
La spectrométrie de masse à rapport 
isotopique 

But:   

Déterminer les rapports des isotopes stables des 
éléments légers (H, C, N, O, S, gaz rares etc) car donnent 
une information sur l’origine de la matière et sa formation 
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Les forces en présence à l’OSUG 

Au LGGE (contact J. Chappellaz et J. Savarino) 
Ø Deux spectromètres de chez Thermo - MAT 252 
et 253 
 
Au LiPhys (contact D. Romanini et E. Kerstel) 
Ø  Systèmes IR laser en développement  

Ø  Développeurs : 3 chercheurs, 1 Pr, 1 IR 

Ø  Laboratoires:  LECA, ISTerre, LGGE  



L’échelle delta 
Ø  Exemple des isotopes de l’oxygène: 16O, 17O, 18O 
Abondance moyenne sur Terre: 

 16O:   99.762   % 
 17O:     0.038   % 
 18O:     0.200   % 

 
Ø Mesure des variations des rapports sur échelle δ 
 

  δ18O = (18O/16O)ech/(18O/16O)std -1 
 

       Différence 0.2001 et 0.2000 à 0.5 ‰ 

Les meilleurs précisions atteignent aujourd’hui 0.01 ‰ 

Attention: on ne mesure les abondances absolues (peu d’intérêt) mais les 
enrichissements ou appauvrissements par rapport à une référence internationale à 

mesure bien plus précise 



Diagramme multi-isotopes du nitrate 
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Les techniques 

Deux méthodes existent aujourd’hui 
 
Ø  La méthode traditionnelle - IRMS 

  
 Principe: gaz ionisé, accéléré et séparé en masse 
 selon rapport m/e  

 
 
Ø  La méthode nouvelle – CRDS/OF-CEAS 
 

 Principe: spectroscopie IR d’absorption, cavité à haute 
réflectivité, mesure basée soit sur les transitions 
rovibrationelles, soit sur le temps de parcours, 
caractéristiques de l’absorption 

 



IRMS - Principe de fonctionnement 

1.  Échantillon sous 
forme gazeux 

2.  Introduction dans la 
chambre de ionisation 

3.  Ionisation par impact 
électronique (1 ion/
300 molécules) 

4.  Accélération des ions 

5.  Séparation suivant m/
e par électro-aimant 

6.  Mesure des courants 
ionique (~ nA au pA) 
et amplification par 
cage de faraday Attention: le gaz utilisé pour la mesure n’est 

pas forcément l’échantillon 



Le Model Thermo Finnigan MAT253 

1 m 

Rappel: libre court moyen ~ 1 m à impose un ultra vide 10-6 – 10-8 mbar 



Deux principes de fonctionnement pour 
l’introduction de l’échantillon 

Mode Dual-inlet Mode flux continu-couplage GC-MS 

Gaz de travail pur, alternance 
référence/échantillon  

Av: excellente précision (~ 0.01 ‰) 

In: pré traitement d’échantillon, long, 
quantité d’échantillon 

Gaz de travail pur, alternance 
référence/échantillon  

Av: pré traitement simplifié, faible 
quantité, automatisme 

In: précision (~ 0.5 ‰), one shoot 



IRMS – Avantages/Désavantages  

Technique de référence 
 
Méthode la plus précise 
 
La mieux développée 
 
Sa versatile 
 

Son coût 
 
Sa technicité 
 
Son encombrement 
 
 



Équipement disponible à l’OSUG 
Finnigan MAT 252 Finnigan MAT 253 

Ø Gaz de travail CO2 ou N2O à 13C/
12C, 15N/14N, 18O/16O 

Ø Interface combustion CH4 à CO2 

Ø Gaz de travail O2/N2/SO2/SF6 à 
(18O/16O, 17O/16O), 15N/14N, 34S/32S, 
33S/32S, 36S/32S 

Ø Interface gas bench & AE 

Les deux spectromètres fonctionnent en dual inlet ou flux continu 
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The Elemental Analyzers
Finnigan Elemental Analyzer _______________________________________ Flash Elemental Analyzer

_________________ Finnigan Elemental Analyzer Operating Manual _______________  3-19Thermo
ELECTRON CORPORATION

The Flash Elemental Analyzer can be run with autosamplers of different 
types. The most common autosamplers are: 

1. MAS200 with an electronic control

2. AS200 with a pneumatic control

3. AS128 with a pneumatic control

AS200 and AS128 need an external carrier box to operate with Flash 
Elemental Analyzer, because they require compressed air supply.

How to Regulate the Gas Pressure
Flash EA is equipped with electronic flow controllers (EFC). To overcome 
these controllers, the carrier gas flow is set to 300 ml/min in the Eager 
software, and the actual flow is regulated manually via the pressure 
regulators.

Figure 3-15. Flash Elemental Analyzer - Principle

Note. The most recent version of Flash EA 1112 has built-in pressure 
regulators for He and O2. The external carrier box is no longer necessary. 
With this Flash EA 1112 version, operating AS200 and AS128 is not 
possible anymore.

Measurement Procedures for Real Samples
Introduction

Thermo Fisher Scientific GasBench II Operating Manual         5-3

• an isothermal gas chromatograph (GC)

• an active open split interface

• a reference gas injection system with three reference ports

• an optional LN2 trap for cryofocusing

• an optional acid dosing system

Figure 5-1. Schematic of GasBench II components
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Note For a description of the basic principles of Continuous Flow, see 
Habfast, K.: Advanced Isotope Ratio Mass Spectrometry I: Magnetic 
Isotope Ratio Mass Spectrometers. Chapter 3 in: Platzner, I.T., ed., 
Modern Isotope Ratio Mass Spectrometry, 1997, p. 11-82, 
John Wiley & Sons Ltd. ▲

In all types of measurements the isotopic composition of a sample gas is 
compared to the isotopic composition of a reference gas. GasBench II 
consists of a reference inlet system that allows to use three different 
reference gases (Reference 1 or Reference 2 or Reference 3; only one of 
them per measurement. See Figure 3-30).

Usually, CO2 and H2 are choosen to cover all applications mentioned 
above. Reference gases are expected to be clean and stable with respect to 
their isotopic compositions. For a gas tank that contains a liquid phase 
like CO2 this means absolute temperature stability.

The sample gas is fed into GasBench II by a specially designed 
headspace sampling needle. By a helium overpressure, the gas will be 
transported through the capillaries into GasBench II where a drying 
stage removes water from the sample gas mixture. Otherwise, it tends to 
clog the Valco valve or the mass spectrometer inlet valve.

Couplage EA-IRMS 

Couplage GC-IRMS 

Isotope S et O  
Sulfate – 1 umol 

Isotope N et O  
oxydes d’azote 

100 nmol 



Ammonium/Nitrate/Nitrite sample 
(100 nmol) 

Incubation or reduction N2O 

IRMS 

Nitrate → N2O 

Gold catalyse 

He flush 

N2+O2 

GC column 

Open split 

δ18O, δ17O, δ15N 



Etat Actuel 

Finnigan MAT 252 Finnigan MAT 253 

•  En standby, vers une 
reconversion en 
mesure isotopes N,O 

•  Mesure de C assurée 
par laser IR, en cours 
de développement 

•  Opérationnel pour N, O 
NH4

+, NO3
-, NO2

- (2000 
éch./an, 150 éch/sem) 

•  En cours de validation O 
SO4

2- 

•  En développement futur 
isotopie complète de S 
via SF6 ou H2S (Laser) 



50 cm was 6.0 ± 2.9% (mean ± 95%CI) and the

mean percent cover of N fixers in areas where snow
was deeper than 50 cm was 1.4 ± 0.7%. In areas with

snow\50 cm, 25 of the 45 surveyed plots (56%) had

greater than a trace amount of N fixers (trace defined as
presence of the species, but no hits with the point-

intercept quadrat) while in areas with [50 cm, 25 of

the 196 plots (13%) had greater than trace amounts.
Substantial heterogeneity remained when the inputs

from these two sources were combined due to the large

patches of N fixers. However, few areas in our study
site had both low snow inputs and low N fixer

abundance (Fig. 2).

N transport and export

In 2008, snowmelt within our study site began in
early May and continued through mid July. The

higher elevation alpine meadows had little snowpack

at the onset of melt and were snow free in early May;
the subalpine forest was snow free by late June; and

the mid-elevations within the site became snow free

in mid July. The distribution of late-season snow in
2002, which is similar interannnually, can be seen in

Fig. 1. The intermittent stream began flowing in mid

May. Though we did not measure stream flow, flow
was highest shortly after the stream began flowing

and then tapered off throughout the season until it

stopped flowing at the end of July.
The highest levels of both DON and DIN in the

intermittent streams were seen in our first sample on

May 21, shortly after the onset of stream flow
(Fig. 4). At that time, DIN was almost entirely in the

form of NO3
-. NH4

? was undetectable except in the

sample collected on May 21 in the upper wetland
adjacent to melting snow where it was 7.0 lmol l-1,

similar to the value of nearby snow: 6.6 lmol l-1

(Table 1). Throughout the season, higher levels of
NO3

- were found in the wetland sites (upper, middle,

and lower) than in the downstream subalpine meadow

and road sites. This was particularly true on the first

Fig. 3 Relationship between measured values of N fixer
abundance and kriged values of snow depth. n = 203. The
gray line is a loess (local regression) curve with a = 2/3 and a
first degree polynomial (Chambers and Hastie 1992). The loess
curve illustrates the greater abundance of N fixers in areas with
\50 cm snow cover
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Fig. 4 Concentrations of NO3
-, isotopic signature of nitrogen

(d15N) and oxygen in NO3
- (D17O), and concentrations of

dissolved organic N (DON) throughout the summer of 2008 in
the intermittent stream. The color of the plotting symbols and
lines indicate the locations of the samples within the study site
(see legend in top left and Fig. 1). The results of the two-
member mixing model for the two sources of NO3

- is shown
on the right side of the D17O panel. The dotted lines are
reference lines for the two end members: atmospherically
derived NO3

- and microbially derived NO3
-. No D17O or d15N

measurements are available for samples with very low
concentrations of NO3

-
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or near the stream channel, particularly in the wetland
where the stream channel originates (Darrouzet-Nardi

and Bowman, unpublished data).

N inputs

Two N input sources—N fixation and snow inputs—

were quantified using spatially explicit techniques

across the study site. To quantify N-fixer abundance,
vegetation surveys were done at 604 locations within

the study site using a 1 m2 point-intercept quadrat

with 81 points (9 9 9) per quadrat during July and
August of 2008 and 2009. The locations of these

quadrats were haphazardly chosen along either tran-

sects or as the centroids of tessellated polygons that
covered the entire study site (for more details see

Darrouzet-Nardi 2010). At each of the 81 points in

the quadrats, any plants that were present were
recorded, counting multiple hits if present. Plants

present but not intersecting any of the 81 points were
marked as ‘‘trace.’’ For each of these 604 locations,

% cover of N fixers was calculated as the number of

hits of three N fixing plants divided by the number of
points in the quadrat (81). The three N fixing plants

were Trifolium dasyphyllum, Trifolium parryi, and

Dryas octopetala. D. octopetala was rare, only
occurring in several small patches. Snow depth was

manually surveyed at 501 locations across the study

site using graduated metal poles on March 31-April 2,
2008, the approximate time of maximum snow depth

in 2008, following the protocols of Erickson et al.

(2005). For snow depth locations, 80% were on a
regularly spaced triangular grid covering the entire

study site and 20% were randomly located. Kriging

for both N fixer abundance and snow depth were done
using ordinary kriging with a spherical variogram

model in ArcGIS 9.2 (ESRI) using the package

Geostatistical Analyst (ESRI).
To evaluate the combined effects of these two

input sources, the percent N-fixer cover and snow

depth were converted to estimates of N input
quantities with units of mg N m-2 year-1 and then

added together. Snow input was calculated by

multiplying snow depth by snow density and con-
centration of N in the snow. Previous studies have

shown that homogeneity of nutrient concentrations in

the snowpack and snowpack density across the
landscape are reasonable assumptions (Williams

et al. 2001; Williams and Melack 1991). The snow

density value was measured in a snowpit within the
study site on April 11, 2008 (Fig. 1, northern snow

sampling point). The total nitrogen (TN) value was

the mean of three snow (two in close proximity on
different dates) pits sampled within the study site at

maximum snow depth (Table 1). N inputs from N

fixation were measured using the approach in Bow-
man et al. (1996): percent cover of N-fixers were

multiplied by net primary production in an alpine

area with *100% plant cover, percent N in Trifolium
tissues, the percent of N annually resorbed by

Trifolium, and the percent N that Trifolium derives
from fixation. For net primary production, we use a

measured value from a moist meadow near the study

site in 1994, 410 g m-2 year-1 (Fisk et al. 1998). In
Fisk et al. (1998), various measurements are pre-

sented of net primary production in alpine plant

communities over several years; the moist meadow
value was chosen because moist meadows at this

Fig. 1 Aerial photo of the study site, which is on Niwot Ridge
in the Front Range of the Rocky Mountains, Colorado, USA
(40.0490!, -105.5730!). Photo taken in 2002 (USGS 2004).
The black polygon delineates the study site. The predominant
wind direction is shown by the arrow in the upper left. The
contour interval is 10 m. The white patches are snow, the
darker areas are trees, and the gray areas are tundra. The white
line indicates the stream channel in which the intermittent
stream flows. The colored circles indicate stream sampling
locations, the top three being the upper, mid and lower wetland
sites. The two smaller white circles indicate the snow pit
sampling locations. Two snow pits were dug at the northern
location on different dates
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Niwot Range, Colorado 
Darrouzet et al. 2012 

Décharge printanière 
 
Turnover: 7 j 
Steady-state: 17% nitrate atmos. 



Exemple de résultat Δ17O, δ15N 
du nitrate 

Analyse possible à haute résolution d’un puits de 
neige Antarctique sur des concentrations de 

l’ordre de 20ng/g 

J. Erbland et al.: Air–snow transfer of nitrate in East Antarctica – Part 1 6409

Table 1. Asymptotic nitrate isotopic composition (�18O(as.),117O(as.) and �

15N(as.)) and apparent isotopic fractionation constants (15"app,
17

Eapp and 18"app for �

18O, 117O and �

15N, respectively) observed in snow pits across East Antarctica together with all of the existing
data previously published for this area: (1) this study, (2) Frey et al. (2009) and (3) Blunier et al. (2005). Mean annual 2m temperatures are
derived from the ERA-Interim reanalysis over the 2000–2008 period (Dee et al., 2011) or from observations for the Dome C and Vostok
sites. One-� uncertainties in the fractionation constants are based on the propagation of the error in the isotope ratios (this study and Frey
et al., 2009, after Taylor, 1997) and Monte Carlo analysis for the Blunier et al. (2005) results. One-� uncertainties in the asymptotic values
are obtained as explained in the method section.

Site Lat./ Lon./ Ta/ A/ Dist. to Elev./ w(as.)/ �

18O(as.) 1

17O(as.) �

15N(as.) 18
"app 17

Eapp 15
"app Code Ref.

� � �C kgm�2 a�1 D10/km m ngg�1 ‰ ‰ ‰ ‰ ‰ ‰

1 (D10) �66.7 139.828 �12 558 0 296 85± 23 101± 3 41± 1 49± 5 5.2± 1.5 �0.1± 0.7 �13.2± 2.0 D10 1.
2 �67.4111 138.619 �21 515 95 1586 53± 17 94± 8 44± 2 40± 5 8.4± 5.5 �1.0± 2.0 �24.3± 8.5 II 1.
3 �67.91 136.696 �26 334 190 1986 64± 12 92± 4 35± 1 15± 4 8.0± 5.2 2.0± 1.3 0.3± 5.4 IV 1.
4 �68.5261 135.239 �31 246 281 2350 74± 122 72± 8 30± 2 8± 5 �3.9± 3.2 �0.2± 0.8 �9.0± 3.6 VI 1.
5 �69.3098 134.33 �34 216 369 2558 49± 13 93± 3 37± 1 34± 4 �2.4± 4.8 �2.0± 1.9 �34.2± 8.4 VIII 1.
6 �70.2511 134.103 �36 160 458 2663 11± 101 69± 5 30± 1 38± 5 �2.7± 1.6 �0.5± 0.3 �11.4± 5.1 X 1.
7 �71.606 132.993 �38 121 556 2823 81± 21 66± 6 29± 1 37± 3 �6.0± 4.4 �1.5± 1.3 �31.3± 2.8 XII 1.
8 �71.5327 132.84 �39 96 618 2951 89± 18 53± 6 26± 2 72± 21 �3.1± 6.7 1.2± 2.1 �3.9± 24.5 XIV 1.
9 �72.319 130.466 �42 68 721 3108 93± 14 49± 5 27± 1 99± 11 1.4± 8.3 2.7± 2.7 �43.0± 23.0 XVI 1.
10 �73.993 128.711 �44 53 826 3178 108± 31 44± 9 29± 2 147± 21 �15.2± 7.2 �1.1± 1.7 �4.4± 27.9 XVIII 1.
11 �73.844 126.912 �45 43 926 3201 114± 19 40± 5 23± 2 138± 22 12.3± 6.3 2.3± 2.8 �58.5± 20.5 XX 1.
12 �74.7067 124.552 �47 34 1045 3260 13± 76 32± 3 28± 1 330± 12 8.9± 1.4 1.3± 0.4 �65.7± 11.9 XXII 1.
13 (DC) �75.1 123.35 �54 25 1101 3233 0± 44 – – 151± 21 – – �53.9± 9.7 DC03 3.
13 (DC) �75.1 123.35 �54 25 1101 3233 0± 27 29± 3 23± 1 334± 23 6.4± 2.5 0.9± 0.2 �49.8± 10.4 DC04 2.
13 (DC) �75.1 123.35 �54 25 1101 3233 45± 12 27± 5 28± 2 305± 28 9.4± 2.2 2.3± 0.7 �74.3± 11.4 DC07-1 2.
13 (DC) �75.1 123.35 �54 25 1101 3233 29± 13 26± 3 27± 1 302± 20 9.4± 1.5 1.7± 0.5 �72.7± 8.3 DC07-2 1.
13 (DC) �75.1 123.35 �54 25 1101 3233 32± 157 28± 5 26± 1 276± 17 6.1± 1.8 1.2± 0.3 �40.0± 8.6 DC07-3 1.
14 �75.7161 120.226 �49 28 1211 3243 46± 44 12± 5 19± 2 288± 25 12.2± 2.1 2.7± 0.5 �46.6± 8.3 S1 1.
15 �76.841 112.987 �49 22 1437 3369 22± 48 24± 9 20± 2 302± 22 7.2± 2.1 2.0± 0.4 �52.8± 7.2 S2 1.
16 �77.6779 110.55 �49 20 1540 3414 32± 30 20± 6 19± 1 338± 25 8.7± 1.3 2.7± 0.2 �54.6± 5.1 S3 1.
17 (Vk) �78.47 106.8 �55 21 1661 3488 37± 20 32± 7 26± 1 255± 27 8.5± 1.5 1.5± 0.2 �63.2± 4.9 S4 1.
17 (Vk) �78.47 106.8 �55 21 1661 3488 11± 9 24± 5 28± 1 366± 16 3.9± 1.8 0.2± 0.5 �59.7± 3.5 V09-1 1.
17 (Vk) �78.47 106.8 �55 21 1661 3488 32± 9 24± 8 21± 2 307± 31 11.1± 3.1 4.4± 1.0 �62.2± 9.4 V09-2 1.

Fig. 3. Detailed view of nitrate mass fraction and isotopic composition profiles for snow pit S4 (panel 17 on Fig. 2a and b. The black dashed
lines represent the fit to the data used to derive the asymptotic values as expressed in Eq. (5).

5–7‰ (e.g. snow pit S2, panel 15 on Fig. 2b or Fig. 19
in Supplement), consistent with previous observations by
Frey et al. (2009) at DC. At such low accumulation sites,
1

17O(NO�
3 ) also shows a decreasing trend with depth with

a reduction of up to 10‰.
Figure 3 presents an example of the data reduction proce-

dure used to derive the asymptotic values in the case of snow
pit S4 sampled at Vostok (Eq. 5). The other snow pits, to-
gether with the related exponential fits, are individually dis-
played in the Supplement. Figures 4a–i and Table 1 present

the reduced data together with the data previously published
for Dome C (“DC03”, Blunier et al., 2005; “DC04” and
“DC07–1”, Frey et al., 2009). The uncertainty derived for
the asymptotic values are small in most cases (Table 1 and
Fig. 4d–f). Values of the asymptotic isotope ratios show sig-
nificant spatial gradients across East Antarctica (Fig. 4d–
f, respectively): in comparison to values found close to the
coast, �18O(as.) and 1

17O(as.) are lower by more than 80‰
and 20‰, respectively, and �

15N(as.) is higher by more than
300‰ at Vostok. Values of asymptotic nitrate mass fractions

www.atmos-chem-phys.net/13/6403/2013/ Atmos. Chem. Phys., 13, 6403–6419, 2013



Les Techniques Laser  

CRDS OF-CEAS 

R = 1-T- Losses ~ 99,99% 

IN OUT 



CRDS 

Marché dominé par les fabricants PICARRO et Los Gatos 
Research (CH4, CO2,N2O, H2O) 

Plus beaucoup d’espace pour le développement – Y a qu’à 
… sachant que la mesure c’est une chose et l’interprétation 

une autre  



Description 
•  Ø	  Consider	  a	  single	  short	  pulse	  of	  laser	  light	  
entering	  in	  a	  three	  mirror	  cavity.	  

Laser 

Photo	  
Detector	  

Ph
ot
o	  
De

te
ct
or
	  

Time (µs) 

Cavité optique 
constituée de 3 

mirroirs •  Ø	  A	  chaque	  trajet,	  un	  peu	  de	  lumière	  
est	  perdue.	  Ce?e	  perte	  est	  mesurée	  par	  
le	  peu	  de	  lumière	  qui	  sort	  de	  la	  cavité.	  	  

•  Ø	  La	  perte	  totale	  de	  lumière	  est	  une	  
foncBon	  de	  perte	  dues	  au	  mirroir	  et	  aux	  
absorbant	  présent	  dans	  la	  cavité.	  

Contrairement	  à	  la	  spectroscopie	  tradi1onnelle,	  le	  chemin	  effec1f	  du	  parcours	  
de	  la	  lumière	  approche	  ≈	  20	  km	  (un	  pulse	  de	  lumière	  est	  refléchi	  ~100,000	  fois)	  

Mirror	  #3	  



Algorithme d’une mesure isotopique 

Tunable diode	  laser

Pressure	  Gauge
Temperature	  Gauge

Data	  collection	  &	  
Analysis	  electronics	  

Laser	  Control
electronics

Optical	  Cavity

Photodetector

Sample	  Gas	  Inlet

Outlet	  Gas	  Flow

Target	  λ

Wavelength
monitor

ÜVery	  long	  effective	  path	  length	  (>	  40	  km)

CRDS	  basic	  measurement	  algorithm
1) Tune	  laser	  and	  cavity	  to	  desired	  

wavelength
2) Inject	  light	  into	  the	  cavity	  (laser	  

resonant	  with	  cavity)	  
3) Once	  light	  circulating	  in	  the	  cavity	  hits	  a	  

threshold,	  stop	  injecting
4) Measure	  decay	  time	  of	  light	  in	  cavity
5) Compare	  decay	  time	  to	  that	  of	  an	  off-‐

resonance	  cavity	  
6) Repeat

Ü 12CO2(g) and	  13CO2(g) have	  a	  specific wavelength absorption
Ü Concentration	  gas is proportional to	  the	  area	  under the	  curve
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Une application : l’enrichissement du 
13C au cours du temps 
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Capacité	  d’adsorp1on	  d’une	  nano-‐calcite	  enrichie	  en	  	  12C	  

ü  On	  constate	  une	  augmentaBon	  du	  δ13C,	  c’est-‐à-‐dire	  une	  augmenta1on	  de	  
la	  teneur	  en	  «13C»	  	  de	  la	  calcite.	  

ü  IncorporaBon/fixaBon	  du	  13C	  dans	  la	  calcite.	  

En	  supposant	  que	  la	  vitesse	  d’incorporaBon	  
reste	  constante	  pour	  a?eindre	  :	  
	  -‐1	  ‰	  (i)	  <	  δ13C	  <	  -‐19	  ‰(ii)	  
	  
Ce?e	   calcite	   enrichie	   en	   12C	   aurait	   la	  
capacité	  de	  fixer	  :	  
0,109	  <	  n(13C)	  <	  0,111	  	  
Unité	  :	  mmol/g	  Calcite(*). 



OF-CEAS 

Technique commercialisée par AP2E sous licence UJF/LiPhys 

Technique brevetée par D. Romanini 

Développement en cours pour isotopes C (CO2) 
Collaboration LiPhys/LGGE 



Paleo-atmospheric sample 200 ppm CO2: ~10 nanomol CO2 

δ13C and δ18O precisions: 0.3‰ in ~30 s:  
pressure is too low, lines too narrow 

!  Work in progress: Stabilization of cavity temperature and mode 
structure (frequency scale); Lasers at requested wavelengths 
!  Goal of precision < 0.05‰ on (sub-) nanomol CO2 samples 
appears within reach 
!  Sub-cm resolution on ice-core: many more datapoints, obtained 
much faster 

Diluted sample: 200 ppb CO2 in air: ~10 picomol CO2 

δ13C precision: 0.08‰ in ~6 min 



Why Sulfur Isotopes? … Cosmochemistry 

Oxic Anoxic 

Sulfur isotope anomaly in sedimentary rocks is the  
only atmospheric indicator of the late oxygenation  
of Earth’s atmosphere: 
 
Anoxic = no ozone = increased UV = SO2 photolysis  
 



Why Sulfur Isotopes? … Arsenic pollution 

In soils and dams, the bioreduction of sulfate to sulfide (as H2S(g) and  precipitated FeS 
and pyrite) has led to large amounts of H2S released in the atmosphere and to the 
exposure to toxic geogenic arsenic of 60 million people in SE Asia via drinking water.  



Objectif : comprendre l’aridité de la stratosphère  
Réalisation : appareil pour la mesure embarquée 
Campagne AMMA, été 2006 Burkina-Faso : avion stratosphérique M55 Geophysica 

Rapports isotopiques de l’eau 
E. Kerstel (CIO/Groningen en 2006) 

Les profils isotopiques obtenus concordent 
assez  bien avec les prédictions des modèles. 
Performances de l’appareil sont à améliorer… 

Isotopes Environ. Health Stud. 45(2009)303 



Laser IR– Avantages/Désavantages  

A priori transportable 
 
Faible consommation 
 
Fréquence de mesure 
 
Simplicité 
 

Sélectivité (construit 
pour un gaz) 
 
Précision moins bonne 
que IRMS 
 
Apparente simplicité 
 
Stabilité 


