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Please indicate percentage of effort on this project anticipated for 2018 toward these three highest institutional goals (percentage total should equal 100%).
	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer


	Percentage
	40
	40
	20


1) ABSTRACT (new projects only)
2) PROPOSAL
a) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
In 2017 substantial progress was made on both the science and engineering components of this project. The scientific activities centered on the collection of and (current) analysis of samples taken from a modified detritus-sampler (see Figure 1) employed on both ROVs in 2016 and more recently in 2017, using ship and ROV days allocated to this project and shared with those allocated to the Midwater Ecology group. Working in tandem with engineering efforts (see below), these scientific activities have been invaluable in determining approximate microplastic particle concentrations and sample volume requirements, highlighting key sampling and contamination challenges, and providing samples to refine the post-sample processing that will inform future work. Scientifically, this collection of samples represents a unique and likely first-of-its kind effort to quantify and characterize the sub-surface distributions of microplastics through epipelagic and mesopelagic depths, in Monterey Bay (depth range:  surface to 1000m). Additionally, the project team has made progress in understanding some of the ecological and food web implications of microplastic debris in oceanic ecosystems. Firstly, samples for future contaminant analysis from across multiple trophic levels continue to be collected opportunistically in concert with Bruce Robison’s group’s activities and ship / ROV time. Secondly, we’ve written up and have a manuscript just accepted for publication in Science Advances detailing the results from in-situ feeding studies involving giant larvaceans and microplastics across a size range representative of microplastic particles found in the ocean. This manuscript describes a unique transport mechanism whereby giant larvaceans filter microplastics directly from the water column and transport them to deeper waters (and the sea floor) through sinking fecal pellets and discarded houses (sinkers).
Although the samples taken with the detritus-sampler aboard the ROV are to provide very useful data, the use of that sampler has highlighted shortcomings of the ROV-based approach. In particular, we were challenged to control multiple sources of contamination, and flow-restrictions caused by the use of check-valves, which limited filtering rates and volumes.
[image: image2.emf]
Figure 1:  Modified detritus sampler and single 100-µm filter inset, as deployed on ROV Doc Ricketts in 2016, and ROV Ventana in 2017. Drawing and design by Ben Erwin.
The engineering activities have initially been aimed at evaluating the requirements for an autonomous (non ROV-based) task-specific sampler, and developing a concept design. The requirements, trade-offs, and resulting concept design were reviewed in a concept design review meeting in May of 2017. This meeting was well-attended by both science (Ken Smith, Chris Preston, Shannon Johnson), engineering (Larry Bird, Dale Graves, Scott Jensen) and DMO (Jared Figurski) parties interested in the project.
The engineering feasibility study highlighted several important trade-offs that must be considered in developing a sampler intended to map the water column distributions of microplastics and investigate ecological food web implications. In particular, issues of contamination, sample size and rate, type of host platform (ROV/CTD-wire/AUV), and the number of samples collected per dive/cast are the most important areas to consider and are inter-related. The preliminary ROV testing has indicated particle concentrations that need to detected are on the order of ~10 per 1000L of water. At this level, contamination from the host platform, or between samples, is a concern. Unfortunately, quantifying the effects on signal-to-noise ratio of various design decisions is challenging. It is clear that the rudimentary samplers used on-board the ROV are poorly suited in this regard because of contamination potential from the large, complicated ROV itself, and because it is necessary to open the samplers and remove the filters on board the ship between dives. From this experience it has been determined that an ideal system would have two primary features; one is a sampler component that can be sealed in a controlled laboratory setting, be open to the environment only during the sampling time, and then not be opened again until it is returned to the lab. Second, this sampler device would be designed to be as “clean” as possible, with a minimum of crevices that can trap contaminants, simplifying the care that must be taken during transport and use. In general, the simpler but less capable the device is, the easier it is going to be to manage contamination. For example, multiple samples per cast are highly desirable for time-efficiency, but introduce an increased chance of cross-sample contamination. A survey of existing samplers has been made and none have been found that meet the flow-rate and quantity requirements, as most are aimed at substantially smaller volumes of water filtered across finer mesh filters.
Upon consideration of the requirements and trade-offs, the concept proposed here is an autonomous sampler that can be deployed over the side of the Paragon (or other boats with suitable over-boarding cables), and incorporates interchangeable samplers that can be sealed and filled with clean water in the lab. The proposed sampler will have the capability to sample up to 5000L of water through one or more 100-µm filters. Because of the power requirements to sample this much water at a reasonable rate (100-250 L/min), we propose that the device operate from an interchangeable re-chargeable battery pack to avoid the cost/complexity of transmitting power down the wire at high voltage. The conductors in the CTD wire aboard the Paragon will be used solely for communications to allow the operator to start and stop the sampling, monitor the depth the device is at, and index the samplers as needed. The minimum requirement for the initial device is one sample per cast, as part of the preliminary design process; multiple samples per cast will be considered and included if the risk of cross-contamination is small. In any event, multiple samples per cast will be maintained as an upgrade path, along with the possibility of sending power down the wire to increase the sample size that is possible per cast, and for convenience.
The concept of operations for this device is that one or more filter holders will be prepared in the lab and filled with clean water. Once on site each filter holder will be inserted into the sampler system and a cast made to the desired depth. Depth will be monitored on board the boat and the sample initiated at the desired depth. Once the desired sample volume has been filtered, the pump will be turned off and the sampler recovered. On board, the filter holder and battery pack will be swapped out and the process repeated. By re-charging the battery packs on-board during subsequent casts, only two battery packs will be required. The number of samples taken per cruise will be limited by the number of filter holders prepared and the time available. Filter holders will remain sealed until they are returned to the lab, reducing shipboard contamination. To increase time efficiency, a variant of this concept that includes the capability to carry several filter holder assemblies and index between them, is also under investigation. This approach increases the risk of sample cross-contamination, but will increase the number of samples that can be taken and introduce the possibility of replicate samples from a specific depth and location. Ultimately, the total number of samples per cast will be limited by the battery capacity included.
The concept design currently in refinement does not make special efforts to create a particularly “clean” device. For instance, it’s possible to imagine that the device that would be least prone to external contamination would look like a smooth sphere with only an inlet and outlet port visible. However, the design and fabrication cost of such a device would be significant and operations like swapping filter holders or batteries would be complicated. For these reasons, a more standard modular device consisting of independent housings for batteries, motors, pumps, and control electronics is currently being pursued. The amount of plastic in the system will be minimized but cannot be eliminated; o-rings and jacketed cables are unavoidable in this modular approach. If a more refined device becomes desirable, many of the components (pumps, batteries, flow-sensors, etc.) could be re-used and the lessons learned in the fabrication of the first generation system proposed here will be invaluable.
The intent is to develop a system that does not depend upon an ROV, in order to drive the cost per sample down such that the larger number of data points needed to create a reliable estimate of plastic particle concentrations in the ocean, can be realized. Divorcing this sample methodology from a boat entirely by operating from an AUV is tempting and ultimately a long-term goal of this joint MBA-MBARI project, but currently, the energy levels required for these sample sizes makes this impractical. The optimum cost per sample almost certainly will result by developing a stand-alone sampler that can be operated from a variety of small boats. The particulars of the concept design and the work required to refine this design and build are described in the “Engineering/technology development” section below.
Significant changes from previous project proposal
The project is proceeding largely along the plan outlined in the first-year proposal. As described in the opening section, during the first half of 2017 the project team has focused efforts on understanding sampling requirements and provisioning a usable set of samples given best available instrumentation and sampling platforms (i.e., MBARI ROVs). In the second half of 2017 the project team will complete our feasibility study and concept design, and evaluate whether or not existing 2017 project resources can be allocated to jump start purchasing and testing of certain instrument components. Additionally, the science team will aim to summarize existing food web data to understand preliminary results and gaps.
To date, the work done in 2017 has highlighted that post-sample processing (i.e. imaging, quantification, and material identification of potential particles) is laborious, expensive, and critically important. For this reason, activities are included in this proposal to refine these techniques and move them to the Aquarium’s Ocean Memory lab facilities to manage costs (see MBA-MBARI Prospectus Proposal).
Publications based on the results of this project only
1. Katija K*, Choy CA*, Sherlock RE, Sherman A, Robison BH. In Press. From the surface to the seafloor: How giant larvaceans can move microplastics into the deep sea. *Equal first-authorship. Science Advances.
b) New and Continuing Projects: Plans for 2018
This collaborative project has formed an active and thriving research partnership between MBARI scientists and Monterey Bay Aquarium (MBA) research staff, and centers on a timely and important topic of pervasive plastic pollution. As has been accomplished with 2017 funding, we seek shared salary, research, engineering, and ship time support for this project in 2018. Briefly, we anticipate that Anela’s salary (~6-8 months) will be supported by MBA in 2018 and the sharing of ecological research costs. In turn, we request support from MBARI for engineering, supplies, and ship time (Paragon) in 2018.
Research Activities
In 2018 the project team intends to focus on post-sample processing efforts to quantify and identify / confirm plastic particle identities from collected samples, and most importantly to present results in a peer-reviewed publication. Currently, a new collaboration is being explored with Arizona State University (ASU), who host a Raman spectroscopy set up and accompanying spectral library for different plastic types. ASU is analyzing the filter samples collected from depths 0-1000m in April 2017, and once the results are in the science team will push to quickly synthesize results and present them in a high profile peer-reviewed publication. Beyond this initial collaboration with ASU, if this area of research is to be a continued focus for MBARI / MBA the project team recognizes the need to develop in-house analytical capabilities for the quantification and identification of plastic particles. In 2017 the team has begun evaluating the ability to capitalize on existing MBARI resources (instrumentation and expertise) within the Brewer lab, specifically with the assistance of Peter Walz. Kyle Van Houtan (MBA), of the project team, has identified a longer-term goal of building this capacity into MBA’s future “Ocean Memory Laboratory” using a combination of existing MBARI instrumentation (Laser Raman) and future equipment funds. In addition to supporting Anela’s 2018 salary, these efforts will form the support basis for MBA’s continued, matched support of this project. For more information, please see the MBA-MBARI Prospectus proposal, led by Van Houtan and Scholin.
The project team will also focus on synthesizing, interpreting, and presenting for publication plastic-related contaminant and stable isotope Monterey Bay food web data that will continue to be generated in 2017. These data will link water column microplastics data generated in 2017 to larger food web implications for the movement of plastic-related contaminants through diverse trophic pathways. Samples will continue to be collected opportunistically in collaboration with ship and ROV time within Robison’s Midwater Ecology project, and the project team looks forward to filling sample gaps and provisioning results in a peer-reviewed publication. In terms of science-related products, this will result a number of important and timely manuscripts, each addressing a significant and unique facet of the marine plastics problem, which has been identified as a critical ocean threat by the Packard Foundation in 2017 (“Our Shared Seas: A 2017 Overview of Ocean Threats and Conservation Funding” report). Briefly, in 2017 we will see through the publication of our paper on the transport of plastics, “From the surface to the seafloor:  How giant larvaceans can move microplastics into the deep sea” (Katija / Choy et al., Science Advances; in press), which focuses on ecological transport mechanisms for microplastics across the full water column of Monterey Bay. We will follow this publication with one resulting from our ASU collaboration, quantifying and characterizing for the first time, the vertical distribution of microplastics in the water column of Monterey Bay.
Engineering/technology development

As led chiefly by Andy Hamilton, the plan for 2018 is to complete the design and fabrication of the system reviewed in the recent Concept Design Review, and put it into use in engineering tests at a minimum. The resulting device will be deployable from the Paragon, lowered to the desired depth by the winch on that boat. Figure 2 illustrates the basic components of the proposed system in a block-diagram. The flow-meter component and control-electronics were designed and tested at sea as part of the March, 2017 ROV dives, so that part is complete. The pump and battery components have been identified and the various housing and mounting design tasks are still to be completed. The aim is for the resulting system to be no larger or heavier than the existing CTD rosettes used on the Paragon to ensure this system can be managed aboard that boat.
Most of the system is straightforward from the engineering point of view (pumps, motors, electronics, etc.). The component that will take the most engineering development is the swappable filter-holders themselves. The changing pressure environment, sealed device requirement, and the testing required to validate an acceptable level of contamination and sensitivity, are the higher risk elements of the design. In the time, expense budget, and ROV dives remaining time in 2017, efforts are underway to prototype this component to minimize risk and to find the subtleties of the requirements that are almost certainly present, yet unknown at this time.
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Figure 2:  Block diagram of proposed sampler.

The proposed engineering development work for 2018 has been broken down into design work, component acquisition and fabrication, integration and testing, and at-sea use. A work breakdown and expense budget spreadsheet is attached to this proposal (smb://atlas/ProjectLibrary/777001.PlasticsFingerprint/2018Proposal/WBS.xlsx).
Field programs (detail ship requirements/deployments/diver requirements)
Three types of field activities are planned:

· Sample collection and component testing from the ROV; science and engineering resources are requested in this proposal, but ship/ROV time is not requested, instead these activities will be done opportunistically in conjunction with existing Robison cruises, as they were in 2017.
· Paragon engineering tests of the new sampler system (6 days requested).

· Paragon science use of the sampler (6 days requested).
Isotope Usage

Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

No isotope tracer usage is planned.
Specific deliverables

· Design review of sampling concept for microplastic water column sampling, including detailed review of mechanical and electrical components.
· Component acquisition, fabrication, integration and testing.

· At-sea use of sampling system.

· Post-processing of samples to quantify and identify collected microplastics from different depths.

· Fill sample gaps and provision ecological food web data across multiple trophic levels. 

· Statistical analysis and interpretation of ecological food web results.
· Publication and presentation of scientific results at relevant ocean science conference and seminar venues.

Milestones (see personnel classification list for staff classifications)
Milestone 1:  Design Complete.  Review of all mechanical and electrical designs before fabrication.
Milestone 2:  Component Acquisition and Fabrication Complete.
Milestone 3:  Integration and Testing Complete.

Milestone 4:  Sample Post-Processing Developments Complete.

Milestone 5:  At-sea use.

	2018 Project Start Date: 
01/01/2018
	Milestone 
1
	Milestone 
2
	Milestone 3
	Milestone 4
	Milestone 
5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	4/1/2018
	8/1/2018
	10/1/2018
	11/1/2018
	12/31/2018
	

	Milestone Description
	Design Complete
	Acquisition & Fabrication
	Integration &Testing
	Post- Processing
	At-Sea Use
	

	Electrical Engineer
	42
	31
	36
	
	
	109

	Software Eng-Embedded
	
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	124
	51
	36
	
	
	211

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	158
	212
	48
	
	
	418

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	46
	
	
	
	46

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist
	
	104
	
	
	
	104

	Divers
	
	
	
	
	
	


Budget justification
Supported Requested from MBARI
Engineering Components and Materials:
· Batteries ($1,000):  Two sets of batteries to allow swapping at sea.

· Battery Charger ($1,000):  To re-charge battery packs on board the Paragon.

· Motor/Drive ($2,000):  Main Drive motor

· Pressure Sensor ($500):  General Purpose pressure sensor for depth measurement.

· Power Switch Electronics ($250):  Motor power solid-state switch.
· Underwater cabling and connectors ($2,000)

· Misc. Components ($2,000): O-Rings, fasteners, battery charger housing, etc.

· Controller Board/Switch PCB Board ($500)

· Battery Housing Materials ($4,000):  Aluminum for two housings.
· Electronics Housing Materials ($2,000):  Aluminum for one housing.
· Motor Housing Materials ($2,000):  Aluminum for one housing.
· Filter Housing Materials ($6,000):  Materials for filter holder assembly.
· Frame Materials ($1,500):  Aluminum tubing and brackets.
Outside Services (Engineering and Science)
· Anodizing ($4,000):  Anodizing of multiple components.
· Analysis of collected samples from new instrumentation ($20,000):  to quantify and characterize plastic particles.
Science Supplies

· Lab Supplies and Equipment ($7,500):  organic solvents, glassware, filter materials, sampling consumables and gear.
Travel (Domestic or International)

· Registration and Travel to present project results at a scientific meeting (to be determined) ($4,500)
Supported Requested from MBA
· Salary support for Anela Choy (6-8 months)
· Instrument costs to upgrade Laser Raman System into MBA Ocean Memory Lab ($80,000) – see MBA-MBARI Prospectus Proposal for details
Project team
Anela Choy will serve in multiple roles, as co-principal investigator, project manager, and lead scientist. Anela will oversee and execute proposed scientific objectives, guide project development, and lead data analysis, interpretation and writing up results for peer-reviewed publication(s). Anela will serve as chief scientist on allotted cruise days, and as project manager, she will be responsible for managing the project’s budget, and managing overall project logistics alongside co-PIs Robison and Van Houtan.
Bruce Robison is a co-principal investigator and will oversee scientific effort and directly guide project development. Bruce will assist with overseeing and conducting at-sea operations. He will also provide guidance and input to data interpretation and analysis, as well as directly assist with writing up results for peer-reviewed publication.

Kyle Van Houtan is a co-principal investigator and MBARI adjunct via MBA. He will assist with overseeing scientific effort and guiding project development. Kyle will also provide guidance and input to data interpretation and analysis, and assist with writing up results for peer-reviewed publication.
Andrew Hamilton is the lead engineer and will serve to guide the design and construction of the project’s autonomous task-specific sampler, including coordinating engineering and technician teams.
Larry Bird is the mechanical engineer responsible for sampler-holder design and fabrication tasks of the system.

Scott Jensen is the electrical engineer and will be responsible for all electrical engineering tasks (battery specification, housing, re-charging system, power switching, etc.).

Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.
No additional lab or office space requirements are anticipated at this time.

Data storage requirements (see Todd Ruston for assistance)
No specific or special data storage requirements are anticipated at this time.

Data availability outside project team, uniqueness

Generated data can and has been uploaded to MBARI’s Atlas Server, within a dedicated project folder (‘901716’), and is available to MBARI researchers and/or collaborators upon request. The generated biochemical data (i.e., stable isotopes and contaminants) will be highly unique within the ecological framework of assembled pelagic food web samples. We plan to, as rapidly as possible, disseminate the generated work and methods undertaken via highly-visible peer-reviewed publication(s). In this way, data can then be made more broadly available to the interested oceanographic community following publication. In addition, we plan to share our data and results through public and scientific presentations, seminars, and conferences.

R/V Paragon Requests

If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.

12 Paragon days are requested, 6 for engineering testing and 6 for at-sea use of sampler. No operator exists within the project group so generic MOT hours are requested in the budget system for this task. To date, we have been in direct communication about the progress of the project with Jared Figurski, and if his time is not over-subscribed in 2018 we would like to request Jared as our specific operator.
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

None anticipated at this time.

Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

None anticipated at this time.

Monterey Bay National Marine Sanctuary (MBNMS)
General Permit

Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.
Is a permit with MBNMS required for your work?
The proposed work is authorized under existing permits, specifically animal collections ongoing with the Midwater Ecology project (901220) and those done in collaboration with the Aquarium. Anela, who serves as chief scientist for cruise days is an authorized collector on both referenced permits.
SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number.
Midwater 1 is within SESA 8, and it is likely that some animal collections will occur at this location.
California Department of Fish & Wildlife

A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas. Please see Mandy Allen for questions.
Will you be collecting samples that require a permit?

Yes, and both Choy and Robison have active Scientific Collecting Permit(s) from the California Department of Fish and Wildlife.
Will you be working in a State Marine Protected Area?
No.
Authorizations/Permits from other Agencies or Organizations

Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

No, not at this time.
Active Acoustics

We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2018_Proposal_Process/documents/mbari_acoustic_instruments_2016-08-08_ver_10.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

No plans to use active acoustics at this time.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	X
	X

	Low
	
	
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2018 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.


� Development and infrastructure projects must complete the risk matrix (see end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project.


� This category includes transfer of hardware, know-how, publications, presentations, etc.


� This number should be the same number you entered on the resource requests for this particular resource.
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