15.58 0.12
8 IRMS N 3 400 4 -1.09 0.29 -5.31 0.23 -9.26 0.25 -15.27 0.29 0.15
9 IRMS Y 3 0.70 NM -0.90 0.29 -5.65 0.29 -9.65 0.41 -15.32 0.29
11 LGR NM 6 1000 NA -0.88 0.06 -5.56 0.05 -9.37 0.05 -15.50 0.04 0.15
13A IRMS Y 3 0.50 NM -1.16 0.40 -5.53 0.34 -9.33 0.31 -15.28 0.46
13B IRMS Y 3 0.50 18 -1.04 0.15 -5.61 0.13 -9.36 0.13 -15.37 0.25
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Stated
Lab ID| Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks
(uL) | (hn) |8%0 16[%0] | 8'°0 16[%0] | 8°0  1o[%] | 8'°0  16[%]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04
15A IRMS NM 4 5000 5 -0.93 0.02 -5.56 0.05 -9.36 0.04 -15.34 0.02
15B PIC NM NM | NM NA -0.96 0.05 -5.52 0.04 -9.32 0.06 | -1541 0.10
19 LGR N 3 0.97 NA -0.98 0.06 -5.73 0.10 -9.51 0.08 | -1559 0.14 0.18
22 LGR N 2 NM NA -1.03 0.21 -5.69 0.19 -9.50 0.09 | -15.66  0.13
24 IRMS Y 3 1.00 NA -1.46 0.20 -6.06 0.21 -9.79 021 | -15.70  0.22
25A PIC Y 3 2.00 NA -0.92 0.05 -5.63 0.05 -9.41 0.03 | -1550  0.04
25B IRMS Y 3 NM 18 -0.97 0.04 -5.55 0.03 -9.38 0.02 -15.48 0.02
26 IRMS NM 3 2000 18 -0.88 0.07 -5.29 0.07 -9.27 0.05 -15.28 0.07
27A IRMS N 3 200 18 -1.10 0.08 -5.52 0.05 -9.44 0.04 | -1554 0.14
28 IRMS Y 2 NM NA -0.83 0.20 -5.53 0.25 -9.35 0.26 | -1550 0.19
29 IRMS NM NM | 1.00 NA -1.08 0.14 -5.84 0.12 -9.59 013 | -1565 0.15
30 LGR NM 3 NM NA -0.91 0.06 -5.62 0.11 -9.46 0.07 | -1546  0.15
31 PIC Y NM | NM NA -1.07 0.11 -5.71 0.11 -9.52 016 | -1555  0.11
34 IRMS Y 3 300 20 -0.98 0.10 -5.51 0.11 -9.41 011 | -1542 011
35 PIC NM 2 10 NA -1.25 0.33 -5.82 0.23 -9.55 0.28 -15.65 0.28 0.39
36 PIC Y 3 1.00 NA -1.03 0.02 -5.60 0.02 -9.38 0.04 | -1538  0.02 0.20
37 IRMS Y 2 0.15 NA -1.30 0.15 -5.80 0.21 | -10.00 0.13 | -16.00 0.14 0.33
38A PIC N 3 1.80 NA -0.98 0.08 -5.65 0.15 -9.55 0.09 -15.55 0.09
38B IRMS N 3 0.50 18 -1.11 0.03 -5.72 0.09 -9.55 0.05 | -15.64  0.02
39 IRMS Y 3 200 34 -1.11 0.07 -5.61 0.08 -9.58 0.09 | -1576  0.06
40 LGR Y 2 1.00 NA -0.68 0.03 -5.57 0.19 -9.42 0.20 | -1543 0.19
41 PIC Y 2 1.77 NA -0.94 0.02 -5.59 0.14 -9.40 0.04 | -1549  0.06 0.06
43 PIC N 2 1.80 NA -1.09 0.10 -5.65 0.07 -9.41 0.04 | -15.42 0.06 0.08
44 IRMS Y 3 200 7 -1.176 0.05 -5.67 0.02 -9.47 0.03 | -1550 0.05
45 IRMS N 7 2500 8 -0.989 0.02 -5.64 0.01 -9.43 0.01 | -1547 0.02
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Stated
Lab ID| Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks
(uL) | (hn) |8%0 16[%0] | 8'°0 16[%0] | 8°0  1o[%] | 8'°0  1o[%]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04
47A IRMS NM 4 4000 4 -0.970 0.04 -5.59 0.04 -9.42 0.05 -15.43 0.03 0.05
48 IRMS N 6 600 36 -0.94 0.05 -5.64 0.06 -9.45 0.06 -15.47 0.07
50A IRMS Y 3 4000 4 -0.88 0.08 -5.53 0.06 -9.35 0.08 | -15.40 0.06 0.06
50B PIC NM NM 1.70 NA -0.86 0.03 -5.53 0.03 -9.32 0.04 -15.32 0.07 0.08
51 LGR N 3 1 NA -0.86 0.06 -5.51 0.10 -9.41 0.13 -15.49 0.05
52 IRMS N 3 200 24 -1.03 0.02 -5.62 0.01 -9.42 0.02 -15.60 0.02 0.20
53A IRMS NM 3 500 20 -0.82 0.05 -5.42 0.06 -9.22 0.08 -15.29 0.07 0.13
53B PIC NM 3 10 NA -0.77 0.08 -5.40 0.14 -9.17 011 | -15.28 0.06 0.19
56 PIC NM 3 NM NA -0.87 0.07 -5.48 0.07 -9.32 0.06 | -15.34  0.09 0.10
57 IRMS NM 2 500 20 -1.11 0.06 -5.63 0.04 -9.44 0.08 | -1535  0.09
58 IRMS Y 3 NM NA -0.83 0.05 -5.34 0.16 -9.13 016 | -15.17  0.00 0.30
59 IRMS Y 3 200 12 -1.08 0.10 -5.65 0.09 -9.46 0.09 -15.51 0.06 0.10
60A IRMS NM 2 1.00 NA -0.89 0.00 -5.51 0.01 -9.30 0.01 | -1541 0.03
60B PIC NM 2 NM NA -0.96 0.02 -5.68 0.12 -9.43 0.01 | -1557 0.10
61 IRMS Y 2 200 4 -0.74 0.20 -5.19 0.14 -8.85 0.08 | -1478 0.25
62 IRMS NM 1 5000 8 -0.95 0.17 5.2 0.08 -8.94 022 | -1541 0.28
63A IRMS N 4 500 NM -0.93 0.06 -5.53 0.06 -9.39 0.06 | -15.43  0.06
63B PIC N 4 1.85 NA -0.98 0.10 -5.61 0.09 -9.48 0.09 | -1540 0.10
64A IRMS NM 2 500 24 -0.92 0.05 -5.56 0.26 -9.20 0.04 | -15.20 0.06
64B IRMS NM 2 0.70 NA -0.980 0.16 -5.30 0.14 -9.04 0.18 | -1530 0.13
66 IRMS N 3 2000 2 -0.90 0.03 -5.52 0.06 -9.33 0.03 -15.39 0.02
67 LGR NM 3 1.00 NA -0.85 0.10 -5.50 0.08 -9.41 0.08 | -15.61  0.07
69 LGR NM 3 0.75 NA -1.47 0.30 -5.81 0.23 -9.65 0.27 | -1556  0.21
70 IRMS Y 3 1.00 NA -0.94 0.10 -5.59 0.10 -9.42 0.10 | -1554  0.10 0.10
71 LGR NM NM NM NA -1.02 0.13 -5.65 0.06 -9.57 0.09 | -1550 0.12
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Stated

Lab ID| Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks
(uL) | (hr) |80 16[%0] | 8'°0 16[%0] | 8°0  1o[%] | 8'°0  16[%]

Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04

72 IRMS Y 3 200 4 -1.96 0.06 -6.61 0.06 -10.44 0.05 -16.40 0.06

T4A IRMS NM 3 NM 6 -1.00 0.03 -5.51 0.03 -9.34 0.03 -15.43 0.03 0.10

75A IRMS N 3 400 24 -0.95 0.01 -5.62 -9.41 -15.50

75B LGR N 3 0.92 NA -0.91 0.09 -5.63 0.03 -9.48 0.03 -15.71 0.15

77 NM | NM | NM NM -1.13 0.10 -5.90 0.10 -9.50 0.10 | -15.47  0.10

78 LGR NM 3 NM NA -0.93 0.23 -5.66 0.25 -9.35 016 | -1551  0.15

79 IRMS N 2 500 18 -1.04 0.06 -5.66 0.08 -9.43 0.08 -15.44 0.05

80A IRMS Y NM | 5000 12 -0.94 0.05 -5.57 0.05 -9.39 0.05 | -15.46  0.05

80B PIC Y NM | 1.80 NA -1.00 0.10 -5.55 0.10 -9.39 010 | -1546  0.10

81 PIC Y 2 NM NA -0.89 0.14 -5.59 0.12 -9.37 0.18 | -1539  0.13

82 LGR N S 0.75 NA -0.70 0.19 -5.29 0.04 -9.15 015 | -15.28  0.08 0.17

84 IRMS N 2 500 18 -1.00 0.13 -5.54 0.04 -9.47 0.04 | -1555  0.05 0.04

86A LGR Y 2 NM NA -1.11 0.30 -5.65 0.30 -9.47 0.30 | -1551  0.30

86B IRMS Y 2 500 55 -1.04 0.20 -5.64 0.20 -9.43 0.20 | -1549  0.20

87 IRMS Y 2 NM 24 -0.80 0.09 -5.90 0.05 -9.29 0.05 -15.34 0.06

88A IRMS N 5 400 6 -1.0726  0.07 -5.58 0.07 -9.41 012 | -15.44  0.06 0.10

88B IRMS N 5 200 6 1.04 0.02 -5.70 0.02 -9.43 0.01 | -1556  0.06

89 IRMS N 3 200 7 -1.01 0.05 -5.60 0.02 -9.40 0.01 -15.46 0.01 0.04

91 LGR N 3 NM NA -0.84 0.12 -5.47 0.08 -9.24 0.07 | -1529  0.05

93 IRMS Y 3 1000 9 -1.00 0.02 -5.63 0.02 -9.41 0.02 | -1544 0.01

95 IRMS NM 1 NM NA -1.28 0.18 -5.57 0.27 -9.25 015 | -1511 0.26 0.16

96 IRMS N 2 1500 6 -0.94 0.03 -5.60 0.03 -9.38 0.04 | -15.44  0.04 0.06

98 PIC NM 4 2.00 NA -0.93 0.06 -5.57 0.02 -9.35 0.02 -15.44 0.07

99 IRMS N 2 2000 10 -1.00 0.03 -5.63 0.05 -9.46 0.15 | -15.47 0.06

100 IRMS N 5 3000 21 -0.92 0.09 -5.55 0.07 -9.29 0.09 | -15.40 0.03 0.10
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Stated
Lab ID | Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks

(uL) | (hr) |80 16[%o] | 8*°0 16[%0] | 80  1o[%0] | 80  1o[%o]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04

101 IRMS Y 2 200 NM -1.03 0.06 -5.64 0.04 -9.46 0.04 -15.49 0.06 0.10

102 LGR N 3 NM NA -1.59 0.09 -5.74 0.10 -9.29 0.05 | -15.40 0.04 0.12
103 IRMS NM 5 1.00 24 -0.94 0.13 -5.62 0.09 -9.37 0.09 | -1559 0.1

104 IRMS Y 3 4000 9 -0.95 0.03 -5.59 0.01 -9.37 0.01 -15.42 0.02 0.02
105 LGR Y 3 NM NA -1.07 0.12 -5.74 0.08 -9.47 0.05 | -1554  0.06
106 LGR Y 2 NM NA -0.66 0.35 -5.89 0.45 -9.50 041 | -1531 0.19
108 IRMS NM 3 NM 4 -0.98 0.04 -5.58 0.05 -9.40 0.03 -15.42 0.02
109 LGR NM 3 NM NA -0.95 0.18 -5.63 0.15 -9.42 015 | -1541 0.3

111 IRMS Y 2 200 24 -0.99 0.08 -5.67 0.06 -9.51 0.03 | -1555  0.08 0.15
112A IRMS N 3 3000 6 -1.05 0.06 -5.61 0.03 -9.37 0.03 -15.39 0.06
112B LGR N 3 NM NA -1.06 0.17 -5.66 0.17 -9.40 014 | -1543 0.14
113A IRMS Y 4 NM 18 -0.87 0.11 -5.28 0.18 -9.26 0.14 | -1536  0.20
113B PIC Y 4 NM NA -0.96 0.02 -5.60 0.05 -9.32 0.10 | -15.43  0.10
114 LGR Y 3 NM NA -1.24 0.13 -6.17 0.14 -9.91 011 | -15.76  0.09

116 IRMS Y 3 4000 4 -0.98 0.14 -5.63 0.15 -9.43 0.15 | -1549 0.14 0.10
118A IRMS Y 2 2000 12 -0.99 0.11 -5.63 0.14 -9.40 011 | -1562 0.12
118B PIC NM 2 NM NA -1.08 0.16 -5.69 0.01 -9.52 0.03 | -1551  0.06
119A LGR N 2 NM NA -1.02 0.28 -5.74 0.31 -9.29 0.37 | -15.12  0.32
1198 LGR NM | NM | NM NA -5.06 0.42 -8.85 031 | -1534 0.26
119C LGR NM | NM | NM NA -0.81 0.21 -5.47 0.12 -9.26 0.13 | -1533  0.25
120 IRMS NM 2 NM 12 -0.99 0.02 -5.62 0.02 -9.37 0.03 -15.43 0.01
122 LGR N 3 0.75 NA -0.80 0.10 -5.60 0.30 -9.30 0.20 | -15.40 0.10
123 LGR Y 3 1.20 NA -0.92 0.22 -5.54 0.18 -9.48 0.19 | -1555  0.19

125 LGR N 3 0.75 NA -0.78 0.06 -5.33 0.04 -9.21 0.05 | -15.36  0.08 0.08
126 IRMS N 3 200 5 -0.92 0.12 5.37 0.06 -9.38 0.18 | -1539 0.10
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Stated
Lab ID| Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks
(uL) | (hr) |80 16[%0] | 8'°0 16[%0] | 8°0  1o[%] | 8'°0  16[%]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04
127 IRMS Y 2 3000 5 -0.78 0.10 -5.56 0.07 -9.33 0.05 -15.30 0.05
129 LGR NM 3 NM NA -0.88 0.10 -5.50 0.10 -9.40 0.08 -15.60 0.13 0.20
130 LGR NM 3 NM NA -1.23 0.09 -5.74 0.08 -9.43 015 | -15.34  0.07 0.30
132 LGR N 3 1.20 NA -0.95 0.25 -5.58 0.28 -9.34 0.33 -15.38 0.32
133A IRMS N 3 0.10 NM -1.03 0.09 -5.67 0.06 -9.58 0.07 -15.70 0.04
133B IRMS NM | NM | NM NA 0.13 0.09 -5.85 0.12 -9.86 0.06 | -16.09  0.03
135A PIC Y 3 2.00 NA -0.95 0.01 -5.59 0.01 -9.37 0.01 | -15.44 0.04
135B PIC Y 3 2.00 NA -0.84 0.041 -5.59 0.07 -9.35 0.01 | -1539 0.04
136 IRMS N 2 2000 11 -0.95 0.08 -5.61 0.06 -9.41 0.08 | -15.47  0.08
137 LGR N 2 1.20 NA -0.89 0.15 -5.33 0.20 -9.01 0.17 | -15.06  0.23
138 PIC NM | NM | NM NA -0.88 0.11 -5.52 0.13 -9.38 0.09 | -15.40 0.07
139 IRMS NM 2 NM 2 -1.03 0.01 -5.62 0.07 -9.38 0.04 | -15.33 0.02
140A IRMS NM 2 500 24 -0.91 0.14 -5.59 0.12 -9.40 037 | -1556  0.12 0.20
141 IRMS N 2 200 24 -0.96 0.04 -5.58 0.05 -9.39 0.08 | -15.44  0.06 0.10
142 LGR N 2 NM NA -1.18 0.15 -5.68 0.13 -9.45 0.07 | -15.47  0.33
143 LGR Y 3 NM NA -1.05 0.04 -6.53 0.05 -9.48 0.04 | -16.03 0.06
144 IRMS N 3 1000 9 -0.96 0.02 -5.62 0.02 -9.41 0.01 | -1551 0.02
145 LGR NM 7 1.00 NA -1.22 0.15 -5.76 0.11 -9.60 0.13 | -1563  0.13
146A IRMS N 1 3000 24 -1.10 0.05 -5.76 0.07 -9.56 0.05 | -1561  0.02 0.10
146B PIC N 3 1.00 NA -1.17 0.02 -5.62 0.10 -9.60 0.07 | -15.64  0.06 0.10
146C PIC N 3 1.00 NA -1.13 0.04 -5.85 0.11 -9.67 015 | -1571  0.05 0.10
147A IRMS N 3 5000 10 -0.96 0.03 -5.60 0.02 -9.40 0.02 | -1545  0.03
147B PIC N 3 2.00 NA -1.01 0.06 -5.56 0.05 -9.40 012 | -1546  0.12
148 IRMS N 2 5000 10 -1.00 0.03 -5.62 0.08 -9.42 0.12 -15.50 0.04 0.10
149A PIC Y 3 1.80 NA -0.95 0.03 -5.57 0.02 -9.36 0.02 | -1541  0.03
149B IRMS Y 3 3000 4 -0.97 0.02 -5.59 0.02 -9.36 0.03 -15.43 0.02
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Stated
Lab ID| Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks
(uL) | (hr) |80 16[%0] | 8'°0 16[%0] | 8°0  1o[%] | 8'°0  1o[%]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04
152 IRMS NM 3 1000 8 -0.91 0.06 -5.61 0.06 -9.45 0.10 -15.47 0.07
153 IRMS Y 3 400 7 -0.98 0.07 -5.52 0.08 -9.39 0.06 -15.40 0.04
154 IRMS NM 3 500 20 -1.00 0.10 -5.48 0.10 -9.13 015 | -15.15 0.15
155A IRMS Y 3 4000 NM -0.96 0.04 -5.59 0.05 -9.37 0.04 -15.41 0.04 0.01
155B PIC Y 3 1.00 NA -1.05 0.13 -5.54 0.07 -9.34 0.06 | -15.40 0.07
155C LGR Y 3 0.75 NA -1.05 0.16 -5.53 0.13 -9.37 012 | -1541 0.14
155D LGR Y 3 0.75 NA -0.78 0.18 -5.37 0.22 -9.14 021 | -1527 0.22
155E LGR Y 3 0.75 NA -0.74 0.29 -5.40 0.31 -9.20 021 | -1519 0.24
156 IRMS NM 2 1.00 NM -1.28 0.11 -5.88 0.11 -9.77 0.05 | -1591 0.3
157 IRMS Y 1 NM 15 -1.00 0.16 -5.77 0.09 -9.65 0.09 | -1571  0.05 0.10
159 IRMS Y 2 NM 18 -0.88 0.10 -5.24 0.01 -9.26 0.06 -15.24 0.10
160 PIC Y 10 1.00 NA -1.00 0.04 -5.63 0.05 -9.45 0.08 | -15.46  0.04
161 LGR Y 3 NM NA -0.88 0.01 -5.51 0.02 -9.34 0.03 | -1541 0.01 0.04
162 IRMS N 4 200 5 -1.00 0.17 -5.50 0.21 -9.40 013 | -1530 0.10 0.20
165 PIC NM 3 NM NA -1.00 0.10 -5.59 0.03 -9.40 0.05 | -15.46  0.05
168 IRMS Y 4 5000 4 -1.05 0.02 -5.59 0.05 -9.38 0.04 | -1540 0.05
170 PIC N 3 1.70 NA -0.86 0.09 -5.48 0.13 -9.32 0.03 | -15.36 0.10
172 PIC Y 3 1.70 NA -1.25 0.14 -5.83 0.15 -9.63 015 | -15.63  0.09
173 IRMS N 3 200 10 -0.61 0.06 -5.26 0.17 -9.15 0.14 | -1530  0.15
175 LGR NM 3 1.20 NA -3.34 0.65 -7.64 057 | -11.27 061 | -17.21  0.70
177 LGR NM 3 NM NA -1.08 0.22 -5.68 0.20 -9.41 0.22 | -1557 0.19
178 PIC NM 3 NM NA -0.86 0.06 -5.51 0.05 -9.34 0.06 | -15.33  0.08
Manual
180 PIC NM NM 1.10 NA -2.01 0.09 -6.69 0.04 -10.47 0.05 -16.52 0.03 Injection
181 LGR NM 3 NM NA -0.70 0.09 -5.69 0.25 -9.27 020 | -1525 0.12 0.30
182A IRMS Y 2 5000 5 -1.21 0.04 -5.64 0.04 -9.53 0.31 -15.31 0.01 0.20
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Stated
Lab ID | Instrument | CA NS AW | ET IAEA- OH-13 IAEA- OH-14 IAEA- OH-15 IAEA- OH-16 | Unc. Remarks
(uL) | (hr) |80 16[%o] | 8*°0 16[%0] | 80  1o[%0] | 80  1o[%o]
Reference values -0.96 0.04 -5.60 0.05 -9.41 0.04 | -15.43  0.04
182B LGR Y 2 0.75 NA -1.01 0.03 -5.65 0.09 -9.41 0.07 | -1554 0.11 0.20
183 PIC Y NM | 1.80 NA -0.91 0.06 -5.64 0.07 -9.43 0.05 | -15.47  0.08
185 IRMS NM 2 500 16 -0.99 0.07 -5.26 0.09 -9.16 0.04 | -1511 0.12

Table A2: Submitted 8°H results from all participating laboratories for samples OH-13 to OH-16 with measurement uncertainties at the 1o-level.
Gray-shaded values are regarded as outliers according to the statistical criteria applied. Column ‘ID’ gives the assigned laboratory
identification number; column ‘Equip’ indicates equipment (mass spectrometer, LGR laser analyzer, Picarro laser analyzer) used; column
‘CA’ states in Yes/No modus, whether a calibration with VSMOW was performed along with WICO2011 measurements; ‘Method’ provides
the indication of the sample preparation: e.g. reduction methods (Zn for Zinc, Cr for Chromium), pyrolysis (Pyro), equilibration of H2 gas
with Pt-catalyst; 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; ET’ provides the used equilibration time for the H,O/H; exchange reaction where applicable; ‘Stated
Unc’ indicates the long term uncertainties. Other parameters provided by the laboratories are not listed in this report. The abbreviations used
in the columns are: NA: not applicable, NM: not mentioned, IRMS: isotope ratio mass spectrometer, LGR: Los Gatos Research laser analyzer,
Pic: Picarro laser analyzer.

LabID | Equip. | CA | Method | NS | AW | ET IAEA-OH-13 IAEA-OH-14 | IAEA-OH-15 | IAEA-OH-16 | gisiaq
(uL) | (hr) 8H  1o[%] | &H  1o[%] | 8H 1o[%]| &°H  1o[%.]| Unc.
Reference values 284 060 |-3830 036 |-7826 038 |-11462 0.43
la LGR N NA 5 1 070 | NA | -187 061 |-3421 028 |-7529 045 | -113.33 0.61
3 IRMS | NM 2 | 010 | NM | 244 048 |-3758 033 |-7751 031 |-113.07 043 | 0.60
4 LGR | NM NA 3 | NM | NA | 588 137 |-4048 140 |-7810 1.73 |-101.90 1.79
5 IRMS Y Pt 1 | 1000 | NM | -235 086 |[-3820 068 |-7841 0.86 | -114.34 0.85
6a IRMS Y 3 | 5000 | 200 | -366 150 |-3888 1.10 |-79.86 1.60 | -11586 1.90
6b PIC Y NA 1.75 | NA | -3.60 06 |-3816 020 |-7717 0.30 | -101.90 0.50
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LabID | Equip. | CA | Method | NS | AW | ET IAEA-OH-13 IAEA-OH-14 | IAEA-OH-15 | IAEA-OH-16 | gtateq
(ub) | (hn) 3H  1o[%] | 8H  10[%] | 8°H 1o[%]| &H  1o[%]| Unc.

Reference values -2.84 0.60 |-3830 036 |-78.26 0.38 | -114.62 0.43

7 IRMS Y 2 | 3000 | 1.45 | -3.40 22 |-4150 250 |-79.60 2.40 | -116.6 18

8 IRMS N 3 | 400 | 150 | -2.88 093 |-3799 -1.04 |-7870 0.86 | -11525 0.96 | 0.50

9 IRMS Y 070 | NM | -250  1.08 |-37.01 1.11 |-7582 095 | -113.81 0.82

11 LGR | NM NA 6 | 1000 | NA | 293 035 |-3893 048 |-7823 0.35 |-11456 0.5 | 1.00

13a IRMS Y 3|05 |NM | -1.74 116 |-36.82 114 |-77.13 096 | -115.16 1.13

15a IRMS | NM Cr 3 | 5000 | 0.05 | -3.63 021 |-3853 033 |-7817 031 |-11410 0.0

15b PIC NM NA NM | NA | 393 0243 | -3868 037 |-7850 0.36 | -114.43 0.37

19 LGR N NA 31097 | NA | -1.60 034 |-3780 046 |-7895 060 |-116.30 0.53 | 1.00

22 LGR N NA NM | NA | 042 146 |-37.47 257 |-79.83 1.07 | -116.38 0.13

24 IRMS Y 3 | 1.00 | NM | 492 034 | -39.74 022 |-79.77 033 | -11474 0.39

25a PIC Y NA 3 | 200 | NA | -450 020 |-40.10 020 |-8040 020 |-116.80 0.10

25b IRMS Y 3 | NM |[1800| -3.10 040 |-37.30 080 |-7840 0.80 | -114.70 1.00

26 IRMS | NM Cr 3 | 2000 | 0.02 | -296 052 |-40.92 068 |-8215 042 |-12054 0.46

27a IRMS N 3 | 200 | 400 | -3.60 210 |-40.10 1.60 |-79.90 1.90 | -114.40 250

27b IRMS | NM 3 | 200 | 400 | -480  3.00 |-41.40 160 |-82.00 230 |-11550 2.30

28 IRMS Y 2 | NM | NM | 270 120 |-3920 1.20 |-7950 2.00 | -116.70 1.50

29 IRMS | NM 1.00 | NM | -241 074 |-3834 081 |-7840 0.82 |-11594 0.72

30 LGR | NM NA NM | NA | -285 017 |-3844 027 |-7860 026 |-11498 0.21

31 PIC Y NA NM | NA | -451 160 |-3851 1.74 |-7865 253 |-11560 1.11

34 IRMS Y 3 | 300 | 6.00 | -255  1.67 |-3817 1.75 |-7899 1.75 | -115.36 1.99

35 PIC NM NA 2 | 1000 | NA | -440 180 |-3730 150 |-77.10 1.60 | -11410 120 | 1.46

36 PIC Y NA 1.00 | NA | -440 067 |-3870 040 |-7850 0.25 |-11490 0.27 | 0.60

37 IRMS Y Pyro 2 1 015 | NA | -660 080 |[-4390 072 |-8270 0.66 |-117.80 1.41 | 2.00

38a PIC N NA 3 |18 | NA | 241 014 |-3852 012 |-7943 037 |-116.31 0.39

38b IRMS N 31010 | NM | -1.00 052 |-3752 055 |-7845 059 |-11581 058

39 IRMS Y 3 | 200 |3400| -293 057 |-39.16 061 |-76.11 286 |-116.11 0.77
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Lab ID Equip. CA | Method | NS | AW ET IAEA-OH-13 IAEA-OH-14 IAEA-OH-15 IAEA-OH-16 Stated
(ub) | (hn) 3H  1o[%] | 8H  10[%] | 8°H 1o[%]| &H  1o[%]| Unc.
Reference values -2.84 0.60 |-3830 036 |-78.26 0.38 | -114.62 0.43
40 LGR Y NA 2 | 1.00 | NA | -3.25 0.75 |-3829 068 |-7865 182 | -11525 1.37
41 PIC Y NA 2 1.77 NA -1.70 0.60 -37.20 0.40 -77.90 0.20 | -114.80 050 0.30
43 PIC N 2 | 1.80 | NM -3.58 042 |-3827 0.10 |-77.78 0.28 | -113.96 0.21 0.33
44 IRMS Y Cr 0.30 NM -3.56 0.20 -38.67 0.50 -79.92 095 | -114.79 0.18
45 IRMS N Cr 7 0.50 NM -2.77 0.24 -38.37 0.14 -78.07 0.12 | -114.82 0.19
47a IRMS NM Cr 4 NM -2.04 0.74 -37.49 0.76 -77.60 0.63 | -114.02 0.74 0.80
470 PIC NM NA NA -2.11 0.30 -36.85 0.40 -77.22 039 | -114.15 0.43 0.60
50a IRMS Y Pt 3 4000 | 0.75 -2.45 0.16 -38.77 0.22 -7847 020 | -114.82 0.18 0.60
50b PIC NM NA 3 1.70 NA -1.84 0.27 -37.22 0.25 -77.71 020 | -113.77 0.12 0.60
51 LGR N NA 3 1.00 NA -2.20 0.40 -39.70 0.50 -78.80 0.20 | -115.70 0.30
52 IRMS N 3 0.20 |48.00| -1.84 065 |-3892 052 |-7866 0.73 | -115.06 0.72 3.00
53a IRMS NM Cr 3 500 NMm | -3.20 025 |-3860 026 |-7850 032 |-11450 0.38 0.90
53b PIC NM NA 3 | 10.00 | NA -2.60 1.49 -37.80 1.07 -77.60 084 | -113.70 0.52 0.80
56 PIC NM NA 3 NA -2.30 0.30 -37.40 0.30 -7760 050 | -114.10 0.50 0.50
57 IRMS NM Pyro 2 0.40 | 20.00 | -2.80 0.80 -37.40 0.90 -77.50 1.02 | -113.00 0.51
58 IRMS Y Pyro 3 NM -0.80 0.65 -37.10 1.06 -76.10 0.78 | -113.40 0.02 3.00
59 IRMS Y Zn 3 8.00 | 30.00 | -4.26 0.57 -40.22 0.50 -80.34 048 | -116.02 1.00 1.00
60a IRMS NM 2 1.00 NM -2.59 0.28 -37.92 0.66 -78.35 0.45 | -114.66 0.40
60b PIC NM NA 2 NA -2.82 0.06 -37.87 0.19 -78.18 051 | -113.63 0.54
61 IRMS Y Cr 2 | 090 | NM | -4.30 0.70 | -40.20 1.00 |-7950 0.50 | -115.80 0.70
62 IRMS NM Pt 1 5000 | 1.00 -6.08 1.05 -38.25 1.79 -79.72 113 | -115.23 1.69
63a IRMS N Cr 4 1.20 NM -2.13 0.98 -37.74 0.83 7791 106 | -114.16 0.77
63b PIC N NA 4 1.85 NA -2.25 1.07 -37.86 0.92 -78.02 0.81 | -114.48 0.78
64a IRMS NM Pyro 2 500 | 24.00| -5.40 3.90 -41.50 1.20 -78.60 180 | -11550 1.40
64b IRMS NM 2 0.70 NM -4.30 0.90 -38.30 0.90 -78.10 040 | -115.20 0.80
66 IRMS Y Zn 3 10 NA -1.30 0.46 -37.76 0.53 -77.23 0.78 | -114.05 0.34
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LabID | Equip. | CA | Method | NS | AW | ET IAEA-OH-13 IAEA-OH-14 | IAEA-OH-15 | IAEA-OH-16 | gtateq
(ub) | (hn) 3H  1o[%] | 8H  10[%] | 8°H 1o[%]| &H  1o[%]| Unc.

Reference values -2.84 0.60 |-3830 036 |-78.26 0.38 | -114.62 0.43

67 LGR | NM NA 3 | 100 | NA | 071 042 |-3711 066 |-78.88 068 |-117.27 0.63

69 LGR | NM NA 31075 | NA | -400 200 |-40.10 1.80 |-78.80 150 | -114.40 1.80

70 IRMS Y Pyro 1.00 | NM | 580 070 |-3890 070 |-7870 0.70 | -11530 0.70 | 0.70

71 LGR | NM NA NA | -328 077 |-3882 048 |-7869 028 |-11517 0.49

72 IRMS Y Cr 3 NM | -470 260 |-39.80 270 |-79.80 250 | -11580 2.80

74a IRMS | NM 3 400 | 210 039 |-40.10 035 |-80.80 064 |-11500 1.13 | 1.00

74b IRMS | NM 3 1200 | NM | -400 010 |-39.20 1.22 |-79.90 1.16 | -11570 0.90 | 2.00

75a IRMS N Cr 3 | 050 | NM | -1.30 3720 030 |-77.80 0.00 | -115.90 0.40

75b LGR N NA 3 NA | -1.30 010 |-37.00 010 |-7840 0.0 | -115.90 0.50

78 LGR | NM NA 3 NA | -3.00 090 |-3840 070 |-79.70 0.60 | -116.60 0.60

79 IRMS N EA 2 | 020 | NM | -3.70 074 |-3860 0.79 |-7540 0.2 | -115.00 0.42

80a IRMS Y 2 6.00 | -2.86  1.25 |-3844 125 |-77.86 1.25 | -11434 125

80b PIC Y NA 2 | 1.80 | NA | -263 078 |-3822 078 |-7864 0.78 | -11545 0.78

81 PIC Y NA 2 NA | -1.10 110 |-38.60 120 |-77.10 1.00 | -115.80 0.50

82 LGR N NA 5| 075 | NA | -330 1.00 |-3850 0.90 |-7840 040 |-11480 0.60 | 0.60

84 IRMS N Cr 2 | 1.00 | NM | 220 022 |-3810 041 |-7830 0.24 |-11460 023 | 0.30

86a LGR Y NA 2 NA | -320 200 |-37.70 2.00 |-77.40 2.00 | -113.80 2.00

87 IRMS Y Pt 2 1.00 | -1.78 079 |[-3829 0.69 |-77.07 092 |-11432 091

88a IRMS N Cr 5 NM | -2.80 036 |-3850 0.18 |-79.10 0.39 |-11510 0.10 | 0.80

89 IRMS N Pt 3 400 | -280 050 |-3880 040 |-7830 060 |-11460 0.60 | 1.05

90 IRMS | NM Cr 2 | 1.00 | NM | -2.20 -38.40 -78.40 -114.20

91 LGR N NA 3 NA | 0.19 0.05 |-37.92 013 |-78.09 021 |-11482 0.20

93 IRMS Y 3 | 1000 | 1.00 | 280 060 |-3890 020 |-7820 0.30 | -114.60 0.50

95 IRMS | NM | Pyro | 1 NM | -3.60 077 |-37.30 060 |-7589 0.87 |-111.39 1.03 | 0.65

96 IRMS N Cr 2 | 050 | NM | -3.04 060 |-3883 040 |-7899 0.20 |-11529 0.30 | 0.70

98 PIC NM NA 4 | 200 | NA | 259 011 |-3826 013 |-78.34 011 |-11459 0.11

40




LabID | Equip. | CA | Method | NS | AW | ET IAEA-OH-13 IAEA-OH-14 | IAEA-OH-15 | IAEA-OH-16 | gateq
(ub) | (hn) 3H  1o[%] | 8H  10[%] | 8°H 1o[%]| &H  1o[%]| Unc.

Reference values -2.84 0.60 -38.30 0.36 -78.26 0.38 | -114.62 0.43

99 IRMS N Pt 2 | 2000 | 1.40 | -4.33 0.29 |-40.12 021 |-79.70 0.34 | -11579 0.23

100 IRMS N 5 | 3000 |21.00 | -3.50 035 |-3890 0.17 |-7890 045 |-11530 0.22 | 1.00

101 IRMS Y 2 | 200 | NM | -2.44 0.88 | -3853 0.58 |-78.44 0.60 |-11490 0.80 | 1.00

102 LGR N NA 3 NA | -1.40 041 |-3780 062 |-7870 0.71 | -11480 0.74 | 0.92

104 IRMS Y Pt 3 | 4000 | 2.00 | -3.21 0.34 |-3852 047 |-7847 052 |-11483 0.62 | 050

105 LGR Y NA 3 NA | -3.50 048 | -3940 041 |-79.10 023 | -11510 044

106 LGR Y NA 2 NA | -1.50 067 |-3850 029 |-7750 041 | -11540 0.98

108 IRMS | NM 3 3.00 | -2.91 0.31 |-3866 0.33 |-78.94 047 | -11516 0.43

109 LGR NM NA 3 NA | -2.21 156 |-3788 116 |-7829 116 | -11453 1.04

111 IRMS Y 2 | 200 |24.00| -2.90 246 | -38.70 404 |-80.30 3.02 | -11560 2.88 | 2.00

112a IRMS N 3 | 3000 | 3.00 | -3.59 060 |-3885 030 |-7836 031 |-11386 0.50

112b LGR N NA 3 NA | -3.12 051 |-3875 047 |-7838 0.64 | -11387 0.88

113A IRMS Y Pt 4 1.00 | -3.87 057 |-39.80 064 |-80.09 0.71 | -11740 054

113b PIC Y NA 4 NA | -2.36 042 | -3834 037 |-79.23 039 |-116.32 0.35

114 LGR Y NA 3 NA | -3.20 070 |-39.70 070 |-8o.60 0.70 | -117.20 0.80

116 IRMS Y 3 | 4000 | 150 | -4.00 1.20 |-39.35 1.30 |-7950 1.30 | -115.40 1.50 | 1.00

118a IRMS Y Zn 2 | 200 | NM | -0.40 073 |-3460 087 |-76.80 0.70 | -113.80 0.46

118b PIC NM NA 2 | NM | NA | -4.10 0.01 |-39.40 099 |-79.30 0.88 | -11560 0.58

119a LGR N NA 2 | NM | NA | -2.40 068 |-37.40 114 |.-7784 178 | -113.40 1.50

119b LGR NM NA NM | NA -37.10 120 |-77.21 104 | -12420 0.50

119¢ LGR NM NA NM | NA | -2.60 039 |-3830 058 |-7844 0.27 |-11510 0.10

120 IRMS | NM NM | NM | -1.92 034 |-3808 006 |-7858 0.38 |-115.69 0.04

122 LGR N NA 31075 | NA | -2.10 091 |-3874 087 |-7951 109 |-116.16 0.61

123 LGR Y NA 3 | 120 | NA | -2.84 086 |-3868 073 |-7822 048 | -11529 0.61

125 LGR N NA 3 | NM | NA | -0.29 032 |-3369 029 |-7482 0.6 |-11297 048 | 1.00

126 IRMS N 3 | 200 | 150 | -0.90 200 |-3690 100 |-7650 210 | -11320 1.30
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LabID | Equip. | CA | Method | NS | AW | ET IAEA-OH-13 IAEA-OH-14 | IAEA-OH-15 | IAEA-OH-16 | gtateq
(ub) | (hn) 3H  1o[%] | 8H  10[%] | 8°H 1o[%]| &H  1o[%]| Unc.

Reference values -2.84 0.60 |-3830 036 |-78.26 0.38 | -114.62 0.43

127 IRMS Y 2 | 3000 | 3.00 | 201 058 |-3864 077 |-7841 0.65 | -11466 0.33

129 LGR | NM NA 3| NM | NA | 341 031 |-3842 032 |-7829 040 |-11493 064 | 1.00

130 LGR | NM NA 3| NM | NA | 259 039 |-3935 074 |-79.22 1.08 |-117.16 049 | 1.00

132 LGR N NA 3 | 120 | NA | -284 122 |-3797 097 |-7807 079 | -11473 0.83

133a IRMS N Pyro | 3 | 010 | NM | -1.20 073 |-3920 045 |.go80 0.87 | -11950 0.4

133b IRMS | NM NM | NM | -1.20 038 |-39.70 043 |-7960 0.33 |-11640 0.36

135a PIC Y NA 3 | 200 | NA | -27 015 | -383 002 | -784 015 | 1147 0.27

135b PIC Y NA 3 |20 | NA | -28 009 | -384 002 | -784 015 | -1147 053

136 IRMS N 2 | 2000 | 3.00 | 250 044 |-3830 043 |-7820 0.30 | -114.30 0.22

137 LGR N NA 2 | 120 | NA | 241 096 |-3713 096 |-76.38 0.79 | -113.14 047

138 PIC NM NA NM | NA | -1.90 020 |-3730 020 |-.7740 0.30 |-113.90 0.50

139 IRMS | NM 2 | NM | 100 | -1.70 006 | 3760 0.5 |-7830 0.26 | -11550 0.44

140b PIC NM NA 2 | 1.00 | NA | 270 008 |-39.10 043 |-7860 0.22 |-11450 0.39 | 2.00

141 IRMS N Pt 2 | 200 |12.00| -3.60 143 |-3920 1.22 |-7850 0.73 | -11530 0.98 | 1.50

142 LGR N NA 2 | NM | NA | 350 110 |-3841 067 |-7812 061 |-11500 1.39

143 LGR Y NA 3 | NM | NA | -240 017 |-3863 024 |-80.32 021 |-118.40 0.29

144 IRMS N 3 | 1000 | 9.00 | -2.04 032 |-3783 030 |-77.64 049 |-113.89 0.27

145 LGR | NM NA 7 | 100 | NA | 290 073 |-39.80 070 |-80.30 0.40 |-117.20 0.20

146a IRMS N 1 | 3000 | 1.00 | -1.92 061 |[-37.79 048 |-7834 045 |-11483 066 | 1.00

146b PIC N NA 3 | 100 | NA | -227 011 |-3810 017 |-7827 0.6 | -11509 0.20 | 1.00

146¢ PIC N NA 3 | 100 | NA | -249 024 |-3783 038 |-7844 051 |-11471 051 | 1.00

147a IRMS N Pt 3 | 5000 | 200 | -2.43 052 | 3820 043 |.7815 052 | .11475 043

147b PIC N NA 3 | 2000 | NA | -265 082 |-3788 052 |.7845 0.72 | -11483 0.72

148 IRMS N Cr 2 | 150 | NM | 940 085 |-4125 049 |-7890 0.4 |-11335 0.78 | 1.00

149a PIC \4 NA 3 |18 | NA | 230 020 | -3780 020 |-7790 0.30 |-11430 040

152 IRMS | NM Pt 3 | 1000 | 1.00 | -2.10  0.40 | -3820 1.00 |-78.90 1.10 | -114.80 0.60

42




LabID | Equip. | CA | Method | NS | AW | ET IAEA-OH-13 IAEA-OH-14 | IAEA-OH-15 | IAEA-OH-16 | gateq
(ub) | (hn) 3H  1o[%] | 8H  10[%] | 8°H 1o[%]| &H  1o[%]| Unc.

Reference values -2.84 0.60 -38.30 0.36 -78.26 0.38 | -114.62 0.43

153 IRMS Y 3 | 400 | 250 | -3.04 023 |-3840 019 |-7830 0.18 | -11450 0.34

154 IRMS | NM Pt 3 | 200 | 1.00 | -3.33 060 |-3946 100 |-79.70 1.00 | -115.95 1.40

155a IRMS Y Pt 3 | 4000 | NM | -2.3 0.9 -37.7 0.8 780 0.8 | -1138 0.9 0.21

155b PIC Y NA 3 | 1.00 | NA | -4.17 1.16 | -37.69 055 |-77.68 0.42 | -11439 0.32

155¢ LGR Y NA 3 | 075 | NA | -3.99 064 |-3868 055 |-78.78 0.34 |-115.34 0.55

155d LGR Y NA 3 | 075 | NA | -3.96 0.88 |-3879 090 |-79.11 1.29 | -11550 0.65

155e LGR Y NA 3 | 075 | NA | -3.64 1.87 |-39.00 239 |-77.82 162 | -11422 1.42

157 IRMS Y Zn 1 | NM | 1.00 | -0.10 102 |-3730 045 |.-7970 0.38 | -116.00 025 | 1.02

159 IRMS Y Cr 2 | NM | 010 | -0.58 102 |-3586 017 |-77.28 0.69 | -113.97 0.42

160 PIC Y NA | 10 | 1.00 | NA | -2.40 020 |-3850 050 |-77.90 0.10 | -11470 0.20

161 LGR Y NA 3 | NM | NA | -0.07 0.02 |-3526 0.10 |-7564 0.12 |-112.35 0.09 | 0.60

162 IRMS N Cr 3 1020 | NM | -2.78 044 |-3861 066 |-78.64 0.31 |-11556 0.44 | 0.80

165 PIC NM NA 3 | NM | NA | -261 179 |-3700 053 |-7782 083 | -116.17 0.89

168 IRMS Y Pyro 4 | NM | NM | -1.40 050 |-3730 060 |-7730 060 |-113.40 0.60

170 PIC N NA 3 | NM | NA | -3.28 065 |-3866 054 |-7831 0.15 |-11498 0.50

172a PIC Y NA 3 | 1.70 | NA | -261 031 |-4433 172 |.-7805 083 |-116.38 0.28

175 LGR NM NA 3 | 120 | NA | -1290 160 |-4630 090 |-8590 0.70 | -122.70 0.70

177 LGR NM NA 3 NM | NA | -3.82 075 |-3876 055 |-79.17 0.40 | -116.30 0.86

178 PIC NM NA 3 | NM | NA | -2.07 033 |-3729 032 |-7754 031 |-11421 042

180 pic [NM| NA | ™| 110 | NA | 723 %87 |01 04 | go77 026 | 41935 O30 m:&lﬂ

181 LGR NM NA 3 | NM | NA | 108 042 |-3550 1.08 |-77.05 0.19 |-11430 0.56 | 1.00

182a IRMS Y 2 | 5.00 |35.00| -1.84 050 |-37.79 060 |-7662 050 | -11471 040 | 1.00

182b LGR Y NA 2 1075 | NA | -154 040 |-3656 030 |-7659 030 |-11358 0.60 | 1.00

183 PIC Y NA 1.80 | NA | -1.80 008 |-3730 030 |-7800 029 |-11503 0.33
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APPENDIX II. LIST OF PARTICIPANTS

Note: This list is sorted alphabetically by country and is not related to the assigned Laboratory ID number used

throughout the report.

Iris Bakiri

Center of the Applied Nuclear Physics
str. Thoma Filipeu

P.O.Box 85

Qesarake,Tirana

Albania

++355 2451371
bakiriiris@yahoo.com

Hector Panarello

Instituto de Geocronologia y Geologia
Isotopica (INGEIS)

Pabellon INGEIS, Ciudad Universitaria
1428 Buenos Aires

Argentina

++ 54 (011) 4783-3021/23
panarello@ingeis.uba.ar

Daniel Martinez

Centro de Geologia de Costas y del
Cuaternario

Universidad Nacional de Mar del Plata
Calle Funes 3350

7600 Mar del Plata

Argentina

++54 23 4754060
demarti@mdp.edu.ar

Fred Leaney

CSIRO Land and Water
Waite Rd. Gate 5.
5064 Urrbrae
Australia
++61(-8)-8303 8719
fred.leaney@csiro.au

Barbara Neklapilova

Australian Nuclear Science and Technology
Organisation

Locked Bag 2001

New Illawarra Rd

2234 Lucas Heights

Australia

++612 9717 3987
barbara.neklapilova@ansto.gov.au

Martin Andersen
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Water Research Laboratory

School of Civil and Environmental Engineering

University of New South Wales
110 King St

2093 Manly Vale

Australia

++61 2 8071 9800
m.andersen@wrl.unsw.edu.au

Grzegorz Skrzypek

West Australian Biogeochemistry Centre
School of Plant Biology

Reception Desk at Botany Building

UWA Campus, Hackett Drive Entrance 3
6009 Crawley

Australia

++61 8 6488 4584
grzegorz.skrzypek@uwa.edu.au

Manzoor Choudhry

IAEA

P.O. Box 200

A-1400 Vienna

Austria
+43-1-2600-21758
M.CHOUDHRY@iaea.org

Albrecht Leis

Joanneum Research Forschungsgesellschaft
GmbH

Inst. of Hydrogeology and Geothermics
Elisabethstrasse 16/II

8010 Graz

Austria

++43 (316) 876-1485
albrecht.leis@joanneum.at

Stefan Wyhlidal

Austrian Institute of Technology
Konrad Lorenz Strasse 24

3430 Tulln

Austria

++43 (0) 50550-3615 |
stefan.wyhlidal@ait.ac.at

Christoph Spétl
Institut flr Geologie und Paldontologie


mailto:fred.leaney@csiro.au

Universitat Innsbruck
Innrain 52

6020 Innsbruck

Austria

+43 (512) 507 5593
Christoph.Spoetl@uibk.ac.at

Marcelo Moreira
CENA / Univ S. Paulo
Av. CENTENARIO, 303
13416-903 Piracicaba
Brazil

+55 (19) 3429 4075
mmoreira@cena.usp.br

José Godoy

Instituto de Radioprotecdo e Dosimetria
Avenida Salvador Allende s/n

Barra da Tijuca

CEP 22180 Rio de Janeiro

Brazil

55-21-2442-1927

jmgodoy@ird.gov.br

Paul Eby

Alberta Innovates Technology Futures
#3-4476 Markham St.

V8Z 7X8 Victoria

Canada

++250-483-3290

peby@uvic.ca

Jean-Francois Helie

Universite du Quebec a Montreal
201 Avenue Président-Kennedy
7th floor, room PK-7150

H2X 3Y7 Montréal

Canada

++1 514-987-3000 #2413
helie.jean-francois@ugam.ca

Alvin Kwan

Biogeochemical Analytical Laboratory
2-255, CCIS Building,

University of Alberta,

T6G 2E9 Edmonton

Canada

++780 492-9034
alvin.kwan@ualberta.ca

Stephen Taylor

University of Calgary, Dept of Physics

2500 University Dr. N.W.
T2N 1N4 Calgary

Canada

++1 403 220 8268
steve.taylor@ucalgary.ca

Robert Drimmie

Isotope Tracer Technologies
85 Bathurst Drive, Unit D
N2V 1N2 Waterloo

Canada

++(519) 888-4567 Ext. 32580
bob@it2isotopes.com

Richard Heemskerk
UWwEILAB

C/0O Chemistry Stores
University of Waterloo
200 University Ave. W.
N2L 3G1 Waterloo
Canada
++519-888-456735838
rkhmskrk@uwaterloo.ca

Geoff Koehler

NHRC Stable Isotope Hydrology and Ecology
Laboratory

Environment Canada

11 Innovation Blvd.

S7N 3H5 Saskatoon, SK

Canada

++1 306 975 5778
Geoff.Koehler@EC.GC.CA

Evelyn Aguirre

Laboratorio de Isotopos Ambientales
Comision Chilena de Energia Nuclear
Cen La Reina

Nueva Bilbao 12501, LC, Santiago
Chile

++56 (2) 3646113

eaguirre@cchen.cl

Felipe Rodriguez

Servicio Nacional de Geologia y Mineria
TilTil 1993, Nufioa.

Santiago

Chile

++56 (2) 2385292
fllona@sernageomin.cl
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Zhonghe Pang

Institute of Geology and Geophysics
Chinese Academy of Sciences,
P.0.Box 9825

19 Beitucheng Western Road,
Chaoyang District

100029 Beijing

China

++86-10-82998613
pangtravel@hotmail.com

Lin Zhang

Laboratory of Groundwater Science

Institute of Hydrogeology and Environmental
Geology,

Chinese Academy of Geosciences
92,Zhongshan East Road

050803 Zhengding

China

++311-88012330

zh15369@163.com

Tulio Ruiz-Alvarez

Laboratorio de Calidad Ambiental
"Morrosquillo"

Subdireccién de Gestién Ambiental
CARSUCRECra. 25 No. 25-101 Av. Ocala
Sincelejo-Sucre

Colombia

++57 52749994 Ext.115
tuliorruiz@yahoo.com

Wilson Beita-Sandi

Servicio Nacional de Aguas Subterraneas
Riego y Avenamiento

Ciudad Universitaria Rodrigo Facio,

San Pedro de Montes de Oca

Barrio Cuba

506 San José

Costa Rica

++00506 2511 3323
wilson.beita@ucr.ac.cr

Zvjezdana Roller-Lutz

Medical Faculty, Rijeka University
Stable Isotope Laboratory

Brace Branchetta 20

51 000 Rijeka

Croatia

++385 51 651 210
roller@medri.hr
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Martin Sanda

Czech Technical University in Prague
Faculty of Civil Engineering

K143 Thakurova 7

166 29 Praha 6

Czech Republic

++420 224353739
martin.sanda@fsv.cvut.cz

Roger Bautista-Murcia

ANDA, Laboratorio de Control de Calidad
Boulevard del Hipédromo #609

Colonia San Benito,

El Salvador

++5032247 2533

rbautista@anda.gob.sv

Tonu Martma

Institute of Geology at Tallinn University of
Technology

Ehitajate tee 5

19086 Tallinn

Estonia

++372 62030 10

martma@gi.ee

Tenalem Ayenew

Addis Ababa University

Department of Geology and Geophysics
P.O. Box 2380

Addis Ababa

Ethiopia

++251 1236294
Tenalema@geol.aau.edi.et

Nina Kortelainen

Laboratory for Isotope Geology
Geological Survey of Finland GTK
PO Box 96

02151 Espoo

Finland

++358 20 550 2305
nina.kortelainen@gtk.fi

Alexandre Zahariev

CNRS - IPHC - DEPE

23, rue Becquerel

67087 Strasbourg cedex 2
France

++03 88 10 69 42



alexandre.zahariev@iphc.cnrs.fr

Christine Flehoc
BRGM - ANA/ISO

3 avenue C. Guillemin
BP 6009

45060 Orléans
France
++33238643413
c.flehoc@brgm.fr

Gael Monvoisin

Laboratoire Interactions et Dynamiques des
Environnements de Surface - UMR

8148 Batiment 504 - 3° étage - Porte 326
Rue du belvédere

91405 Orsay

France

++33169157174
gael.monvoisin@u-psud.fr

Christine Vallet-Coulomb

UPCAM - CEREGE

BP 80 - Europole Mediterraneen de I'Arbois
13545 Aix-en-Provence cedex 4

France

++33 4 42971593

vallet@cerege.fr

Sonia Falourd

LSCE

CEA SACLAY

Bat 703 91191
91191 Gif sur Yvette
France
++33169083877
falourd@cea.fr

Nicolas Patris

LAMA - HSM UMR5569 - IRD

Laboratoire d'Analyse des isotopes de I'eau
Maison des Sciences de I'Eau

Université Montpellier 2, CC 57

34095 Montpellier Cedex 5

France

++334 67149031
npatris@msem.univ-montp2.fr

Marina Gillon
Université d'Avignon et des pays de Vaucluse
Laboratoire d'hydrogéologie

33 rue Louis Pasteur

84000 Avignon

France

++33490 14 44 67
marina.gillon@univ-avignon.fr

Freddy Thomas

Eurofins

Site de la Géraudiere

Rue Pierre Adolphe Bobierre
B.P. 42301

44323 Nantes

France

++33 2-51-83-21-00

Kay Knoeller

Helmholtz Centre for Environmental Research
Department Catchment Hydrology
Theodor-Lieser-Str. 4

06120 Halle

Germany

++49-345-558-5433, -5240
kay.knoeller@ufz.de

Matthias Gehre

Laboratory for stable Isotopes (LSI)
Department for Isotope Biogeochemistry
Helmholtz-Centre for Environmental Research
UFZ Permoserstrasse 15

04318 Leipzig

Germany

++49 (0341) 235 2252

matthias.gehre@ufz.de

Paul Koeniger

Leibniz Institute for Applied Geosciences
Geochronology and Isotope Hydrology (S3)
Stilleweg 2

30655 Hannover

Germany

++49 (511) 6432527
Paul.Koeniger@liag-hannover.de

Willy Brandt

Stable Isotope Laboratory
Max-Planck-Institute for Biogeochemistry
Winzlaer Str. 10, P.O.Box 100164

07701 Jena

Germany

++49 (-3641) -643718
wbrand@bgc-jena.mpg.de
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Hilmar Forstel

TUV Rheinland Agroisolab GmbH
Prof.-Rehm-Strasse 6

52428 Jilich

Germany

++49 (0) 2461 93134-0
h.foerstel@agroisolab.de

Hanno Meyer

Potsdam AWI

Stable Isotope Laboratory

Alfred Wegener Institute for Polar and Marine
Research Research Unit Potsdam
Telegrafenberg A 43

14473 Potsdam

Germany

++49 (-331) -288-2115

Hanno.Meyer@awi.de

Barbara Herbstritt

Institut fir Hydrologie

Universitat Freiburg

Fahnenbergplatz

79098 Freiburg

Germany

++49- (0) 761-203-3539
barbara.herbstritt@hydrology.uni-freiburg.de

Andrey Voropaev
Hydroisotop

Woelkestr. 9

85301 Schweitenkirchen
Germany

++49 8444 92890
av@hydroisotop.de

Edward Komla Pappah Bam

Isotope Hydrology Laboratory, GAEC
C/0 Resident Representative

UN Development Programme in Ghana
P.O. Box 1423

Ring Road Dual Carriage (near Police
Headquarters)

Legon Accra

Ghana

++233 244 753 061
evangelbam@yahoo.com

Istvan Forizs
Institute for Geochemical Research

48

Budadrsi ut 45.
1112 Budapest
Hungary

++36 1 319 3137
forizs@geochem.hu

Lazslo Palcsu

Institute of Nuclear Research
Hungarian Academy of Sciences
Bem Square 18/c
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APPENDIX I11. WICO2011 ANNOUNCEMENTS

The following announcements were made through IAEA Website www.iaea.org/water,
ISOGEOCHEM News Group on Isogeochemistry and emails to all participants of the former
intercomparisons.

Announcement of WICO 2011, IAEA Water Isotope Interlaboratory Comparison

The Isotope Hydrology Laboratory of the International Atomic Energy Agency is organising the
fourth interlaboratory comparison for laboratories engaged in stable isotope analyses (**0 & H) of
water samples. The exercise is part of the IAEA Water Resources Programme to promote quality
assurance and to improve the reliability and comparability of stable isotope measurements. Those
willing to join the exercise should confirm their participation by sending the complete postal address
of the participating institution with name of the investigator, e-mail, fax number and homepage (if
available) to the Acting Unit Head of Isotope Hydrology Laboratory with the subject field “WICO
2011”: Manzoor Choudhry, 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. Detailed plan will be provided later.

Progress in WICO 2011, IAEA Water Isotope Interlaboratory Comparison organized by the
Isotope Hydrology Laboratory of Water Resources Programme

In response to our announcement, 173 laboratories have been registered to participate in the fourth
interlaboratory comparison exercise on stable isotope analyses (**0 & ®H) of water samples. The
samples along with covering letter and data reporting sheet have been dispatched to all the
laboratories, which are expected to arrive soon. Electronic version of the data reporting sheet has been
sent to each laboratory and it can also be downloaded from our website www.iaea.org/water. Please
use this data reporting sheet to submit the results for each method used for analysis. The participants
are requested to send the report electronically and a hard copy to the address given below before 31st
August, 2011.

Manzoor Choudhry

Isotope Hydrology Laboratory,
International Atomic Energy Agency,
P.O. Box 100, Wagramerstrasse 5,
A-1400 Vienna, Austria;

Phone: +43 1 2600 21758

Fax: +43 1 26007;

Email: isotope.hydrology.lab@iaea.org
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APPENDIX IV. LABORATORY REPORTING SHEET

FOURTH IAEA INTERLABORATORY COMPARISON
FOR STABLE ISOTOPE ANALYSES OF WATER

4th IAEA INTERLABORATORY COMPARISON FOR STABLE ISOTOPE ANALYSES

OF WATER
Laboratory ID
Laboratory name
Person in charge
Reporting date
Methods:
Analyte | Method Sample preparation/equilibration Analyzer
1
8'%0
3
1
8°H 2
3
Remarks
Results
18 2
Sample | Method 5 O o'H
%0 unc. n %0 unc. n
1
OH-13 2
3
1
OH-14 2
3
1
OH-15 2
3
1
OH-16 2
3
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Individual results

Sample | Analysis 570 S
Method 1 | Method 2 | Method 3 | Method 1 | Method 2 | Method 3
1
2
3
4
5
OH13 5
7
8
9
10
1
2
3
4
5
OH14 5
7
8
9
10
1
2
3
4
5
OH15 6
Z
8
9
10
1
2
3
4
5
OH16 8
Z
8
9
10

Please send this reporting sheet as electronic version to:

Manzoor Choudhry
Team Leader, Isotope Hydrology Laboratory

International Atomic Energy Agency

P.O.Box 100 A-1400 Vienna AUSTRIA

Phone: +43-1-2600-21758/21766 Fax: +43-1-2600-7

e-mail (SMTP) : isotope.hydrology.lab@iaea.org
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Explanations

Field

Information required

Example

Analyzer

Equilibration system

Brand, custom made

Mass Spectrometer

Brand, type (dual inlet / continuous flow)

Laser Spectroscopic
Analyzer

Brand, settings (No. of injections)

Detail of sample
preparation for each
method

Volume of water sample
used

4mL, 10 pL

Transfer

direct, capsule

Reaction (when

Zinc, 2 hours at 500°C, Glassy Carbon at 1050°C

applicable)
Equilibration 4 hours at 25°C
Separation (when GC at 80°C

applicable)

Normalization

Type of lab standards

How are the lab standards calibrated? Using IAEA
VSMOW and SLAP or any other standards

Number of Standards

1-standard or 2-standard normalisation

Values of lab. standards

....%0 vs VSMOW normalized on VSMOW-SLAP
scale

Sequence of samples
and standards

e.g. calibration standardl, 2, control, samplel,2 etc.

Calculations method

formulas / templates

Date of last calibration

Date the lab standards were last calibrated using
VSMOW SLAP GISP

Final results

Average of n
measurements

....%0 vs VSMOW (2 decimal place for "0 and
1 decimal place for 5°H)

Uncertainty

Long term sd of
laboratory standards

...%0 (2 decimal place for 8*°0 and 1 decimal
place for §2H)

Standard deviation of
individual
measurements

...%o (2 decimal place for &0 and 1 decimal
place for 5°H)

Individual results

Results of all single
measurements.

Ratio (**0/*H) vs working standard in case of IRMS

Please attach machine raw data electronically, eg.
LGR: H,O_yyyymmdd.xxx.txt,
Picarro: hbdsxx_isowater_yyyymmdd_XXXXX.CSV
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