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November 21 2003

Dear Mike:

Thank you for sending the reviews of our manuscript. As you indicated, the reviewers’ comments are helpful, and we have taken some time to think through and act on their suggestions. We have changed the original manuscript where indicated, and we have inserted our response into the reviewers’ text below, with the reviews in italics, and our response in normal font:

Review 1

The paper describes a technical and engineering tour de force, modifying

a commercial Raman spectrometer for successful application in the deep

ocean. On this basis, this paper should be published.
We agree that this was a “tour de force”, but were abashed about saying so. We are pleased at this comment, and at the reviewer’s statement that the paper should be published. In breaking (with some difficulty) this new ground, we overcame a number of conceptual and technical challenges that should help to significantly advance ocean geochemistry.

 Whether Deep Sea-Research is the appropriate venue is another issue, one that the editor will need to address. 

We are happy to have the Editor make this judgment call.  However the senior author first published in Deep-Sea Research in 1965, and has a particular affection for this journal and it’s central role in ocean science.

It's not clear to this reviewer that there will be much interest within the general oceanographic community on the details of the modifications necessary to put this instrument on an ROV and obtain preliminary data. None of the presented data solves any current major problem, and the authors have yet to show that they will be able

to do so with this approach. In the long run, the authors will need to convince the geochemical and oceanographic communities that this instrument will provide important new information, something this paper does not yet provide.

We appreciate the misgivings indicated, since an instrument development paper is not designed to address the issues raised here. The most fundamental change brought about by this development is the ability to sense geochemical solid phases in the deep-sea: particulates, precipitates, hydrates, etc. All the literature available to date addresses only sensors for the dissolved state. The change is profound, but perhaps difficult to assess as yet. However the literature we cite provides ample evidence for the strength of this approach. 

One minor note: p. 10, line 10, dissolved [N2]= 600 mM??

Yes, we goofed with this symbol – the concentration is ~ 600(M, and we have made the change in the revised manuscript.

Review 2

General Comments: The authors are presenting a manuscript detailing the development of a novel instrument for the study of deep sea processes. This work will certainly prove valuable to the oceanographic community and is obviously the beginning of what has already been a lot of work. This subject is certainly worthy of publication in Deep Sea Res., and the manuscript is well conceived, written and presented, and as such, is

a quality contribution to the scientific literature.  Despite this, there are several improvements that would help the manuscript.  Most notably, the experimental details of the data presented need to be presented somewhere so that we can better analyze the data.  I realize that it is not the focus of this work, but the details should be

available somewhere, especially given that they are not yet published elsewhere (the authors cite Pasteris et al., in preparation). 

We are pleased at the warm reception of our work given by this reviewer – yes, it has been a lot of work. The experimental details of the specimen data presented are given in the manuscript, but perhaps not at the level of detail the reviewer would wish. We do of course have that information, but have to make a judgment call about increasing the length of the paper, for the impact could be considerable. For example the mixed gas experiment we briefly describe on page 10 is now being prepared as a separate manuscript. We were able to observe in real time the changes in gas chemistry as CO2 dissolved far faster than N2, and to relate the observed changes to models of predicted behavior and rates. But this involves experimental design details, spectrum acquisition techniques, and numerical treatments that are well beyond the scope of this manuscript.

On balance we request that we be permitted to leave the discussion as is, and trust that follow on papers will provide the detail necessary – without having to recapitulate the instrument design and development details that are the essential focus here.

 Lesser issues are some incomplete discussions of the instrumental operation. Overall, the manuscript is certainly worthy of publication.  Detailed comments are summarized below.

Specific Comments:

Abstract:  Complete and concise.  I have one issue with the word choice of "interrogation" in the abstract and elsewhere.  While it is not strictly incorrect, it is a bit misleading and could more generally be called "examination" or "analysis".

We appreciate the comment, and have changed the wording to “analysis” as suggested. However we hope readers appreciate that obtaining a Raman spectrum is not identical with a conventional analysis. It really does feel that during an experiment at depth we are asking a question of the ocean by carefully placing a laser spot and asking (often literally) what we will get. Thus the original choice of wording was quite carefully considered.

Page 2 ( 2) -Introduction: There are several places in the manuscript where the authors refer to "this" without sufficient clarification.  For example, in the second and third sentences of the introduction use the word, but the sentence beginning "This has been greatly aided…" is confusing.  The authors should be more clear in their use of the term.

The guidance is appreciated. We have changed the text as suggested e.g. “This” has been changed (second sentence) to “Advances in measurement technique have been greatly aided …”, and so on.
Page 3 ( 1) -Introduction: One superb advantage of Raman spectroscopy for use in the deep sea that is not presented is the ability to look at small sample sizes, and, potentially, spatially heterogeneous processes.  Some acknowledgement of this advantage might be worthy.  Another advantage, somewhat ignored in the manuscript, is that water is

a weak Raman scatter, and as such, is largely transparent, thereby permitting analysis of immersed samples. 

We agree that the advantage to be gained from Raman microscopy, and scanning of heterogeneous surfaces, is considerable. However our in situ work has not yet proceeded to that point, so we felt diffident about including that in the manuscript. Guided by this reviewer we have inserted the words “The Raman technique can measure very small samples; it may be coupled with microscopy to probe fine detail, and can provide scans across a heterogeneous sample. However the instrument we describe here has not yet achieved this.” We respectfully disagree that we have not highlighted the issue of successful measurement of immersed samples.

Page 3 ( 3) -Introduction:  When discussing the use of Raman to study clathrates, it might be useful to discuss the specific advantages of in situ analysis.  For example, add that Raman is useful to better determine their unaltered structures, compositions, and the thermodynamics of clathrates. 

This is a good suggestion, and although hydrate specialists are well aware of this we have added the following words to the paragraph on page 3: “and in situ analysis would permit the determination of the unaltered state, cage structures, compositions, and thermodynamics.”

Page 5 ( 1) -Experimental:  When discussing the choice of laser wavelength it could be stated that these advantages hold in general for most environmental analyses.  On caveat is that fluorescence may be minimized somewhat by the use of 732 nm lasers.

We appreciate the accurate comment, but would prefer not to change the text on this relatively minor point of information.

Page 5 ( 3) -Experimental:  The number of pixels on the Andor camera is important but given a holographic grating, it is somewhat advantageous at least to point out the approximate change in Raman shift for each pixel (about 1 cm-1-) or the effective number of pixels on the camera (about 4000 since the holographic grating in their instrument produces two "lines" of diffraction data). 

This is a good point.  We noted that the CCD array was 2048 x 512 and the spectral range is ~4000 cm-1.  Since the spectral range is split into two stripes on the CCD, we have a maximum resolution of 1 cm-1 (i.e., ~2000 wavenumbers dispersed across ~2000 pixels).  The actual resolution of the recorded spectrum is also a function of additional instrument parameters, such as the slit width. We now state this more clearly in the text (p. 5) as: “The spectrum is split into two stripes on the face of the camera, thus providing a mapping of 1 cm-1.” 

Page 5 ( 4) -Experimental:  The authors' use of feedback and remote control of the spectrometer alignment is both critical and well conceived.  In the future it might be useful to put some sort of automatic feedback on this to keep it optimized. 

This is a good suggestion, and the positioner we are now developing will assist in this.

Page 6 ( 2) -Encapsulation:  Since the choice of fibers is important due to their pressure stability, it would be useful to elaborate on the type of fibers used, and the reasons for this pressure dependence.

The problem experienced with the initial fiber optic cables was high losses in the fiber optic connectors.  The cables we are now using are direct feed-through penetrating cables.  These fiber optic cables are standard, pressure-tolerant polyurethane jacketed underwater cables purchased from Falmat of San Marcos, CA.  Pressure testing performed at 

MBARI found very small pressure effects on the throughput of the cables. We have changed the text to reflect this.

 Page 8 ( 4-5) -Calibration:  The authors state that calibration varied and that regular calibration was required.  Since the authors do not present any details regarding this variation, it would be good to state how stable calibration was, and how effective the in situ calibration routines were for calibrating the instrument.

The primary need for re-calibration is due to disassembly and reassembly of the instrument.  The CCD camera must be removed from the optic bench when installing the spectrometer in its pressure housing. When the camera is remounted, the pixel positions can shift by as many as 50 pixels from their previous location (in both the vertical and 

horizontal directions).  This is due to tolerances in the camera mounting holes.  Small variations (on the order of a few pixels) can occur due to temperature and possibly pressure changes; thus the need for a calibration reference during deployment. We have modified the text to reflect this. The issue of calibration is dealt with in more detail in a companion paper recently submitted to Applied Spectroscopy.
Page 8 ( 6) -Calibration:  The sentence begins "This…" without stating what this  is.  The isopropanol-based calibration methods would be better.

Thank you. We have changed the wording to “The calibration is necessary …”

Page 9 ( 4) -Spectral Acquisition Techniques:  Again, since the methods of these experiments are not readily available, some brief discussion of them, in an appendix for example, would help  us to understand the authors' results more effectively.

We appreciate the concern of this reviewer, but Deep-Sea Research is a specialist journal for ocean scientists and the details of ship-board operation will vary depending upon the support vehicle chosen, and the continued evolution of this break-through technology. We therefore request that the present wording be allowed to stand.

Page 9 ( 4) - Spectral Acquisition Techniques:  The authors allude to the utility of the system to examine DIC.  Can this instrument measure DIC in real time?

We have not yet achieved analysis of DIC in sea water by Raman spectroscopy. However the references we cite show that the CO2 system components are Raman active, and spectra have been recorded at higher TCO2 concentrations in aqueous solution (see e.g. Oliver and Davis, 1973). We thus have drawn attention to this as a future possibility as techniques are enhanced. We have changed the text to read: “all 3 forms of the carbonate system (dissolved CO2, HCO3-, and CO32-) have Raman active modes, but we have not yet detected these signals in normal ocean waters.”

Page 9 ( 4) -Spectral Acquisition Techniques:  The authors discuss fluorescence; it could be useful to discuss how limited its use at shallow depths due to fluorescence (the spectrum at 25 m that is shown in the figures doesn't show that much interference, at least compared to other systems I have tried to examine).

The fluorescence of sea water is highly variable, and thus we cannot provide a single quantitative statement here. The problem of fluorescence will be more acute for analysis of oceanic solid biogenic phases, such as particulates that have been collected onto filters. We have not yet explored all the issues here because of the demanding laser positioning requirements mentioned in our manuscript. That work is however progressing.

Page 10 ( 3) -Sea Water spectra:  I would argue that sulfate is a useful thing to study in seawater.  Omit the generalization that it is not usually of interest to ocean chemists.

The advice is well taken, and we have changed page 10 to eliminate the generalization referred to.

Page 11 ( 3) -Liquid CO2:  The first sentence is awkward.

We have now modified the first sentence of this paragraph.

Figures:  The pictures are beautiful and show considerable engineering, bit some of them might not be that informative.  The spectra shown are all justified.  I will say that the figure examining the focal distance of the optics (Figure 10) indicates that it will be exceedingly difficult to determine the spectrum of a solid, fixed point (solids, etc.) on a ROV-mounted probe head.  This problem will only be more severe given the adaptation of a microscope objective view to the instrument for microanalysis.

We are pleased that the pictures are seen as beautiful. We do believe that they are informative given the lack of knowledge of the advances in Raman spectroscopy in the ocean sciences community. The positioning problem is indeed real, however we can already report success with the positioning problem (see our AGU Fall Meeting 2004 Abstract). We do not address the use of a microscope objective in this paper. We can send spectra taken of solids if the editor wishes.

Review 3

This is an extremely well-written manuscript describing a new instrument that has been tested at full-ocean depth.  The rationale for the instrument is described in the introduction as a sensor that allows in situ, real-time chemical characterization of gas, liquid and solids in the deep ocean.  The engineering of such an instrument in and among

itself is worthy of publication, but with the testing and possible applications discussed in this manuscript further warrant the publication of this development now, even as further developments are being made.  It is clear that the instrument can operate successfully in

the deep ocean.  The deployment on existing ROVs is exciting, and given the details of the instrument provided, others can begin to imagine applications and opportunities with other deployment scenarios. 

Thank you. We appreciate the kind words.

The main issue is one of application. As the authors indicate, the problem with Raman instruments has always been their insensitivity. There needs to be a large variation in a signal and a lot of the Raman active compound to make the instrument worthwhile.  The applications described in this paper are promising.  Pure gases trapped near the

bottom of the ocean in an open-bottom sample cell will allow bulk gas analysis with application to bottom vents and CO2 disposal experiments.  Liquids seem less likely candidates given the great constancy of seawater, but possibly the sampling of pore waters or venting waters yields promise.  The issue here is how to get pure liquid samples given the environments from which they arise?  Mixtures of liquid and solid

(sediments with their pore waters) probably lead to complex signals that vary with sediment type and amount in the focal area.  I anticipate that looking at mixtures with such an insensitive instrument might not yield much useful information.  However, coupled with a liquid sampling device, the DORISS system might yield some nice applications. 

We appreciate the issues raised here. We interpret these comments as sound longer-term advice, but not requiring modification of the existing manuscript.

 Finally, in application to solids, the effort to identify hydrates and minerals

of various types offers great promise.  I anxiously await the precision focusing capabilities to examine whether real solids in the deep ocean can be differentiated.  There are of course a couple questions that came up in reading the manuscript.

1.) Why is the second KOSI instrument (the unaltered one in Washington, St. Louis) even mentioned?  Is any of the data from that instrument? What was learned from the unaltered instrument, or is all the design, engineering, and application data in this manuscript from the DORISS instrument?  While I appreciate the next paper on Raman spectra of various materials from a lab instrument, the introduction of the twin instrument led me to ask what it offered to this paper.

The second KOSI instrument was crucial to the development effort described here. In brief the modifications to the MBARI instrument were so extensive, and the path of trial and error so difficult, that we had to have an “unaltered state” to return to for verification of the field unit. That verification was provided by the WU lab. instrument, and the constant interchange of data and information between the two groups allows us to report in this manuscript with considerable certainty that spectra obtained from the sea floor are of laboratory quality.

2.) I would like to see slightly more specifics on the 2 "interchangeable sampling optics".  While Figure 3 shows them, I am not sure how interchangeable they are (does the hemi-spherical shell come off and is replaced by the metal probe?  How long does it take to switch these?  Is a different kind of alignment necessary after switching?  How is it determined which of these geometries to use?

The two sampling optics require different pressure housing end caps. The standoff optic is used behind a glass dome window (shown assembled in Figure 3).  When the immersion optic is used, the dome window is replaced by a flat titanium end cap with a gland seal that seals around the protruding optic with a plane sapphire window.  This has been clarified in the text. We determine ahead of the dive which optic will be appropriate for the target we anticipate. Since the range of focus is far greater for the standoff optic this offers more flexibility, albeit with somewhat lower sensitivity. The time taken is a few (3-4) hours, mostly for fine scale adjustment to achieve maximum laser output. We have added this comment to the caption for Figure 3.

3.) Bottom of page 7-While it is great to know how warm the various parts get during deployment and what humidity levels are reached, I was left wondering if those tolerances were acceptable or not.  Is there an effect or possible effect under these conditions or not?

The electronics housing does warm up when operated sealed in the laboratory. The humidity sensor is primarily for leak detection, and we have successfully recovered the instrument when we observed a slow increase in humidity. Under normal oceanic operating conditions the instrument runs within manufacturers specifications.

4.) I always thought that "seawater" was one word rather than "sea water".  Is either one correct?

We leave this choice to the editor.

5.) Top of page 13-While the quote from Raman was a nice touch, I was left wondering what does cause the blue opalescence that he observed?

We too enjoyed the quote from Raman. The color of the sea is dealt with in great detail in the ocean color satellite community. We suspect that the epiphany experienced by Raman was influenced by the planktonic scattering and absorption of light. 

6.) All figures and references are of good quality and necessary.

Thank you. We considered adding a longer list of key references to the Raman literature, but felt that readers of Deep-Sea Research could request more information if it was needed.

Overall, I would recommend immediate acceptance of this manuscript for publication.  If the above comments are addressed, the paper would be slightly better.  This is an extremely well-written manuscript describing significant development of a new and potentially powerful instrument.  The oceanographic community should hear about it now so that various applications can be developed.  

Again, thank you. We hope to produce a much smaller and user friendly version in the years ahead.

