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15N and 18O measurements from

N2O in air samples 
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Introduction

N2O is a trace atmospheric constituent

which has increased in abundance by

about 15% since the pre-industrial era, to

a concentration of approximately

0.32ppmv at present. Interest in this gas

is currently focused on its contribution to

the ‘greenhouse effect’ - the radiative

forcing of N2O is 206 times that of CO2,

and atmospheric residence time may

exceed 150 years. N2O is also the

primary source of stratospheric nitric

oxide, implicated in catalytic destruction

of the ozone layer. Currently, the

concentration of N2O in the atmosphere

is increasing at a rate of about 0.25% per

year, which is a cause of environmental

concern.

Although N2O sources and fluxes are not

well quantified, nitrification and

denitrification processes, which occur

naturally both in ocean waters and in

soils, are believed to provide the major

input. Current estimates indicate,

however, that about 40% of atmospheric

N2O may be anthropogenic in origin,

through agricultural and industrial

sources.

Characterisation of d15N and d18O in

atmospheric N2O is recognised as

offering possibly the most promising way

forward in identifying the relative

importance of the different sources of

this gas and providing an insight into the

attendant processes. However, to perform

a single isotopic analysis by

conventional, dual inlet  sotope Ratio

Mass Spectrometry, approximately

250 l of air is required.

This technical note describes a technique

whereby isotopic measurements are

achieved on as little as 40 ml of air using

Continuous Flow - Isotope Ratio Mass

Spectrometry
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Figure 2. 

Amount of N2O Area under peak 

(nmol) (nAsec) 

1.07 6.7906 

2.14 13.6980 

3.21 20.6392 

4.28 27.1536 

5.71 35.6748 

Table 1. 

Procedure

The experimental arrangement is shown

schematically in Figure 1. Samples for

analysis were either injected manually, or

aliquots of air were displaced from a 500 ml

sample bulb using a He carrier stream for

variable periods. The first step in the 

isolation and purification procedure involves 

the removal of water and CO2 by passage

through a chemical trap filled with Ascarite

and Mg(ClO4)2. Nitrous oxide, together with 

trace amounts of water and CO2 which 

have not been retained by the chemical trap 

are condensed in a cryogenic trap  

maintained at -196°C by immersion in liquid 

N2. O2 and N2 are not trapped by this 

process and are vented to atmosphere. The 

trapped species are released on warming 

and the contents transferred using a 

reduced He flow (1.0 ml min-1) to a small

cryofocus unit adjacent to the a Poraplot

column (25m x 0.32mm i.d.). The column is 

maintained at 40°C and the carrier gas flow 

at 1.0 ml min-1. Downstream of the column, 

the effluent passes through an Open Split 

where one portion is drawn towards the 

mass spectrometer. A trap maintained at -

100°C removes any water present, whilst 

the remaining GC effluent is diluted by 

additional He and flows through to a 

Thermal Conductivity Detector (TCD).

Analysis is performed with the mass

spectrometer tuned for masses 44, 45 and 

46.

A typical mass chromatogram (m/z 44) is

shown in Figure 3. Isotopic data (Tables 2, 

3 and 4) are quoted with respect to a 

working reference gas (isotopic composition 

not characterised against international 

standards). Also, no corrections for 17O 

contribution were made in

this study.

Trapping Efficiency

Varying amounts of a 160 ppm mixture of

N2O with 0.03% CO2 in synthetic air were

injected into the helium stream adjacent to 

the sample vessel and concentrated into 

the first cryogenic trap. After cryofocusing

and introduction into the mass 

spectrometer, the area under the N2O peak 

was recorded (Fig 2 and Table 1)

Point A (Fig 2) was obtained by injecting 5µl

of a 1% mixture of N2O in Helium in

splitless mode onto the GC column, thereby

eliminating the trapping systems. Three

injections, equivalent to 2.23 nmol, yielded 

an area of 14.06 nA.s (s = 0.12). 

The two sets of data are in excellent 

agreement, validating the efficiency of the 

trapping process.



www.gvinstruments .co .uk 

Telephone: +44 (0) 161 488 3660

Email: info@isoprime.co.uk

Web: www.isoprime.co.uk

IsoprimeIsoprimeIsoprimeIsoprime Ltd.Ltd.Ltd.Ltd.

Isoprime House

Earl Road, Cheadle Hulme

SK8 6PT – UK

Applications Note: 016

Typical MS Trace External Reproducibility 

N2O Mass Chromatogram δ 15N δ 18O 

Reference N2O The data were 0.98 0.50 
N2O 
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4.0E-9 

150 ml aliquots of 1.15 0.46 
3.0E-9 

Ion air, sampled in the 0.82 0.46 
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0.0E+0 m/z 44 Mean 0.93 0.49 
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Figure 3. Table 2. 

Reproducibility 

Day 1 Day 2 Day 3 

δ15N δ18O δ15N δ18O δ15N δ18O 

0.32 -0.15 0.45 -0.38 0.40 -0.42 

0.41 -0.29 0.31 -0.19 0.27 -0.38 

0.49 -0.44 0.42 -0.29 0.21 -0.36 

0.21 -0.67 0.37 -0.42 0.31 -0.80 

0.33 -0.45 0.41 -0.47 0.19 -0.38 

Mean 0.35 -0.40 0.40 -0.38 0.28 -0.47 

σ 0.10 0.19 0.13 0.13 0.08 0.19 

Table 3. 

The results above were obtained with a mixture of 0.6ppm N2 O in synthetic air. 

Linearity of Preparation System and MS 
Quantity δ 15N δ 18O 

The linearity of both the preparation system and the mass (nmol) 

spectrometer were listed using a mixture of 1 ppm N2O and 0.54 mean = 0.37 - 0.82 mean = - 1.08 
0.03 % CO2 in synthetic air. 

0.53 0.17 - 1.04 

0.41 σ = 0.18 - 1.32 σ = 0.28 
Linearity 

Delta 15N Delta 18O 0.48 mean = 0.40 - 0.48 mean = - 0.33 

0.6 0.5 0.67 0.23 - 0.36 
0.5 

0 
0.4 

(0.5) 0.48 σ = 0.14 - 0.88 σ = 0.63 
0.3 

0.2 (1) 
0.36 mean = 0.40 - 0.49 mean = - 0.60 

0.1 (1.5) 
0 1 2 3 4 5 6 

N2O (nmol) 1.34 0.43 - 0.61 

0.49 σ = 0.04 - 0.71 σ = 0.11 
Figure 4. 

0.21 mean = 0.34 - 0.85 mean = - 0.56 

2.68 0.34 - 0.99 

0.49 σ = 0.14 - 0.46 σ = 0.30 

5.01 0.40 mean = 0.41 - 0.60 mean = - 0.63 

0.42 - 0.65 

Table 4. 


