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How does sample preparation affect the d15N values of terrestrial
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1 Introduction
The use of stable isotopes in terrestrial ecosystem ecology is
increasing: their great benefit is that they can provide integrated measures of ecological processes over time. Nitrogen
(N) isotopes are used to examine the N cycle and plant–soil
relationships, where d15N values of ecological materials
result from many different and interacting biogeochemical
and physiological processes (Högberg, 1997; Robinson,
2001; Dawson et al., 2002).
Prior to analysis on an isotope-ratio mass spectrometer
(IRMS), samples must be dried and ground. However, there
is no standard procedure for this and researchers often dry
materials at different temperatures. The most common temperature appears to be 60°C (Erskine et al., 1998; Fry et al.,
2000; BassiriRad et al., 2003) but some researchers have
used the relatively high temperature of 105°C (Koba et al.,
2003) whereas others dry samples at the considerably lower
temperature of 40°C–50°C (Hawke, 2001), and some
researchers do not quote the temperature they used (Ostle
et al., 1999). With dual isotope analysis, 15N and 13C can be
measured simultaneously and often carbonates are removed
by acid treatment prior to analysis. Mateo et al. (2008) have
reviewed the effects of sample preparation, and specifically
acidification, on marine samples but there is far less information on preparation effects on soils or terrestrial material (but
see Taylor et al., 1997; Harris et al., 2001). In some cases,
samples have also been ground in liquid N before analysis
(Brearley et al., 2005) and it is questioned if this may affect
15N values if N is taken up during grinding. In this paper,
I therefore examine the effects of drying temperature, acid
fumigation, and grinding in liquid N on the N-isotope values of
soils from two contrasting sites and leaves from one tree species.

2 Materials and methods
Soils and leaves were chosen in an attempt to span the range
of d15N values found in ecological materials. They were (1)
serpentine soil from Croagh Patrick, Co. Mayo, Ireland
(53°46′ N, 9°39′ W), (2) soil from Robinson Ridge in the

Windmill Islands region of Antarctica (66°16′ S, 110°33′ E),
and (3) leaves from Cyrilla racemiflora L. (Cyrillaceae) from
the Blue Mountains in Jamaica (18°05′ N, 76°39′ W). Soils
from Ireland were air-dried shortly after collection and ground
in a pestle and mortar to pass a 0.5 mm mesh. Subsamples
which were not further treated were considered controls.
Other subsamples were lightly reground in liquid N. Further
subsamples were dried in a drying oven at 40°C, 60°C, or
105°C for 24 h. These were then weighed accurately into tin
capsules for analysis on an IRMS (see below). Subsamples
for acid fumigation were weighed into silver capsules, and
carbonates were removed using the method of Harris et al.
(2001) by moistening them to field capacity, exposing them to
12 M HCl vapour for 24 h, and then air-drying them. There is
no evidence that capsule material affects the isotope ratio
(Bosley and Wainwright, 1999). Antarctic soils were sieved to
2 mm, frozen at –20° C for 7 y, and then air-dried. Subsamples ground to pass a 0.5 mm mesh were considered controls. Other subsamples were treated as the controls, then
lightly reground in liquid N or dried at 40°C, 60°C, or 105°C
for 24 h before being weighed into tin capsules. Leaves from
Jamaica were taken from the canopies of three trees and
dried at 50°C for 1 week. They were then cut into small
pieces (approx. 1 cm2) and mixed thoroughly. Controls were
subsamples which were ground in a Fritsch Pulverisette ball
mill and weighed directly into tin capsules. Other subsamples
were ground in liquid N or ground in a ball mill and dried at
60°C or 105°C for 24 h before being weighed into tin capsules. All samples were analyzed using a ThermoFinnegan
Deltaplus IRMS interfaced with a CE Instruments 1112 Flash
elemental analyzer via a Conflo III. Nitrogen-isotope ratios
are expressed as delta (d) notation which is the per mille
deviation from atmospheric N: d15N (‰) = [(Rsample / Rstandard)
– 1] × 1000 where Rsample is the 15N : 14N ratio of the sample
and Rstandard is the 15N : 14N ratio of the atmospheric-N standard. L-alanine was run as an internal standard; precision (one
standard deviation) of repeated analysis of this standard was
0.12 ‰. One-way ANOVAs followed by Dunnett’s (1955) test
were used to analyze differences between treatments and
controls. There were three replicates of each treatment in
every case.
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3 Results
The overall mean d15N value for the soils from Ireland was
4.0‰. All treatments led to a reduction in the d15N values
when compared with the control. This was statistically significant for grinding in liquid N and heating at 60°C and
105°C where the reductions were approx. 1 ‰ (F5,12 = 7.31,
p = 0.002; Fig. 1a). The Antarctic soils had high overall mean
d15N values (21.4‰) as they have been historically enriched
in 15N through penguin excrement (Wasley et al., 2006).
Heating at 60°C (but not at 105°C) led to a significant reduction in the d15N value by approx. 0.6 ‰ (F4,10 = 4.48,
p = 0.025) despite the large variation following this treatment.
Grinding in liquid N led to a small (nonsignificant) increase in
d15N (Fig. 1b). The leaves from Jamaica were depleted in 15N
(overall mean = –4.3‰). Heating at 60°C and 105°C led to a
reduction in d15N values by approx. 0.75 ‰ (F3,8 = 7.42,
p = 0.011). Grinding in liquid N led to a (nonsignificant) reduction in d15N values (Fig. 1c).

4 Discussion
These results show that a number of pretreatments of ecological materials for d15N analysis affect the 15N : 14N ratio. The
greatest effects were seen for drying at 60°C and 105°C and
grinding in liquid N. However, these effects were not always
consistent among samples as only heating at 60°C had an
effect on all three. The change of 0.6‰ to 1.0‰ following pretreatments is considerable given that most ecological materials fall within a range of –5‰ to +5‰. Furthermore, a change
in d15N of 0.04‰ can represent a 10% change between reactants and products (Peterson and Fry, 1987), therefore these
changes are likely to be ecologically meaningful.
The most consistent effect was seen for heating at temperatures >60°C which led to reductions in d15N values. This is
most likely due to selective removal of 15N-rich compounds
such as proteins or amino acids (Ostle et al., 1999). DeNiro
et al. (1985) found heating had a large effect on bone N-isotope ratios (depletion of up to 4‰ after heating at 200°C); in
contrast, Taylor et al. (1997) did not find drying temperature
(40°C–105°C) to affect the d15N values of fruiting bodies of
four species of fungi, again showing that this reduction in
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d15N is not always consistent. There was less effect of heating on the Antarctic soils, perhaps because they had been
stored frozen and may already have lost 15N-enriched compounds. Whilst the most common temperature for drying
materials appears to be 60°C, I show here that drying at this
temperature or above is likely to have an effect on the d15N
values of plant and soil materials.
Grinding in liquid N led to a reduction in the d15N value of the
soils from Ireland. This might have resulted from uptake of N
from the liquid N if it was depleted in 15N (although no data
are available); however, this is probably not likely as grinding
in liquid N led to a (nonsignificant) increase in the Antarctic
soils. Feuchtmayr and Grey (2003) showed that freezing had
an effect on d15N although, in their case, there was an enrichment in 15N (liquid N did not come into direct contact with their
samples). Physical disruption of plant or microbial cells may
lead to a loss of nitrogenous compounds via leaching when
thawed. My results therefore call into question the validity of
grinding material in liquid N as has been done in some
studies or, perhaps, storage in this medium if not protected,
e.g., by plastic vials.
In some cases, it may be helpful to remove carbonates by acid
fumigation for reliable d15N analysis in low-N, but carbonaterich, soils because during analysis of such soils there is often a
shortage of oxidation in the IRMS combustion tube producing
CO which has the same mass as N2 and therefore interferes
with the N peak (R. Goodhue, pers. comm.). Only the soils from
Ireland were acid fumigated and showed a (nonsignificant)
decrease in d15N—perhaps due to an improvement in the N2
peak following fumigation. This broadly agrees with the results
of Kennedy et al. (2005) who found that acidification sometimes
decreased the d15N value of marine sediments, but this was
dependent upon the acid used and its molarity. In contrast,
Harris et al. (2001) found that acid fumigation increased the
d15N value of soils, but only significantly in one of the four soils
they studied; samples with greater carbonate content also
showed a greater d15N increase following acidification in the
study of Jacob et al. (2005).
In conclusion, I show that samples for d15N analysis should
not be dried at >60°C or ground in liquid N as these can affect
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Figure 1: Nitrogen-isotope values (d15N) for three sample types after grinding in liquid nitrogen (LN), acid fumigation (AF), and heating at 40°C
(40), 60°C (60), or 105°C (105) for 24 h, relative to a control (C). Hatched bars are significantly different from the control according to Dunnett’s
test with p < 0.05. n = 3 for all treatments.

 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.plant-soil.com

J. Plant Nutr. Soil Sci. 2009, 172, 461–463
the d15N signature to a significant degree. The effect of sample acidification is less clear but its use is not recommended
unless samples are required for carbon-isotope analysis as
some samples show a change in d15N values.
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