
13C of
the CO2 emission to propose a non-intrusive method to monitor in situ biodegradation of
hydrocarbons. In the contaminated area, high CO2 emissions have been measured with an
isotopic signature � 13C suggesting that CO2 comes frompetroleumhydrocarbon biodegradation.
This first field implementation shows that rapid and accurate measurement of isotopic
signature of CO

12C
(labeled � 13C) characterization allows a better understanding of
the biogeochemical mechanisms of the C cycle leading to the
CO2 emissions (Ghosh and Brand, 2003). Biogeochemical
processes as photosynthesis, photorespiration, and soil micro-
bial respiration come with isotopic fractionation of � 13C/12C of

the carbon atom (Schweizer et al., 1999; Ekblad and Högberg,







measurement method (CO 2 emissions at ground surface
with isotopic concentration ratio 13C/12C determination).
Geophysical methods and the combination with the gas
analysis method are widely discussed in Noel et al. (2016a,b).
The aim of the present paper is to demonstrate that a gas
analysis method at ground surface could be promising to
provide a new methodology for in situ monitoring at the level
of the current performances of SPIRIT.

2.1. State of the art CO 2 as a tracer for biodegradation of
hydrocarbons

During hydrocarbon biodegradation, there is production and
emission of CO 2 (Kaufmann et al., 2004), and even carbon
isotopic fractionation. Indeed, molecules with lighter isotopes
12C could be preferentially degraded by bacteria (Meckenstock
et al., 2004). Thus gas phase-released CO 2 will be enriched in
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Fig. 5 – (a) CO2 mixing ratio and (b) � 13C versus universal time (UT) and (c) � 13C versus 1/CO2 during sequence C for collar number
16 at 13:49 UT on 2 August 2014. Sequence A: calibration with standard cylinder labeled C3 (CO 2 406 ppmV; � 13C � 43.20‰
VPDB); sequences B and D: ambient air analysis; C: flux measurement from collar; E: same as A for drift analysis.
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