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1. INTRODUCTION

The IAEA Isotope HydrologyLaboratory organized the fourth interlaborat@gmparison
exercise for laboratories engaged in routine analysis of hydrogen and oxygen stable isotope
composition of water samplé@s 2011 Threesimilar exercises were carried out in 1995 [d]

1999 [2]and in 2002 [3]However, the tradition of IAEAvater stable isotop@terlaboratory
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; éke data were used to calibrate the newly produced
primary reference materials VSMOW and SLAP.

The WICO2Q1 exercise was announced iRebruary 2011 on the internet, via the
ISOGEOCHEM news groupfdsogeochemistry4] and by email to all participants ofeh
former intercomparisons.

Altogether174 laboratoriesshowed interest to participate in the exercisrirfvater samples
prepared and calibrated at the IAEA Isotope Hydrology LaboraterglabelledIAEA-OH-

13to IAEA-OH-16, which arereferred to in this report as G8to OH-16. By the end of the
reporting deadlinetiie end ofAugust2011) altogetherl 37 laboratories fronb3 countrieshad
submittedl 72 datasets back to the IAEA on the oxygen and hydrogen isotopic composition of
thesewater samples.

The four water samp’ e afHivallies typical forethe majority of o f
natural waters. The samples were bottled f8thh. stainless steel storage barrels i86mL
secuely-capped brown glass bottles, serially numberati@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 reportfor each laboratoryThe ID code is not related to the order of the list of
participating laboratories. The identity of participating laboratories will not be revealed unless
eachlaboratory explicitly agrees o so

2. SAMPLE PREPARATION A ND REFERENCE VALUE S

Waters collected from different areas were used to prepare four water samples for this
intercomparison exercis@. brief description of these waterspsovidedbelow.

OH-13: Lake water from the shoreline dhe lake Neusiedl, a shallow endorheic basiame
Vienna, Austria. Fiftylitres were filteredwith a5 pum filter and subsequently distilled using a
Barnstead MPG6A laboratory distiller.

OH-14: Commercially bottled water from the Moree wells in the great artesian basin in
Australia. The water was nottéred or distilled.

OH-15: Commercially bottled water from the Libyan -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 wateen be seeim Table 1

C«



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

Name pH Conduct. uS/cm Visual Odaur
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. 3lainless steel drumsnder

slight argon overpressure. The containers are equipped with a special water extraction system
allowing sampleso be drawrwithout exposition to atmospheric aihusavoiding any risk of
evaporation/contamination. A detailed descriptiorthef system is availablat http://www-
naweb.iaea.org/napc/ih/index.html

The water was distributed in 30 mL brown glass bottles, using an adapted Brand®@ojpottle
dispenser and a concentric douplpe nozzle, flushed with argon g&ottles were capped
securely andabelledwith asample name and filling sequence number.

The four water samples were armsgfor 00  a AHlat thie Isotope Hydrology Laboratory
by a dual inlet isotope ratio masgectrometer (Finnigan Delta plus) equipped with qd&
equilibration unit( f ¢%0 @ rfH), and four laser based liquid water isotope analyzers
(LWIA), three LGR and one Picarrd’he mean isotopic values determined by mass
spectrometer along with assated standard uncertaintiegor a single measurement at the
1 tlevel (Table 2)weresentto the participating laboratorigsitially as reference value$he
mean values and uncertainties are derived fnanocepted individual measurements as stated

in t he

col

umns

Snumber

of

anal yseso

(number

TABLE 2. Isotopevaluesfor the four WICO2Q1 water samples as determinediat IAEA
Isotope Hydrology Laboratorystandard uncertaintyf or a
level. The number of acceptedluesto derive the mean value is reportéioe(humber of the
rejected values in brackets).

single

anal ysi s

Sample ueo PH
mean standard | number of mean standard | number of
value deviation values value deviation values
[ &] 18 [ [ a] 104 [
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 performatice lvess

in the last intercomparison exercise, WICO200&vingcumulativedeviations forii®0 and

a .&or dhis purpBse, dheir resdts ip ¢he 20illv e | y

PH |

ess

t han

0. 2
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http://www-naweb.iaea.org/napc/ih/index.html.
http://www-naweb.iaea.org/napc/ih/index.html.

exercise were processed according to the statistical metirod&led in the subsequent
section and the reference valuessirewnin Table3.

TABLE 3. Isotopereference valuefor the four WICO2011 water samples as determined by
exercise with

the twelve laboratories which had best performancethe WIC0O2002

cumulative deviations fai'®0 a AHdoflte ss t han 0.2 & and 2.
Sanple uo H

mean standard | number of mean standard | number of

value deviation values value deviation values

[ a] 1a 4 [ ] 10 [
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 PRESE NTATION OF THE REPOR TED DATA

All the individual results ofd*®0 and d®H submitted to the IAEA by the participating

0

laboratories are listed IAPPENDIX I. The list of participating laboratories is presented in

APPENDIX II. The WIC0O2011 announcement and the Laboratory Reporting Sheet used in

the exercise are presented in APPENDIX Il and APPENDIX IV, respectively.

3.1. Statistical methods

Statistical analysis of the submitted results was undertaken with the major objectigeds as

the performance of individual laboratories (precision and accuracy) with respect to the

referencel™®0 andd®H values for thenalyzedour samples.

To reach this goal, a twstage statistial treatment, adopted in previous IAEA interlaboratory
exercises of similar nature [15], was applied to the entire population of submitted results.
All data evaluation and outlier determinatiorer& performed with commerciaEXCEL
spreadsheet prograne

The twostage statistical treatment:

v

a,

In stagd of the statistical treatment, obvious outliers were discarded based on the frequency

distribution of values: after determination of the uppey)(&hd lower (H) quartiles, as well
as the interquartile rge (H,-H.), values exceeding j+ 3.0-(H,-H.) and H -3.0-(Hu-H,)
were discarded. The provisional mean compiled after s$tages further used for the

stagell-outlier-rejection procedure.

In stagel of the evaluation process, the remaining results were assessed for each laboratory

through examination of the difference between the reported isotope resntl the
provisional meam of stagel, divided by the standard uncertaindyquoted ly the given
laboratory. The results for which the ratio-h)|/s was larger thartwo were discarded,
implying a significant deviation from the expected concordance of results. This procedure



identified those results which were seriously overestimatingriisasuremenégrecision.

In the final step, the weighted average was calculated by weighing the individual results by
the reciprocal of the quoted variance:

D]

<
1
i

1)

Q:s

'l

The estimated standard uncertainty of the mean (ese) was calculatedingcdo the
following formula

(2)

sz=12 7 3 3)

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, averag#®f andd’H valuesfor the
samplesalongwithassoci at ed st an-tbeelradd trttetal numben ofdats at
were detanined are providedn Table4.

TABLE 4. Average isotope values as determined by all participating laboratories for the four
WICO2011 water samples.

Sample U0 H
mean standard | number of mean standard | number of
value deviation values value deviation values
[ a] 10 | [ a] 10 |
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 -7849 1.39 160
OH-16 -15.46 0.28 167 -114.99 1.76 160




Long term laboratory uncertainties were providedohiy 45 laboratoriestherefore stage I
(a) standard deviations associated with present

evaluation vas undertaken using:

measurements, (Imaximum of the measurement and long term standard deviationable
5 the average values for the four samplespaoeided as evaluated from all dasabmittedby
participating laboratories usingeasurement standard deviationsthe evaluation scheme
discussed in the previous sectiofhe results obtained by using the measurenant
maximumand long term standard deviations are depictetialie 6. Both thetablesprovide
average
laboratory valuestlie number of rejected laboratory valuissin brackets In the first case,
some results with good accuracy were rejectedtage 1l due taverestimategrecision

t he

v al

ues

and

a degeband tletnaember of caaptdda r d

thereforeTable6 better represents tleensasusvalues.

TABLE 5. Weighted average of accepted isotope values of all laboratories for the four
WICO2011 water samples on the basisrgbortedmeasurement uncertainty. In the column

0 numbwa | e sunber of rejectedhluesis stated in addition in brackets.

Sample o PH

mean standard | number of mean standard | number of

value deviation values value deviation values

[ &] 104 [ { (rejected) [ &] 18 [ | (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-epuitedmeasurement

uncertainty. | n tvlae utieesnbrberrof rejectedailesis statedin
addition in brackets.
Sample o H

mean standard | number of mean standard | number of

value deviation values value deviation values

[ 4] 10a [ { (rejected) [ 4] 134 [ | (rejected)
OH-13 -0.97 0.12 140(26) -2.73 0.91 123(36)
OH-14 -5.59 0.11 13928) -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) -114.8 0.76 119(41)
The submitted | ab o¥maredisted infaearin APRENDIX b with o r

columns listing first the assigned laboratory identification number @bj,equipmentused
(mass spectrometer, LGR laseralyzer Picarro laseanalyzerand in the following columns
several laboratory parameters: the indication of a performed VSMOW/SLAP calibration

u

d



along the WICO201 analyses, the number of laboratory water standards used for daily
calibration and the amount of water and duration of the water&g@ilibration. In thenext
columns the submitted mean values -lewelark asso
reported for samples GH3to OH-16. The grey shaded results were rejected in the statistical
evaluation and were not used to calcutateweighted averagels the following four figures
(Figs 1 to 4) these data are displayed graphically ash&pe plots versus laboratory
identification numbes sorted by increasing numerical values with uncertaiqpiesidedhere

at t-lbvel. Qutliershaving biases withespect to reference values greater than 2 tthrees
sum of the standard deviations associated with the individual résudtsimum)and the
ref er enc e-levebate marlsed ia the figudes with open symbols. The reference value
and its standard uncet a i n ileyel agetindi@aid in each figure as horizontal lines.

Similarly t’ esulsarb listed iffable A2lin APPENDIX |, with columns

listing assigned laboratory identification number (IBfjuipmentused(mass spectrometer,

LGR laser analyzey Picarro laseranalyzey; and several laboratory parameters as the
indication of a performed VSMOW/SLAP calibratiolong with the WICO2@.1 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 uncertaintes devel are reported for
samples OHL3to OH-16. In Figs 5 to 8, these data are displayed graphically esh&pe plots

versus laboratory identification numbBesorted by increasing numerical values. Outliers as
defined above are marked in the figures with open symbols.

A large spread of uncertainties is visible in ffigs 1 to 8; for a considerable number of
laboratories the uncertainties are of such an ayfleragnitude, 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 bla isotopes in water samples and was not limited to isotope
hydrology laboratories.

A different display of 2H/H®plos.aThese ptbts ara quitess p r ¢
useful to visualize the spread of hydrogen and oxygen data provided for anggmple. In

Figs. 9to 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 eiscle wi t h associ ated wunc
level). The squared symbol marks the reference value and its uncertaintyafdee?.

Several values could not be displayed in the plot at the chosen scales, but all the four plots
cover a si mJalleaWitharangegoél.2b f anmidi XZach) . 't is wol
note that the average values for all laboratories are not much diffevpemthe reference

values. For OHL 3 s a mp I*® js slightlyl biased) while for O16 sampleb o t 'fO U
andHateslighybh s ed t owar ds -valuesrversusitieegefetence \alues.
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3.3. Performance rating

In orderto obtain information on relative performanoé the participating laboratorieshe

results were processed they werein thelast IAEA exercises [2, 3JAn obvious measure for

the accuracy of a result is the deviation from the respective reference value. Since the
measurement process for all four sésps the same and the precision of measurements should
theoretically nobe stronglyd pend e nt o n -vdlues, the faurasantple results cain be
treated as providing independent tests for the accuracy of measurements in each laboratory. In
Fig.13t he cumul ative deviati on f *Ooresults b displayedf er e |
asa stack plot for each laboratory. A value equal to the reference value therefore has a value of
zero 090 a c glie="00.60%0ceenc). The laboratories are sortéd order of
increasing absolute cumulative deviatidnsimilar approach was used fonmulative deviation

from the reference value for all folfftH measurements and is showrFig. 14.

Deviations of the reported valuésom 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 uncertaintjésereforereportedmeasurement uncertainties were used

in such case The cumulated deviatioof (%0 valuesfrom the reference values for all four
values is plotted irFig. 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 ér thos
laboratories (deviationthat aremuch larger than expected). On the other hand, columns being
lower than the black linendicate @& excessivelyconservative approach in uncertainty
evaluation af particuladaboratory (real precision and accuracy brdtten assumed). A similar

p | ot °H measurements is providedfig. 16.

For overall of laboratory performancassessmenof b ot O Ua n d *Hf laboratody
deviations as displayed iRig. 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
¥H was combined wiOhthe dattemdata deing ahudtipliad by @ factoriof
eight to weigh the deviationsat a similar level. The resulting numeal value foreach
laboratory provides an indicator for laboratory deviation from reference values for the four
distributed samples. A smaller value can be interpreted as better coriaegporitie reference
values. Those data are displayedig. 17. Laboratoriesvhich onlya n a | y¥ e 0°H é&ré
displayed separately at the right side of the plot. Such a performance indicator is somewhat
arbitrary, as it combines different and independent measurements perfoutséte of the
routine modus and prades only a snapshotf daboratory 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 withprevious exercises

In order to compare the performance of the laboratories which participated in WICO2002
and/or WIC01999, cumulative deviations from the reference sdlue r a I"®0 anfitBHu r U
resultsare plotted in the form of bar charts (§id8 and 19). Most of the laboratories have
improved the performance compared to the previous exercises.
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FIG.13.De v i a t fooesult®viersus reference values for all four samples anabyzedch laboratory and sorted by increasing deviation
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