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The isotopic composition of nitrate is increasingly used to determine sources and transformations of
nitrogen in terrestrial and aquatic ecosystems. Oxygen isotope ratios of nitrate appear to be particularly
useful, since they allow the delineation of nitrate from atmospheric deposition (518Onitrate between +25
and +70 %o), nitrate from fertilizers (518Onitrate +23 %o), and nitrate derived from nitrification processes
in soils (518Onitrate < +15 %o). For the latter it is assumed that two of the oxygens in the NO3" molecule
derive from H2O (with negative 518O values dependent upon location) and one oxygen derives from
atmospheric O2 (518O = +23.5 %o). The objective of this study was to experimentally determine the
extent to which water oxygen controls the 618O value of nitrate, which is formed during nitrification in
soils.

A laboratory incubation experiment was conducted in 1997. Two different forest floor horizons with N
contents of 1.0 ± 0.1 % (> 99 % as NOre) were irrigated over 16 weeks with deionized water in five

in

different treatments with 5 Owater values ranging from -8 to +60 %o. The dissolved nitrate in the
weekly collected percolation water was generated exclusively by soil nitrification. The NO3" was
converted into AgNO3 and analyzed for its 515N and 518O values.

The mean 518O values of the irrigation water and of the newly formed nitrate are displayed in Fig. 1.
The 518Onitrate values varied between +7 and +46 %o dependent upon the oxygen isotope composition of
the irrigation water. The oxygen isotope ratios of the dissolved nitrate increased with increasing
S Owater values in both experiments. For forest floor B, a significant linear correlation between the
mean 518O values of the irrigation water and those of the generated nitrate with a slope of -0.6
provided evidence that two oxygen atoms in the newly formed nitrate were derived from the ambient
water. For forest floor A, 518O values of the formed nitrate were also correlated significantly with the
518O values of the irrigation water, but the slope was ~0.4, indicating that only 40 % of the nitrate
oxygen was controlled by water oxygen. Since die environmental conditions in both experiments were
identical, we propose different nitrification pathways as the major reason for the differences in the
observed 518O values of the newly formed nitrate.
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Independent upon the actual reaction pathway, an overall isotope fractionation of +6 %o for the
incorporation of water and atmospheric oxygen into the newly formed nitrate was observed in the
laboratory experiments. The obtained results suggest that nitrate, which is generated by nitrification in
soils with 5180Water values ranging between -12 and -5 %o, has 5I8Onitrate values between +4 and
+13 %o. This is a wider range than previously anticipated. Quantitative assessments of contributions
from different nitrate sources based on the oxygen isotope ratios of NO3" (e.g. Durka et al., 1994)
appear, therefore, more problematic than previously thought.
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Fig. 1: Mean 618O values for the irrigation water versus the mean 518O values of the newly formed
nitrate during a laboratory incubation experiment.
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