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Abstract:

The field of Laser Raman Spectroscopy has been expanded to include operations and science taking place in the deep oceans of the world. The difficultly has been in placing and controlling the sample properly within the illuminating lasers field. The Monterey Bay Aquarium Research Institute (MBARI) has developed and tested the first integrated system to address this issue. 

Dr. Peter Brewer and his laboratory at MBARI have been developing laser Raman technologies for the deep sea since the 1st quarter of 2001.  In that time experiments have included numerous lab trials and collection of spectra in the deep ocean at depths of 4000 meters [1]. Until recently the in situ efforts have been limited to specimens that allow for laser focus to be flexible within the body of a liquid, such as CO2, thus alleviating the problem of laser spot focus on a surface or particular point. Dr. Brewer and his team have since developed a new technology which allows for sampling of solid samples, surfaces, microbial mats, and other targets of interest with precise control of the laser focal point. 

This paper outlined the details of the enabling technologies. How they have been assembled, proven in the lab, and ultimately how they have performed in the field on natural samples. The results also include the apparatus for collecting deep gas samples and addressing the challenges associated with manipulation and Raman spectroscopy of those samples. 

Introduction:

detailed explanation of what this is all about - what are the motivations for LRS in the deep sea, who are we teaming with on the outside, what goals do we have to accomplish for science, ?? 

Background: 

what work has been done to now in LRS for the deep ocean, here and elsewhere (I think this is important that technologically we have a clue about what other are doing). An assessment of the state of the art at the time we began this project. what we had accomplished up to this point. what we determined were the science drivers which pushed us to move forward from a simple LRS. what were the derived requirements as a results of the science drivers (what did engineering come up with based on technology limitations, etc.). We need to include something about the trades we made and why the solutions we selected were appropriate to meet the specifications. 

Technology - Design and Configuration:

This section describes how we implemented the concept outcome from above. this is the detailed section of the system and how each piece makes the whole. It is also the place that we show we have given specific consideration to the integration on both ROVs, how we made DORISS changes to accommodate each platform, and how each element was selected and determined or tested to be right for our application. This is the section where we also include the engineering testing, cold room, tank and otherwise. The specific performance actual results are compared to the requested science inputs to show me meet the needs of science

Laboratory Results:

in this section I think we have the science results showing that the DORISS/PUP system does offer comparable results to known entities. we should also demonstrate that the system offers new capabilities in the lab and tank (cold room ??) meeting the specifications from science. I think Sheri will have the majority of this section showing the spectra collected in comparison to standards or whatever she deems to be appropriate. 

Field Results: 

This is pretty obvious, again I think Sheri will fill in the details from this section and tell us what she needs from us. My guess is this should consist of a series of spectra from the basic doriss early days in the field through the current solids capability from the last set of experiments. My thinking is this section shows needs to have the in situ data that you couldn't get without a PUP type system integrated to doriss. 

Conclusions: 

The additional capabilities to in situ laser raman for the deep sea are greatly enchanced by PUP. 
Without such a system the doriss (or systems like it) are incapable of taking surface measurements of solids (based on the known technology in the literature search). 

The ability to scan over a surface and repeat the process in situ for data collection is unique. The ability to see your target in detail and specify as a scientist the exact location you wish to target is again unique. To operate with complete confidence in the system that the immediate raman results are truly representative of the specimen in question as depths of 4000 meters is unique. These capabilities in conjunction with laboratory results allow for completely new ways of sample gathering and understanding the oceans. 

This technology will continue to impact the study of the ocean and the understanding of natural gas vents, fluid venting at hydrothermal sites, geologic formations, hydrate studies, and microbial communities to name a few topics of immediate interest. 
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