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Nitrous oxide (N
2
O) is an important greenhouse gas and

a dominant contributor to stratospheric ozone destruction.
Anthropogenic N

2
O emissions arise from a range of activities,

in particular, agriculture, fertilizer use, wastewater treatment,
and energy production. The variability and partitioning of N

2
O

emissions between different source types is poorly understood,
making it difficult to develop policies to efficiently reduce
emissions.

Isotopic composition of N
2
O is a tracer to distinguish between

different emissionprocesses andpathways, aswell as constraining
the stratospheric N

2
O sink. N

2
O is a linear molecule with four

different ‘isotopocules’: 14N14N16O (99%), 14N15N16O (α, 0.4%),
15N14N16O (β, 0.4%) and 14N14N18O (0.2%). N

2
O(α) and N

2
O(β)

differ only in the position of the 15N atom, and the difference
in their abundance – known as site preference (SP) – can be a
particularly powerful indicator for different N

2
O production

mechanisms.
We developed a quantum cascade laser absorption spectro­

scopy (QCLAS)­based technique for N
2
O isotope measurements.

QCLAS is inherently selective due to differences in fundamental
rovibrational bands, even for molecules with the same mass. This
technique thereby surpasses isotope ratio mass spectrometry,
which does not allow for direct measurement of site­specific 15N
isotopic composition.[1] QCLAS allows real­time measurement
and can be coupled to preconcentration for field­deployable
monitoring of ambient air.

We appliedQCLAS tomeasureN
2
O isotopic composition in a

number of studies, e.g., to identifyN
2
Oproduction pathways from

a pilot­scale partial nitritation­anammox wastewater treatment
system.[2] If N

2
O production from these systems is minimized,

wastewater treatment can be carbon­neutral. Since April 2014,

we have been measuring N
2
O isotopic composition at the high

alpine site Jungfraujoch using QCLAS with preconcentration.
The results show unexpectedly strong seasonal variability in site
preference at this remote site, which is not captured by current
models.Within an ongoing project, we plan to confirm this intra­
annual variability by continuing the measurements.

QCLAS offers the potential for high-precision analysis of
N2O isotopic composition in a wide range of applications, to
trace emission and consumption pathways.
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Aeration Offgas FT-IR Spectrometer:
Online dilution of offgas

Drying of offgas,
CO and CO2 removal

QCLAS:
Online measurement of
N2O isotopic composition

2203.15 2203.25 2203.3570

100
FitMeasurement

80

90

Wavenumber (cm-1)

Tr
an
sm
is
si
on
(%
)

14N14N16O

15N14N16O

14N14N18O

14N15N16O

A schematic view of the analytical set-up used
for online monitoring of isotopic composition in
the off-gas from a pilot-scale partial nitritation-
anammox reactor: Offgas from the wastewater
treatment reactor is diluted online, using
measurements from the FT-IR to scale the
dilution, before continuous measurement of
isotopic composition with QCLAS. At the right
hand side, an example of a QCLAS spectrum
is shown, illustrating the simultaneous
quantification of all four isotopocules.
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Top panel: Mole fraction of N2O at Jungfraujoch. In situ measurements
using GC-ECD (2014: Agilent 6890N) and off-axis ICOS (2015–16:
LGR-23r, Los Gatos Research) are shown in grey (data credit: M.
Steinbacher, Empa, Global Atmospheric Watch). Flask measurements
made using QCLAS (Aerodyne Research, Inc.) are in blue. Lower
panels: N2O isotopic composition measured in flask samples using
preconcentration coupled to QCLAS.


