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Abstract. In this opinion paper a short overview is given of the methods by which the stable isotope ratios of
water are determined, ranging from the classical equilibrium technique for S18O and the Uranium-reduction
technique for S2H to the recent innovative continuous flow work. Then the extensive IAEA "GNIP" database is
used to show that the overall intercomparison quality of water isotope measurements "in the field" is still not
satisfactory at all, and has not really improved in the last decade. Some suggestions are made as to what are the
main causes for this situation, and what can be done to improve the situation.

1. OVERVIEW OF TECHNIQUES

There is no doubt that isotope ratios of water are very important tools in a multitude of applications.
The ratios concerned are those of the stable isotopes 18O (81SO), 2H (82H) and also 17O (S17O), and the
radioactive tritium (3H). The latter isotope is actually the reason why IAEA got involved in the
(stable) isotope ratio scientific community in the first place. Nuclear bomb tests in the early sixties
increased the tritium content of precipitation by a factor of 1000. Driven by public health concerns,
the IAEA started a monitoring network for isotopes in precipitation (originally only for tritium) that
gradually extended into the present-day GNIP-network (Global Network for Isotopes in Precipitation
[1]). Furthermore, the IAEA got involved in reference material development and maintenance as well.

Measurements of the stable isotope ratios in water are traditionally rather cumbersome, especially for
S2H. The traditional method for 62H isotope ratio determination is based on total reduction of H2O to
hydrogen gas, using a hot uranium surface [2].

The method offers a reasonable precision (if well-performed) of l-2%o, and the quantity of water
needed is small (typically 10 |il). Disadvantages are that it is a slow and laborious method, and very
hard to automatize. The total preparation usually suffers from memory effects, caused both by the
uranium surface and the glass surfaces present. Finally, uranium is very poisonous and radioactive,
giving rise to many necessary precautions and regulations. Because of this last disadvantage,
researchers have attempted to use other metals, such as Zn, Mn and Cr, with varying success.
Especially Zn has been attempted by many laboratories, and results seemed to depend heavily on the
quality of the Zn, but such that it is still disputed exactly what qualities do matter.

For S18O on the other hand, Epstein and Mayada designed the so-called equilibrium method [3], in
which water is brought into contact with an amount of CO2 gas. Through the carbonic acid reaction:

H2
18O + CO2 <=> H2CO3 <=> H2

1<50 + C16O18O (1 )

isotopic equilibrium is formed. This does not mean, however, that in equilibrium the 818O of the water
and the CO2 are identical, but rather that there is a temperature-dependent difference between them.
This implies that the method requires well-stabilized temperature conditions. If this is done carefully
the CO2 resembles the original water but for a constant factor, and thus this CO2 can be used for the
818O measurement.

If performed well, precisions exceeding 0.05%o can be obtained. The typical amount of water needed
is 1 ml, which is only a problem in a selected class of applications. Preparation machinery for batches
of water samples using this equilibrium technique are commercially available. One disadvantage,
although this is generally not thought to be problematic, is that S17O cannot be measured using this
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preparation technique. In this case the 17O isotopic equilibrium will also be reached, but S17O cannot
be measured in the CO2 gas due to the mass overlap of 12C17O16O with the much more abundant
1 3 1 6

2 .13C16O2.

hi the light of the above, it is logical that especially for 82H there is a continuous search for new
techniques that overcome some or all of the disadvantages of the uranium system.

Horita and Gat [4], and Coplen et al. [5] reported about the successful implementation of the catalytic
equilibrium technique for hydrogen:

(Pt)
H2 + HDO <=> HD + H2O (2)

This method resembles the oxygen equilibrium method very much. In fact, both equilibria can be
accomplished sequentially with the same amount of water, and in the same preparation set-up (and
automatically!). The typical amount of water needed is, again, about 1 ml. A big disadvantage of the
method is the extreme fractionation that exists between the 52H of the hydrogen in the water and that
of the hydrogen gas: in equilibrium this fractionation amounts to about -700%o. This fractionation is
extremely temperature dependent, so a very good (and reproducible) temperature stabilization is
necessary. The second disadvantage is that the hydrogen gas coming from this equilibrium contains
almost a factor of 4 less 2H, and thus the (already low) signal for mass 3 is further decreased. This
gives rise to noise problems, but much more critical is the increase (by a factor of 4) of the relative
importance of the H3+ contribution for which a correction must be made. Despite these disadvantages
reported precisions are rather good: <l%o.

An alternative for the 1SO equilibrium method, that enables the 817O measurement as well, is proposed
by Meijer and Li [6]. They produce oxygen gas from water by electrolysis. This oxygen can then be
used in the IRMS for 517O and S18O measurements. About 1 ml of water is necessary, the precision is
comparable to the equilibrium method, and automation is relatively easy. Disadvantages are as
follows: the extra preparation step of electrolyte admixture, the regular replacement of one of the
electrodes, and above all the frequent, cell-specific calibration that is necessary. The primary
advantage, the additional measurement of 817O, is of use to specific branches of research.

A major change in preparation and measurement came about by the introduction of the continuous
flow IRMS systems. These machines can perform measurements with orders of magnitude less
sample, although at the cost of precision. Several groups have used these new instruments for the
miniaturization of existing (HD) preparation techniques, using U [7], Zn [8] or Cr [9].

However, the most innovative step came when on-line pyrolysis was introduced in the CF-IRMS
preparation line [10]:

H2O + C -* H2 + CO (3)

Preceding this important step, the problem of HD (mass 3) measurement in the presence of an
overwhelming abundance of He had to be solved. Tobias et al [11] used a palladium filter, which was
permeable for hydrogen, but not for helium. Presser and Scrimgeour [12] used a specially designed
analyzer in the IRMS (with a larger dispersion). Hilkert et al. [13] also adapted the IRMS, but now
with retardation filtering preventing the "tail" of He to enter the mass 3 cup.

The method is still relatively new. It allows very small sample sizes (a few ul), easy automation, and
measurement of S2H and S18O on a single sample of water. At this stage there is not yet enough
experience with (longer term) precision, eventual fractionation effects during the pyrolysis reaction,
influences of traces of CO2 formed, etc. First results look promising.
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Still, principal problems remain. In all techniques mentioned, there are different reaction pathways
leading to the S2H and 618O measurements. Even with pyrolysis, two gases are formed on which these
measurements are sequentially being done. This can lead to different drifts, calibration problems,
incomplete reactions for one of the isotopes, different scale contraction problems [14], etc.

2. INTERLABORATORY COMPARISONS

In spite of accuracy claims (which are sometimes exaggerated, unfortunately), the situation "in the
field" is not at all satisfactory at the moment. Recently the IAEA organized a new and extensive ring
test in which ~ 80 laboratories co-operated (ones that are participating in the GNIP network), in which
all labs had to determine the 62H and S18O of 4 different waters [15]. The labs were instructed to
report these waters on the VSMOW-SLAP scale, so calibrated to VSMOW, and normalized using the
assigned values to SLAP.
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Fig. 1. Histograms showing the results of the ring test organised by the IAEA among « 80 labo-
ratories for the $8O analysis of four waters, OH-l-OH-4 (A-D). Apparent "outliers" have been
removed (12 per plot for 3s O). The typical interlaboratory spread (2a) is ±0.25%o, and specially for
OH-3 and OH-4, the histograms show a deviation from a random Gaussian distribution, such that
deviations of± 0.4 %ofrom the average value are still not rare.

Fig.l a-d shows the results of this ring test for 518O, Fig. 2 a-d for 82H. Before making these plots,
apparent "outliers" have been removed (about 10 for each plot)). As can be seen, the typical
interlaboratory spread (2a) is ±0.25%o for 818O, and ±3%o for S2H. These results in fact give an
alarming message about the use of the GNIP database, in which many laboratories participate. It
means that on combining records from different laboratories, offsets in the range mentioned above can
be expected. Furthermore, the spread in Figs. 1 and 2 can also be interpreted such that it is a measure
for the calibration accuracy of all the GNIP records over time. If a laboratory was in this ring test on
the "low" side of the averages, there is no guarantee at all that this has always been the case.
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Fig. 2. As shown in Fig. 1, but for êH. (8 outliers per plot have been removed). The typical
interlaboratory spread (2a) is ±3%o for êH. Also for êH, deviations from a random Gaussian
distribution can be observed. For a extended discussion of the ring test results, see [15].

What is clear though, is that if a laboratory performs too low on one of the waters for one of the
isotopes, that it generally does so for the other waters for this isotope as well However, there is no
correlation between the isotopes. (For a complete report on this ring test, in which a considerable part
of the spread is attributed to infrequent or not well-performed calibration and normalization
procedures, see [15].)

The situation gets especially problematic for the calculation of the so-called deuterium excess:

d = 8ZH- 8 • S1SOIS/- (4)

Since errors in 82H and 818O generally do not correlate, the error in d is still larger. Fig. 3 a-d shows
the deuterium excess deviations for the four waters from the ring test. The spread has increased to
almost ±4%o (2a), again interprétable both as being the interlaboratory spread, and the time-variability
of the calibration of one record over the years.

If we plot an example from the GNIP database, the comparison of deuterium excess for the GNIP
stations Valentia (Irish west coast) and Groningen (Netherlands), in Fig. 4 (both the smoothed trends
over the years, and the average seasonal cycle), we have to keep the spread of Fig. 3 in mind while we
interpret the findings. The measurements have been performed by two different labs, and thus a
calibration offset of for example 5%o would be possible. This means that the "obvious" result of the
comparison of Valentia and Groningen, namely that the d-excess at the Irish west coast is lower than
at the coast of the continent, cannot be deduced with high confidence from the GNIP database!
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Fig. 3. Histograms for the deuterium excess d, computed from the ê8O and $H results in figs. 1
and 2. Since the deviations of specific labs for 3s O and êH are generally not correlated, the spread
of d is larger than for o^H (or 8 x ôiS0) itself. Results of these histograms should be kept in mind
when using data from the GNIP database.
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Fig. 4. Example of use of the GNIP database [1]: the deuterium excess of the GNIP stations
Groningen (black lines) and Valentia (Ireland, gray lines). A) Smoothed long-year trend of d for the
two stations. B) Average seasonal cycle for the two stations over the period 1981-1994. If compared
to Fig. 3, one must conclude that the difference between Valentia and Groningen is still in the range
of inter-laboratory spread (although the persistance of this difference over 3 decades increases
its likelihood).
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Fig. 5. The oH results for the four waters of the IAEA ring test (cf Fig. 2), now with the used
techniques as parameter (Cr is reduction using Cr, Pt-Eq. catalytic equilibrium, U reduction using
Uranium, and Zn using Zinc, the method labelling is rather crude, since no further split-up between
off-line preparation-dual inlet and on-line continuous flow has been made) No method seems to be
performing better than another (only Zn seems to be worse).

More, interesting information can be extracted from the ring test results. Fig. 5 a-d shows the 52H
results for the four waters versus the technique used (Cr is reduction using Cr, Pt-Eq. catalytic
equilibrium, U reduction using Uranium, and Zn using Zinc). Although the method labelling is rather
crude (no further split-up between off-line preparation- dual inlet and on-line continuous flow), the
overriding message is that no superior method exists (only Zn seems to be worse).

In my opinion, the majority of problems are caused by scale contraction problems, i.e. the calibrated
(but not yet normalized) values that various laboratories measure for SLAP show a very wide range.
Fig. 6a shows the results for SLAP from the ring test performed by the IAEA during which SLAP has
been assigned its values [16]. Values for SLAP vary between -395 and -441%o. Fig. 6b shows the
results for 818O for SLAP from the same ring test; values vary between -54.0 and -56.2%o. The
situation has not really improved in the mean time: the "Isogeochem" ring test performed by Brand
and Coplen [17] in which, as a side-result, SLAP measurements were collected, still shows a similar
spread (Fig 6c).
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Fig. 6. The results for SLAP from the ring test performed by the IAEA during which SLAP has been
assigned its values [16]. (A) ?2H values for SLAP vary between -395 and -441%o. (B) ?18O values for
SLAP vary between -54.0 and -56.2 %o. (C) ?"Hvalues for SLAP, being a side-result from the pure
hydrogen ring test performed by [17]. The spread in values has not decreased compared to the 1984
ringtest (A) fifteen years earlier.

3. CONCLUDING REMARKS

Laboratories likely have serious problems if they are finding unnormalized 82H values for SLAP that
deviate from the assigned values than by more than ~10%o. This information should not be ignored or
"fixed" by just "normalizing" it away, as there is no guarantee that such vastly deviating values will
stay constant, nor can it be assumed that the correction is linear. For 518O one should even be more
strict, and put the limit of acceptable values at ~ 0.5%o.

Even more, laboratories should do their utmost to find unnormalized values for SLAP already as close
to the assigned values as possible. This will make (1) correction factors much smaller and less
significant, (2) temporal variations in the correction factors less important, and (3) the question
whether the correction is linear less relevant. Therefore I plead for always explicitly publishing the
unnormalised values for SLAP as well, both for 52H and 518O.
As is illustrated and discussed above the intercomparison between laboratories for water isotopes is
still unsatisfactory. There are no indications that the new methods discussed above will get rid of, or
even reduce these problems. I attribute the majority of the problems (if we leave sloppiness out as a
possible cause!) to the fact that 82H and 818O are prepared as two different substances. The direct
measurement of 82H and 818O on water itself has the possibility of eliminating these problems and, in
principle, produce more reliable S2H and 818O, and especially deuterium excess results. Another
contribution to this TECDOC [18] describes the first steps towards this goal.
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