A new system to measure N2O site preferences in air samples,
demonstrated on N2O extracted from agricultural drainage waters
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INTRODUCTION: ISOTOPOMERS OF N2O
N2O is a long lived greenhouse gas. Mitigating N2O
emissions may be achieved by a better understanding of
processes causing N2O emissions [1]. The site preference
(SP) of N2O (δ15Nα- δ15Nβ) depends on N2O formation
and destruction processes, and can thus differentiate
nitrification and denitrification pathways [1,2] (Fig. 1).

INSTRUMENT TO MEASURE N2O ISOTOPOMERS

PRESSURE DEPENDENCE

We modified a commercial Los Gatos Research analyser
from continuous flow to discrete sample mode (Fig. 2). This
enables long integration times for small samples (100 mL).
A valve manifold connects sample and reference gases,
followed by an Ascarite scrubber to remove CO2. A 30 mL
mixing volume (yellow) can be filled with standard/sample
and N2O-free air to precisely controlled pressures. This
allows N2O amounts in samples and reference gases to be
matched. An external pump and solenoid valves allow for
independent evacuation of all system parts.

The design of the LGR allows the gas pressure in the
analytical cell to vary with inlet pressure changes (Fig 2).
Cell pressure changes exert significant and non-linear
responses on measured values (Fig 3). We assume a
linear relationship in the pressure range 40-45 Torr.
Because the analyser response to variable cell pressures
also depends on the N2O amount, applied corrections are
sample specific.
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Figure 1: Typical SP values for different processes
of N2O formation and destruction. Modified from [1].

Figure 3: N2O amount dependence of the slope to account for the
effect of cell pressure changes on N2O and SP.

Figure 2: Schematic of modifications to convert LGR analyser from
continuous-flow to discrete sample mode.

AMOUNT DEPENDENCE OF ISOTOPE MEASUREMENTS

MEASUREMENT SEQUENCE

DATA PROCESSING

Isotope ratios reported by the LGR strongly vary with the N2O
amount in the measured gas [3]. This artefact accounts for 30 ‰
in SP over 330 to 1500 ppb N2O (Fig 4), which is significant in
the context of the endmember range in SP (Fig 1).

Measurements sequences include 10 analyses
(500s) of 2-4 samples and 2-3 QC standards.
Working tank measurements bracket sample
and QC standard measurements (Fig 5).

We calculate average values for each injection. The first 3
injections of all gases are rejected to eliminate memory
effects from the Ascarite trap (Fig 6). Averages of the
remaining 7 injections are used in the following data
processing steps. The same data reduction and processing
is applied to the measurements of working standards,
samples and QC standards, following the principle of
identical treatment [5].

To minimise this effect, the working standard (3ppm) gets diluted
with N2O-free air to match the N2O amount in the sample. The
standard-sample agreement is better than 50 ppb, typically
smaller than 20 ppb.
In contrast, measured isotopologues increase linearly with N2O
amount in the same data set (Fig 4). We currently test if this can
be utilised to calibrate mole fraction response of the analyser, in
order to calculate delta values in a following step [4].

Figure 4: N2O amount effect on SP (left), and isotopomer mole fractions (right).

Figure 6: N2O (top), SP (middle) and cell pressure (bot) for 10 repeated measurements
of a sample within a sequence. Colours indicate different injections. Raw data (left),
average of raw data (middle) and average values after removal of memory (right).

Figure 5: N2O (top) and cell pressure (bot) during
measurement sequence. Colours refer to working
standard (blue), QC gas (cyan), and samples.

INSTRUMENT PERFORMANCE

FIRST SAMPLE MEASUREMENTS

FIRST MEASUREMENTS OF REAL SAMPLES

The Allan Deviation is a tool to identify the integration time that is
least affected by short- and long term noise. It is thus an
indicator of maximum achievable instrument performance under
identical conditions. Due to more favourable signal to noise
ratios with higher N2O amounts, the Allan Deviation minimum for
SP decreases with increasing N2O (Fig 7). We use the standard
deviation of all QC standard measurements as a more
representative indicator for measurement reproducibility, as it
includes identical measurement and data processing steps as
the sample measurements [5]. We find a reproducibility of 0.4 ‰
for a QC gas with 1000 ppb N2O (n=28), which is close to the
Allan deviation minimum at this N2O amount (Fig 7).

Agricultural drainage water samples
were taken at sites with different
nutrient content and aeration (Fig 8).
The gas content of these water samples
was transferred into air sampling bags
using natural air from a cylinder for
sample processing. These samples
were generally measured within 2
weeks of sampling.

N2O in the samples ranged by 1200 ppb, while the SP range was
35 ‰ (Fig 9). Assuming endmember values for nitrification and
denitrification of 32 ‰ and 0 ‰, respectively, our results show a high
variability of N2O forming processes, with nitrification ranging from
18 to 100 % (Fig 9).

Figure 9: Mole fractions and SP in N2O from agricultural drainage waters (left) and
calculating proportions of N2O from nitrification and denitrification (right)

PRELIMINARY DATA INTERPRETATION
In a preliminary data interpretation, we find a relationship between
SP-N2O and N2O saturation of the water, as an indicator of
aeration. Water samples with higher saturation/less aeration show
lower SP-N2O values, suggesting an increasing proportion of
denitrification. Interestingly, we do not find a clear relationship
between excess N2O and NO3, which is thought to indicate rates of
high N2O formation (Fig 10).

1σ = 0.4 ‰

Figure 7: Allan Deviations for SP at range of N2O amounts (top-left), Allan Deviation
minima over N2O amount (top-right) and performance chart [5] on repeated QC gas
analyses as indicator of measurement reproducibility (bot). The blue circle in the Allan
deviation plots marks the N2O amount and reproducibility determined for the QC gases.

Figure 8: Photos from sampling sites. Site #4 was marked
by shallow waters and rapid flow while #8 was marked by
deep, standing water. The bottom photo below shows the
3L multilayer-foil air sampling bags (Restek).
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Figure 10: SP over N2O saturation in water (left) and excess N2O over NO3 (right).
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