In-Situ Mass Spectrometer (ISMS)

Quadrupole mass spectrometers are instruments that can measure a wide range of gaseous compounds, including many of interest to MBARI scientists; co2, methane, oxygen, sulfide, etc.  

Because of their flexibility and high sensitivity, mass spectrometers have been very useful in terrestrial biologic, chemical, and geochemical research.  There is ongoing interest in adapting this technology for use in oceanography, but the difficulties of sustaining the necessary vacuum while allowing in only dissolved gasses has posed a formidable challenge to developers. To our knowledge, the instruments currently available at other institutions are effective but limited in their application (e.g. incapable of working deeper than 200 meters), or are still in the developmental stages.
We have focused our efforts during the last year to studying, designing and eventually constructing a membrane inlet system that provides the requisite reliability and sensitivity.  For obvious reasons, one of our primary functional requirements was to design this inlet system with a depth rating of 4000 meters (~6000 psi.).  While designing a membrane inlet to withstand 6000 psi. poses substantial engineering and analytical challenges, we believe that the benefits to this approach, in particular the vast reduction in instrument complexity, warrant the effort.  The alternative is a complex series of valves, piping and controls to depressurize the sample prior to insertion into the mass spectrometer.

To date, we have demonstrated that our membrane inlet system is capable of sustaining 6500 psi. for a period of hours. We have yet to test the inlet to failure.  We are also in the process developing a safety shut-off system to protect the instrument at pressure.  Since even a small leak across the membrane or elsewhere would be catastrophic to the spectrometer.   We have started to characterize both sensitivity and response time of the membrane inlet, and have used this inlet with our quadrupole mass spectrometer to detect and measure a suite of dissolved gasses in both oceanic and hydrothermal vent seawater at 4000 psi., while at sea.

In addition, we have started some lay-out and prototype packaging schemes for bundling the instrument for deployment.  We intend to test this instrument in the ocean during the coming year.  

Because of its relative simplicity and moderate cost, this is the type of instrumentation that could be used as a replacement for several separate sensors aboard an ROV or AUV both here at MBARI and at other institutions. This would provide continuous real time sampling of dissolved gases anywhere in the water column.  Additonally, with suitable pumping or sub-sampling equipment, this would allow seep and pore-water investigations as well.

