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It is well known that emissions of fossil fuels lead to an en-
hancement of the Earth’s greenhouse effect. Therefore, it is im-
portant to improve our knowledge about the carbon cycle, in par-
ticular the distribution of carbon dioxide in the atmosphere. Until
recent years, mainly ground-based measurements were performed.
Hence information about vertical distribution was lacking. In order
to learn more about tropospheric CO, at high altitudes, we took
advantage of the logistics of the already running CARIBIC proj-
ect (http://www.caribic-atmospheric.com). Oxygen concentration
— an additional constraint for the carbon cycle — is linked to varia-
tions in CO, due to photosynthesis/respiration processes as well as
fossil fuel emissions. There are different principles for continuous
oxygen determination, but most are vibration dependent and not
suitable for moving platforms. We decided to use the fuel cell tech-
nology for our precise oxygen measurements and a conventional
infrared absorption instrument for CO,.

The principle of the electro-chemical cell or fuel cell is based
on the oxidation of a light acidic fluid within the cell producing a
small electron current, which is transformed into a small voltage in
the mV range over a resistance. The output of the fuel cell varies
linearly with the oxygen content of the sample.

Annual changes in CO, are in the order of 1-2 ppm, therefore
variations in oxygen are of similar absolute magnitude. This corre-
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Design of the fuel cell for oxygen monitoring (Figaro, USA, Inc.)

sponds to changes in the order of 0.0001 percent oxygen at a mean
concentration of 20.95 percent. In order to achieve this precision
temperature, pressure and gas flow have to be controlled to the
highest level possible. The graph documents a comparison of two
oxygen technologies, the fuel cell and the paramagnetic principle
for a laboratory experiment. Despite an offset, which is calibration
dependent, a good consistency was observed.

Our instrument is mounted on a cargo-container of a Lufthansa
Airbus passenger airplane. Up to now about 60 flights have been
performed. Results have shown that the precision for oxygen is
not yet reached in comparison to CO,, mainly because of the high
temperature sensitivity of the fuel cells. A long-term temperature
stability of 0.01 °C is required.
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High resclution O, measurements (3 seconds)
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Comparison between the paramagnetic and fuel cell method

View of the fuel cell
setup in an Airbus
passenger airplane

Can you show us your analytical highlight?
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