Open Source Raman Library Project

Lead:  Monterey Bay Aquarium (Tyler Gagne, Kyle Van Houtan)

With:
University of Toronto – Chelsea Rochman’s Lab (fund research technician, Hannah DeFrond)
Scripps Institution of Oceanography – Anela Choy’s Lab (fund student, Julia Chavarry)

Timeframe:  1-year initially, September 2018 to August 2019

Project Objective(s) and Background - Raman spectroscopy applications are arguably the best choice for the identification of unknown polymers in microplastic research. This is because they are better able to detect and identify smaller particles than FTIR. Still, as monitoring agencies, researchers and governments are rushing to better understand this emerging pollutant, techniques using laser spectroscopy of any type are limited by long run times, laborious work and a polymer library behind a pay-wall. For example, most researchers manually analyze one particle at a time, and the assignment of plastic polymer types currently depends upon paid subscriptions to industrial libraries (e.g., BioRad), which are often over-burdened with thousands of material types not necessarily relevant to environmental microplastic samples. This complicates analysis and limits sound analysis to experts in spectroscopy. As such, our overall goal is to make the analysis of microplastics using Raman spectroscopy more user-friendly and with higher-throughput to aid a more rapid and comprehensive understanding of microplastic pollution in our environment.

For this project, we will curate an open-source library of Raman spectra from an array of plastic materials known from across ecosystems and sample types (e.g., natural and anthropogenic: deep-sea, coastal waters, estuaries, lakes, wastewater treatment plants, drinking water, etc.), and from animals (ingested fragments and fibers). We estimate that the primary library would comprise of ~50 plastic types. The Rochman Lab will create an exhaustive list of materials based on what they currently find in environmental samples and from polymer types listed by industry for rigid plastics, thermosets and textiles. They will curate a sample set of roughly 10 materials of each plastic type that include raw materials purchased from industry, products with additives included and materials that have been sampled from environmental samples. U. Toronto will lead this portion of the project.

Critical to this library is to curate plastic materials that incorporate the environmental effects of weathering on Raman spectra. Pristine industrial plastic materials are almost always used as reference materials and are not representative of environmental samples collected from different ecosystems and animals. We will focus on the ten most commonly sampled plastic types (from marine ecosystems and animal stomachs), and experimentally “weather” (degrade) these plastics and include their spectra in the library. Weathering experiments will focus on basic treatments of physical/chemical/biological exposures to UV, pressure (depth), biofouling, and temperature – all across varying time horizons. Scripps will lead this portion of the project.

Finally, an open-source workflow will be developed, which compares unknown Raman spectra against the open-source library of known spectra (cross-validated with FTIR in the Rochman Lab, where possible), and ultimately assigns a material type with accompanying probability measures. This data pipeline and statistical framework could take the form of an R-package, for example. MBA will lead this portion of the project.

Budget Requests

U. Toronto – requests a contract/grant through the University (overhead rate is 20%).
i. Salary:  Raman Technician – $15,000 (12-months at 30% time). 
a. 30% time for one year is equal to 624 hours. At $24/hour for a skilled technician this amounts to $14,976.
b. If we have 50 polymers*10 replicates + 10 polymer types*50 experimental samples – that equals 1000 samples to generate spectrum from. At 30 minutes per sample – this equates to roughly 500 hours. We will likely have many more samples to run, in practicality. Extra hours are for this buffer, as well as preparation time, downloading of spectra, optimizing parameters for instrument, data curation, etc.
ii. Materials & Supplies:  $3,000 to buy pristine industrial plastics and standards. Scripps will help curate and purchase these materials through U. Toronto. U. Toronto will ship appropriate the “top 10” pristine plastics to Scripps for weathering experiments.
iii. Overhead:  $4,500
Sub-TOTAL:  $22,500

Scripps – would be ideal to have a contract/grant through the University (but, overhead rate is ~58%). Since SIO will have a support role in the project, a contract directly to Chavarry is OK.
iv. Salary:  $9,600 ($20/hour x 20 hours/week x 6 months to curate materials for library and conduct weathering experiments). Note that we paid Bonnie $18/hour as a contractor. I’m suggesting $20 to help Julia with resulting 1099-MISC taxes, assuming we are not able to barter a contract or grant through the University.
v. [bookmark: _GoBack]Travel:  $2,250 ($500 airfare, $1,750 lodging/MI&E for Chavarry to travel to U. Toronto for 2-weeks to learn Raman laboratory techniques and analyze some of the “weathered” samples.)
Sub-TOTAL:  $11,850


Publications Anticipated

(1) Tyler Gagne and MBA lead main publication introducing the open-access library and statistical analysis method to the world.

(2) Rochman Lab will follow-up from this paper and lead a publication using this method in addition to another they are currently beginning to develop with HORIBA to automate the analysis of microplastics on a filter. In total, automated methods with the new data analysis workflow developed here will enable higher throughput and more accessible methods for microplastics analysis in the rapidly growing community of users.
