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Project Title: 

Development and deployment of an R.O.V.-based in-situ mass spectrometer (ISMS)

1) Abstract (new and continuing projects)

MBARI is leading the development of specialized instrument packages for studying environmental chemistry, and there is currently demand for an instrument that is capable of quickly and reliably quantifying a wide range of dissolved gasses and chemical compounds in situ. Mass spectrometers are capable of detecting the broadest range of compounds with a single detector. 

For the last year, we have focused our efforts on ascertaining the feasibility of developing a mass spectrometer to meet the needs of the institute.  To that end, we have discussed the instrument with individual PIs, as shared our design strategy with all those who attended the mass spectrometry brown bag seminar (date??).  We also investigated the possibility of purchasing an instrument in lieu of designing our own.  The results of these efforts have suggested that purchasing a commercially available instrument is both more expensive, and less useful to the institute.  The instrument we have been designing is both relatively low cost and (theoretically) highly sensitive, and may be the most affordable and sensitive means of surveying dissolved gasses in the marine environment.

We have purchased a quadrapole mass spectrometer, vacuum pumps, a vacuum gauge, and the necessary components to assemble a functional land-based system.  We will begin testing sensitivity shortly, and begin developing the appropriate sample inlet systems for use in the water column and in sediments.  We have also designed an instrument that is capable of running on 24V DC power, making it likely that adapting the ISMS for use on the AUVs will relatively easy.

Several other organizations, including the M.I.T. department of environmental engineering, J.P.L., the University of Southern Florida, and the Teschniche Universitat Hamburg-Harburg have developed in-situ mass spectrometers (ISMS) for oceanic deployment.  Most of these instruments have been designed with large-scale oceanographic features in mind.  The only commercially available mass spectrometer (InSpecter by ISE) is a membrane-inlet device designed for use with a specific AUV at depths to 200 meters.  This limits the utility of this instrument to MBARI, due to both limited performance and application. 

We believe that an ISMS deployed on the ROVs would be of tremendous benefit to a large number of researchers at MBARI.  The capabilities of an ISMS includes (but is not limited to) quantifying carbon dioxide, oxygen, methane, sulfide, helium, and hydrogen concentrations, to name a few of the compounds of great interest to many MBARI researchers.  As such, we would like to continue our development of this instrument, and attempt a deployment in 2003.  Development for use on AUVs may follow in a later funding cycle, pending the results of this study. 

2)
Proposal

Approach to the problem (new and continuing projects)

For the last year, we have focused our efforts on ascertaining the feasibility of developing a mass spectrometer to meet the needs of the institute.  We began by investigating the possibility of purchasing a commercially available mass spectrometer.  The only commercially available model (InSpectr: http://www.aml.bc.ca) is large, heavy, and dedicated for use on one vehicle.  Also, it is limited to use in the upper 200 meters of the ocean.  We attended the conference on harsh-environment mass spectrometry, and determined that the miniaturized mass spectrometers are not sensitive enough and should be avoided for this application.  Based on performance specifications and size, power and weight issues, we purchased a quadropole mass spectrometer (Stanford research Systems, Inc.) that could be powered on 24V DC, was capable of remote operation, was capable of quantitative analyses via peak integrations, and appeared reliable and use-friendly.  We have also ordered a newly developed hybrid turbomolecular pump (Alcatel, Inc) that is also powered off 24V DC.  These features allow this instrument to be powered off of batteries.  Power drawn is 75 watts, making its use on the AUVs or on moorings quite feasible.  These two components form the core of the future in situ instrument, and their sensitivity and robustness will be tested thoroughly late this year (see below for details).  

The development of the inlet systems is ongoing, and has been hindered by the inability to use allocated mechanical engineering time (namely, Jon Erickson).  However, we will begin by adapting the mass spectrometer for use with a membrane-inlet system designed for use with the METS sensor (capable of deployment to 2 km).  This will allow us to test the sensitivity, reliability and response time of the instrument with a membrane inlet.  It should be noted that the use of an high-pressure membrane inlet is appropriate for water column analysis, and examining all aspects of this membrane inlet (lag times, perforemance of different polymers) will allow us to provide future users with quantitative data on its characteristics.  For this proposal, we hope to procure mechanical engineering time to aid us in the design and development of a discrete sampling system, in which a small parcel of water is captured at pressure in a sample loop, is depressurized, and then introduced into the system for analysis.  We believe this will greatly enhance response times by eliminating the large diffusion dostances.  It also allows for the possibility that discrete samples of porewaters may be taken for analysis.  A preliminary filtration and pumping system has already been tested in sediments, although its applicability to the ISMS remains to be determined.  

In all cases, the inlet systems will be tested using a series of standards (in which gasses have been dissolved to known concentrations), both at atmospheric and at high pressure.  This is critical prior to deployment, as it will allow us to ascertain the sensitivity and response tiems of each inlet system, as well as the mode of failure (when operational pressures exceeded), and the rate of failure (i.e. is it catastrophic, or can devices be implemented to save the instrument).

Also, we hope to continue our discussions of the instrument with individual P.I.s, as well as with all those interested in mass spectrometry.  There is apparent interest in this instrument, however we feel that many of the P.I.s are not familiar with the capabilities and limitations of mass spectrometers.  To that end, we hope to continue our mass spectrometer “outreach” program, and invite P.I.s to participate in the design of inlet and sampling systems by sharing their instrumentation needs.  We hope to accomplish this in both a public forum, such as continuing Brown bag seminars, and in one-on-one conversations with the PIs.  To date, there is interest in using the instrument to map methane concentrations in hydrocarbon seeps, to map methane concentrations near putative hydrate deposits, to survey for dimethyl sulfide in the water column, to map oxygen and carbon dioxide concentrations during algal blooms, and to conduct in situ respirometry on gelatinous zooplankton.  As such, we believe that the instrument will be of use to MBARI researchers, and that increasing their familiarity with the instrument through personal involvement will benefit all those involved.

Our primary objective for the coming year is to test the sensitivity of the instrument, to test the various inlet system designs, and build or purchase the housing, and to deploy the ISMS.  These goals will require that we employ the use of mechanical engineers at MBARI to develop the inlet systems.  The housings may be purchased (this will save mechanical engineering time for other tasks).  

· Field programs

· Data reduction and analysis

· Proposed duration of project and approximate plan of action  

Once an inlet front-end for ISMS has been field tested with acceptable sensitivity levels in the quadrapole mass spectrometer, this project will have achieved its’ objectives for year 2003.  Any continuing work in year 2003 would be field testing this experimental instrument on Ventana and Tiburon within other projects to gain additional field experience with it.  Any subsequent work would be second-generation instrument development and transitioning the instrument to Operations.  This would be the purview of a follow on proposal for year 2004.    

c)
Specific deliverables (new and continuing projects)


The current feasibility study has concluded that the ISMS is worth further development, we will soon deliver a proof-of concept report that details our progress and designs, and allow for the construction or purchase of a housing and chassis in early 2003.  Then, we plan on deploying the housing without the instrument, beginning in shallow water and continuing to the fully rated operational depth.  Next, we will include the mass spectrometer, and attempt to profile the water column from the surface to the operational depth limit.  Should these tests be completed successfully, and should this project be funded for 2003, we expect to deliver an operational instrument by the end of the year.  we expect to deliver an operating field tested instrument suitable for transitioning to Operations for regular use. 


Investigators from other institutions, including NASA-AMES, have expressed great enthusiasm for this instrument, and are willing to offer us participation in expeditions to test the ISMS.  One possibility includes profiling the dissolved gas chemistry of a warm-water spring, coupled to microbial diversity surveys, in Yellowstone National Park with Dr. Tori Hoehler.  These and other offers will simply be considered on a case-by-case basis.  

d)
Project team (new and continuing projects)

In the interest of continuity the project manager will be Ken Johnson.  Instrument development will be handled primarily by Peter Girguis, Gernot Friederich and Jon Erickson.  Engineering and machining will be handled by Jon Erickson.  Peter Girguis and Gernot Friederich will use their combined expertise in chemistry and mass spectrometric techniques to develop the most sensitive and reliable instrument possible.  For the duration of this feasibility study, the project team will continue to coordinate their efforts and insure that all aspects of the project are addressed.

Project Lab Space (new and continuing projects)

Because this project involves several members from different groups, we are requesting temporary use of a lab in building B.  This project is expected to end in one year’s time, and as such the lab can be vacated by September 2003.
3)
Budget Justification (new and continuing projects)

Provide a detailed budget justification here for all expense resources you requested in the MBARI Budget Entry web, including reason for travel, “make” versus “buy” decisions, etc. 

4)
Milestones (new and continuing projects)

Appropriate milestones must be included here. A milestone is defined as a significant event represents completion of critical elements of the program. Examples of possible milestones include creation of requirements document, completing design, completing fabrication, testing, field deployment, presentation of results at meetings, manuscript completion, documentation submission, etc.  Distinguish tasks that must be done sequentially versus those that can be done in parallel. If you would like to include more than 5 milestones, extend the table or add a new table.

Milestone 1 
Milestone 2
Milestone 3
Milestone 4
Milestone 5
Total Resources 
 for each resource category for all milestones listed here

Milestone date
4/1/03
4/30/03
6/1/03
8/1/02



Milestone description
Front End Inlet Design
Inlet “Bread Board” Testing
At sea inlet/pressure case integrity testing.
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� This number should be same as the number you entered on the resource requests for this particular resource





