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The 15N2-tracer assay [Montoya et al. (1996) A simple, high-precision, high-sensitivity tracer assay for N2 fixation.
Appl. Environ. Microbiol., 62, 986–993.] is the most used method for measuring biological N2 fixation in terrestrial and
aquatic environments. The reliability of this technique depends on the purity of the commercial 15N2 gas stocks used.
However, Dabundo et al. [(2014) PLoS One, 9, e110335.] reported the contamination of some of these stocks with labile
15N-labeled compounds (ammonium, nitrate and/or nitrite). The contamination of commercial 15N2 gas stocks with
15N-labeled nitrate and 142 ammonium and consequences for nitrogen fixation measurements. Considering that the
tracer assay relies on the conversion of isotopically labeled 15N2 into organic nitrogen, this contamination may have led
to overestimated N2 fixation rates. We conducted laboratory and field experiments in order to (i) test the susceptibility
of 15N contaminants to assimilation by non-diazotroph organisms and (ii) determine the potential overestimation of
the N2 fixation rates estimated in the field. Our findings indicate that the contaminant 15N-compounds are assimilated
by non-diazotrophs organisms, leading to an overestimation of N2 fixation rates in the field up to 16-fold under
hydrographic conditions of winter mixing.
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Biological N2 fixation is an important source of
nitrogen into the ocean (Gruber, 2008), and the 15N2-
tracer addition technique (Montoya et al., 1996) is the

most extended method for measuring it in both terrestrial
and aquatic environments. The 15N2-tracer assay is based
on the assimilation and transformation of isotopically
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labeled 15N2 into organic nitrogen in incubations of
natural planktonic communities. The accuracy of this
approach is based on the assumption that the 15N enrich-
ment of particulate matter can only be due to biological
reduction of N2. Nevertheless, Dabundo et al. (2014)
reported the presence of substantial concentrations of
15N-contaminants (15NH4

+, 15NO3
−, 15NO2

−) in some
commercial 15N2 gas stocks supplied by Sigma-Aldrich,
which may be assimilated by microorganisms. Their
findings imply that the contaminant 15N-compounds
could lead to significant overestimations in some of the
N2 fixation rates reported in the literature. However,
the magnitude of the overestimation of N2 fixation
measured in the field when using contaminated 15N2
remains unknown.

In the framework of the NICANOR project, biolog-
ical N2 fixation was quantified between 2014 and 2015
in a station located in productive waters of the tem-
perate upwelling region off NW Iberian Peninsula (off
Ría de A Coruña, 43.42◦N–8.44◦W; depth = 80 m) (see
Supplementary data S1 and Moreira-Coello et al., 2017).
Most of N2 fixation rates measured throughout 2014
reached values comparable to the higher rates described
for (sub) tropical oligotrophic regions (up to 82 nmol N L−1

d−1) (Luo et al., 2012). The concern that this could be
due to the use of a 15N2 gas stock substantially contam-
inated with 15N-labeled ammonium, nitrate and nitrite
motivated further laboratory and field experiments. The
main goals of this study were (i) to test the susceptibility
of 15N-contaminants to assimilation by non-diazotroph
organisms and (ii) to determine the magnitude of poten-
tial overestimation of the biological N2 fixation rates
estimated in the field.

In order to investigate the potential assimilation of
15N-contaminants by non-diazotrophic organisms, the
marine green alga Tetraselmis suecica was cultured in f/2
growth media (f/32 for nitrate) equilibrated with 15N2
from different commercial suppliers: Sigma-Aldrich lot
MBBB0968V and Cambridge Isotope lot I-19168A.
The Sigma lot showed substantial contamination with
15N-labeled ammonium, nitrate and nitrite (Dabundo
et al., 2014), whereas the composition of the specific
Cambridge lot used was unknown. However, other
analyzed stocks of the same commercial supplier showed
negligible contamination (Dabundo et al., 2014). Three
250-mL Erlenmeyer flasks were filled with 200 mL of
growth medium equilibrated during 60 h with 15N2 from
the Sigma stock, three with medium equilibrated with
15N2 from the Cambridge stock and finally another three
with unamended medium (control). The nine flasks were
inoculated with a stock culture of T. suecica (28 μg L−1 of
initial concentration of chlorophyll a in each flask) and
incubated during 4 days. For comparing treatments we

used the δ15N parameter, which expresses the 15N/14N
isotopic ratio in a sample in relation to the standard
value in the atmospheric N2. The treatment with the
Sigma stock resulted in statistically significant (Kruskal–
Wallis, P < 0.001) enrichments in 15N abundance of
the particulate organic nitrogen (δ15NPN ∼ 1.5�), in
relation to the treatment with the Cambridge stock
and the control (δ15NPN ranging from −0.90 ± 0.01
to −1.4 ± 0.3�), both during the exponential growth
(Day 2) and stationary phase under nitrate-depleted
conditions (Day 4). Sigma cultures were 15N enriched
because the microalgae assimilated the inorganic 15N
compounds present in the contaminated lecture bottle.
No statistically significant (Kruskal–Wallis, P > 0.05)
differences were observed between the control and the
cultures equilibrated with 15N2 from the Cambridge stock
(Fig. 1). If we compute the N2 fixation rate in the cultures
of T. suecica equilibrated with contaminated 15N2 from
Sigma assuming that this microalga is a N2-fixer, the
observed difference in δ15N and 15N atom% between
control and Sigma treatments would result in an apparent
N2 fixation rate ranging from 0.6 to 1.1 nmol N L−1

d−1, after 4 and 2 days of incubation, respectively. This
value of N2 fixation is an artifact since T. suecica is not a
diazotroph. Therefore, in a system where N2 fixation is
per se relatively low, the effect of using contaminated 15N2
may be significant. More details on this experiment are
available in Supplementary data S2.

In December 2014, we measured biological N2 fixation
rates in the field at surface waters and at 70-m depth by
the 15N2-uptake technique (Montoya et al., 1996) using
concomitantly two 15N2 lecture bottles, the contaminated

Fig. 1. 15N content of particulate organic nitrogen versus the reference
value in atmospheric N2 (δ15NPN, � vs. air) in T. suecica cultures
equilibrated with 15N2 gas from Cambridge Isotope and Sigma-Aldrich
commercial stocks sampled 2 days (exponential growth, gray bars) and
4 days (stationary phase under nitrate-depleted conditions, white bars)
after inoculation. Error bars represent standard deviation (n=3).
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Fig. 2. (A) Total primary production, (B) chlorophyll a concentration and (C) nitrate concentration versus volumetric biological N2 fixation rates
obtained in the framework of the NICANOR project (February 2014 to December 2015) by using the contaminated Sigma-Aldrich lot (gray
triangles), and the presumably non-contaminated Cambridge Isotope lot (black circles). Samples in which N2 fixation was measured using both
Sigma and Cambridge stocks are represented for December 2014 at 0 m depth by empty triangles and empty circles, respectively, and for December
2014 at 70 m by a gray triangle with black edge and a black circle with gray edge. Regression lines are plotted for each data set. Only samples
with chlorophyll a < 2.5 mg m–3 have been represented in order to improve the data visualization in panels A and B, leaving out a sample with
the highest chlorophyll a (6.5 mg m–3) and primary production (396.4 mg C m–3 d–1) and N2 fixation of ∼72 nmol N L–1 d–1 obtained using the
contaminated Sigma stock.

gas from Sigma (stock MBBB0968V) and the presumably
non-contaminated gas from Cambridge (I-19168A), and
compared the results to ascertain the potential overesti-
mation of N2 fixation rates caused by the assimilation of
15N contaminants. This experiment is described in detail
in Supplementary data S3. These results were obtained
under hydrographic conditions of winter mixing, which
was characterized by a deep mixed layer (51 m), low
chlorophyll a concentration (0.2–0.7 mg m−3) and low
primary production (4.8–23.5 mg C m−3 d−1) (Fig. S2).
The volumetric rates of N2 fixation obtained were
significantly higher, by a factor of 16, when using
15N2 from Sigma (0.4 ± 0.1 and 0.6 ± 0.3 nmol N L−1

d−1, respectively) than when using the Cambridge
stock (0.03 ± 0.01 and 0.04 ± 0.01 nmol N L−1 d−1,
respectively) (Kruskal–Wallis, P < 0.05) (calculations
are provided in Supplementary data S4 and S5). The
Cambridge gas stock showed undetectable contamination
according to our results with T. suecica cultures (Fig. 1),
and the N2 fixation rates equal to zero, or below the
detection limit, measured in our field experiments during
2015 (Fig. 2). The reliable rates obtained by using
the Cambridge stock in the samplings of 2015 and
December 2014 did not correlate significantly either
with total primary production (R2 = 0.142, P > 0.05),
chlorophyll a (R2 = 0.084, P > 0.05) or environmental
nitrate concentration (R2 = 0.045, P > 0.05). The N2
fixation measured during 2014 using the contami-
nated Sigma stock, including the December sampling,
ranged from 0.4 to 82 nmol N L−1 d−1 and correlated
positively with both primary production (R2 = 0.423,

P < 0.01) and chlorophyll a (R2 = 0.583, P < 0.01),
and negatively with nitrate concentration (R2 = 0.330,
P < 0.05) (Fig. 2). Thus, lower overestimation of N2
fixation rates occurred in conditions of elevated nitrate
concentration. By contrast, higher overestimation of N2
fixation rates occurred in conditions of high productivity
and biomass. The high phytoplankton production and
biomass characteristic of conditions such as spring or
summer blooms are linked to a high assimilation of
nutrients, among which are the contaminants included
in the stocks. Hence, the magnitude of overestima-
tion depends on biomass and productivity of the
phytoplankton present. In this coastal region, both
variables are subject to marked seasonal variability
and influenced by wind-driven upwelling, causing large
changes in phytoplankton dynamics over short temporal
scales (Gilcoto et al., 2017). Thus, the overestimation
will be different according to the prevailing hydro-
graphic setting. In the widely studied oligotrophic
(sub)tropical oceans, where N2 fixers predominate,
inflated rates may have gone unnoticed due to the
high N2 fixation rates that commonly characterize these
systems.

The overestimated N2 fixation rates due to the con-
tamination obtained during 2014 ranged from 310 to
2260 μmol N m−2 d−1 (0.4–82 nmol N L−1 d−1, Fig. 2),
reaching similar values to the highest ever reported in
(sub)tropical regions (Luo et al., 2012). These rates would
imply a depth-integrated diazotrophic biomass between
80 and 600 mg C m−2, representing between 4% and
25% of the total phytoplankton biomass in the station
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studied (Teira et al., 2003), which is highly unrealistic
(details on these calculations available in Supplementary
data S6).

The experiment with T. suecica confirmed the uptake of
15N contaminants by non-diazotrophs. Furthermore, the
comparison, through field estimates, of the N2 fixation
rates obtained simultaneously with the Sigma and Cam-
bridge stocks allowed to demonstrate that using contam-
inated 15N2 yielded an overestimation of the rates by up
to 16-fold. It is expected that the assimilation of dissolved
inorganic nitrogen, mainly ammonium and nitrate, is pre-
ferred to the energy-costly N2 fixation process (Stam et al.,
1987). Thus, the estimates of N2 fixation reported in the
literature may be distorted depending on the commercial
15N2 source used. Past reports obtained using 15N2 gas
from Sigma should be interpreted with caution. However,
the published rates obtained with 15N2 from the Cam-
bridge supplier are a priori reliable. In any case, in order
to ensure the accuracy of future biological N2 fixation
determinations, it is recommendable to use the commer-
cial stocks presumably free of contaminants according to
Dabundo et al. (2014) (Cambridge and Campro Scientific)
and to conduct control tests such as those herein described
prior to use the 15N2 lecture bottles acquired.

SUPPLEMENTARY DATA
Supplementary data can be found at Journal of Plankton Research online.
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