
A couple weeks ago, we turned default for all users the features of 
our soft-launched Spectral Workbench 2. This version has been in 
development for many months, and we’ve integrated much of the 
feedback you’ve provided starting exactly one year ago.

This release includes many exciting new features and upgrades:
• a new, more precise and user-friendly calibration system
• trackable versioning of data with the Snapshots system
• reversible changes to your data with the Operations system
• a completely new Analysis interface
• a new, d3-based graphing system
• a thoroughly documented JavaScript API
• a Jasmine client-side test suite
• a much-expanded Rails test suite
• improvements and fixes across most pages

Most of the changes are in the Analysis interface; new ways to calibrate, 
to extract data from images, to manipulate, subtract, and compare spectra. 
Many new tasks are now possible as well, including wavelength range limiting, 
(reversible) smoothing, and as mentioned, subtraction of spectra from other 
spectra. So a few notes on the biggest new features — ones which will 
fundamentally change how you interact with data on Spectral Workbench.

What are snapshots?

Snapshots freeze a specific state of your spectrum so that the data as it 
exists at that moment can be used in other contexts, for example by other 
users. It’s like version control for your data — if you use a spectrum by 
reference, such as to calibrate, or in a comparison, you can expect that 
you’ll see the snapshot of that spectrum just as it was when you made that 
reference (see References vs. Snapshots below). No later changes to the 
spectrum will affect referring work. 

 

What are Operations?

A major change in Spectral Workbench 2 is a system called Operations 
(previously known as PowerTags). When you save a spectrum, you usually 
have to perform additional operations, such as setting a cross section, 
calibrating, and then smoothing or otherwise manipulating the data. But 
for various reasons, you often want to record and even revert some of 
those changes. Maybe you want to do them differently, or to recalibrate.

Operations are the new way to do this. Each time you apply an 
operation, the resulting dataset is saved in a snapshot, so that a copy 
is archived and available in the database without having to run each 
calculation every time. Creating operations is easy; the Tools pane below 
each spectrum guides you through creating them with a simple form, and 
adds your operation when you click Apply. Some operations reference 
other spectra, for comparison or subtraction. You’ll be presented with a 
menu and search form to find the right spectrum to use.

Troubleshooting

As with any new, complex system, we expect some hiccups as this rolls 
out. We’ve massively expanded the test suite for both server-side and 
client-side code. But if you have trouble, please help us fix and improve 
the software by reporting issues — we rely on your feedback to address 
problems!

Where’s the code?

Do you code? The latest version of Spectral Workbench can always be 
found on Github at https://github.com/publiclab/spectral-workbench/ If 
you’re interested in contributing, please check out our Developers page and 
our guide to contributing to Public Lab software. We need your help!
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AnnouncinG

SpectraL 
WorkbencH

Thanks to everyone 
who’s helped to make this 
release possible; especially 
to @liz, @stevie, @stoft, 
@ygstcu, @cfastie, @
justinmanley, @icarito, 
and the many others who 
dreamed up features, 
designed and tested 
them, found and solved 
problems, and generally 
helped to make Public Lab 
software excellent. And 
thanks to everyone who 
was patient and supportive 
of me and the rest of the 
SWB team for the past 
months!

For the full article on 
the release, please visit: 
https://publiclab.org/
notes/warren/02-10-2016/
announcing-spectral-
workbench-2
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OIL TESTING TOOLKIT: PROGRESS TOWARD COMMUNITY 
OIL POLLUTION ANALYSIS

Images from the new Spectral Workbench, a web based application to collect, archive, share, and analyze 
spectral data, especially from Public Lab DIY spectrometers.

As one of the core initiatives of Public Lab’s Homebrew Sensing Project, 
the Oil Testing Kit is an effort to address one of the original challenges 
Public Lab faced after its founding during the Deepwater Horizon oil 
disaster -- that of identifying oil pollutants after a spill.

Public Lab believes that the co-development of tools and methods by 
and with people who directly face pollution is key to developing accessible 
and appropriate solutions. In that light, we’ve strived in this project to 
build open collaborations, to engage partners involved in oil pollution 
response, and to prototype and pilot a process which addresses local needs 
and remains legible and open to participation, from problem identification 
through field testing. To varying degrees, we have succeeded at some of 
these aims and not succeeded at others, and here we intend to document 
the project so that others may build on what we’ve done.

Through the Homebrew Sensing Project and the Oil Testing Toolkit 
(OTK), we have attempted to address community needs and site-specific 
environmental issues with affordable, co-designed, open source tools, and 
to collect data which provide compelling information about key questions 
regarding pollution. Over two years, we’ve had the opportunity to try 
different strategies, to succeed and fail, to regroup and redesign.

History 

Public Lab was founded just after the Deepwater Horizon oil disaster, 
and many of the tools we are developing focus on oil pollution and its 
effects. As one of the earliest, but longest-term projects we chose to focus 
on, Do-It-Yourself spectrometry has also been one of our most popular, 
with thousands of people constructing and using their own from various 
kits and instructions since 2010.

While the open source approach to tool design resulted in wide 
adoption, it did not produce a lot of interest in the specific problem of 
identifying or distinguishing oil pollutants. With this in mind, we set 
out to launch a new project in 2013-4 to release a more focused -- but still 
open and collaborative -- effort to distinguish oil pollutants. We chose 
to explore using ultraviolet fluorescence: the principle that different 
oils fluoresce different colors, measureable by a spectrometer, when 
illuminated with ultraviolet light. This involved a series of progressively 
more difficult challenges, which we will discuss in this document.

Who is this document for? 

We’re writing this toolkit for multiple audiences, who have varied 
interests and experiences with oil and spectrometry. We’re hoping that 
everyone finds information useful to them within this toolkit. But most 
importantly, we hope it can help answer questions about pollution.

Questions, Motivations, & Best Practices

There are many different questions which such a kit might attempt to 
answer, and it’s important to address them carefully and individually. 
Asking questions is how we started Public Lab, and questions are at the 
heart of Public Lab’s process of research and development. We’ve collected 
many common questions here -- many, but not all of which, we can now 
answer. In the toolkit, we have tried to order each group of questions with 
actionable steps following increasing difficulty or complexity. There are 
answers from identifying oil samples to organizing around your concerns. 
Below are some of the topics covered.

Imagine you find (as many of us did) what looks like tar on the beach 
after an oil spill: 

• How do I tell if it’s oil or something else, like a piece of a  
tire or asphalt, or mud?

• What does oil pollution mean for my health?
• What do I do if I see oil?

How to collect samples: 

• How much do I need to collect? Solid vs. liquid?
• How should I store samples?
• How do I prove where and when I collected it?

There are suggestions about different types of tests related to oil 
concentration or identification and how to use them as evidence: 

• What tests exist, and what are available to me?
• How much do different tests cost?
• What can Public Lab’s tests tell me, and with what confidence?
• What kind of oil testing data is useful in talking to regulators? To lawyers?
• Has such data has been used to effect change? How, when, and where?
• Can results from the Public Lab Oil Testing Kit be used as evidence?
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and also a longtime Public Lab 
member and organizer identified 
three specific sites of potential 
oil contamination that come 
from very different sources. With 
some help from Stevie Lewis, I 
connected with Margie Vicknair, 
an environmental activist and 
long-time Gulf Coast resident 
about the history of the oil and 
gas industry in Louisiana. It was 
shocking to learn from her how 
many pipelines crisscross the 
state and how some of the older 
pipelines, built by companies that 
no longer exist, probably aren’t 
even correctly mapped. 

What was most striking for 
me was how similar her stories 
were to the ones related to me by 
many of the people I spoke with 
in northwestern Canada where 
I’ve been researching the impacts 
of oil and gas industry projects 
on local communities. Margie’s 
story about her older brother 
returning from a hunting trip 
with stories of animal skeletal 

Through a Homebrew Sprint 
Fellowship, I have spent the 
last few months working with 
Gretchen Gerke, Public Lab’s 
Data & Advocacy Steward on 
gathering stories from within 
the Public Lab community and 
beyond to develop use case 
examples for when the Oil 
Testing Kit could be useful. 
Many of these stories came 
from the Gulf Coast region and 
center around oil contamination 
of land and water. Landfill 
runoff, oil spills from transport 
and extraction, or leaks from 
machinery and equipment are 
just a few of the examples given 
by the people I interviewed. 

Scott Eustis, from the Gulf 
Restoration Network (Louisiana) 

As an Oil Sheen Testing 
fellow I am looking for the 
most effective, safe and DIY 
approachable ways to collect 
oil sheens and possibly separate 
oil from water. My fellowship 
started in October and right now 
it is about to end. I developed 
and tested three collection 
methods. Besides that in mid 
February I organised a successful 
sheen collection and oil testing 
workshop at Newtown Creek in 
Greenpoint, Brooklyn. During 
this workshop we discovered a 
large oil spill in the Dutch Kills 
area of the Creek. 
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remains around an abandoned 
pit reminded me of the many 
stories I heard from First 
Nations people of returning 
from hunting trips with 
poisoned fish or moose. Margie’s 
stories carried a similar urgency 
as those I heard from northern 
communities in Alberta and 
British Columbia. Her plea 
was for greater accountability. 
Margie hopes companies will 
create responsibility reports on 
oil spills.

Donovan Cameron, a GIS 
Advisor for Saulteau First 
Nations in northeastern 
British Columbia, who 
oversees environmental and 
cultural monitoring programs 
of his traditional territory 
spoke of the challenges his 
environmental monitors face 
when collecting physical data 
of oil leaks from surveying 
equipment used by oil and 
gas companies on their land. 
An Oil Testing Kit would 

be a helpful addition to the 
photographic imagery they are 
collecting.

The purpose for gathering these 
stories is to provide real-world 
examples for people interested 
in using the oil testing kit in the 
wild. In the last few weeks left 
of my fellowship, I will use this 
time to think about the shared 
stories that exist across regionally 
different communities, tied 
together by similar environmental 
consequences of oil and gas 
development.

I am working with my mentor 
Gretchen Gehrke. I am also 
trying to recreate research results 
done by Ethan Bass on product 
oil (crude, motor, etc) dilutions 
in mineral oil and how it affects 
spectra measured by our DIY 
spectrometer.

The first oil (sheen) collection 
method is the “Freezing Method” 
which I developed during earlier 
stage of the fellowship. It is based 
on freezing the sample - oil and 
water mixture. This method is so 
far the most successful. I was able 
to recover roughly 2/3 (max) of the 
product with slightly different 
results for different oils.

The fact why we are not able 
to recover more of the product is 
due to two different factors. First 

because part of the total amount 
of oil simply stays in the frozen 
water. This most likely depends 
on the viscosity of the particular 
oil. Another more serious 
factor is that when spilled in 
water, only some compounds 
of oil create a sheen. The rest, 
separates from the sheen, mixes 
with water and does not surface. 
This might somewhat influence 
the measured spectra and I am 
continuing testing it, but overall 
I was able to tell differences and 
similarities between most of the 
measured oils.

Another collection method 
is using the PIG Oil Only 
absorbent mats. They have 
slow oil absorbance on water, 
but I am able to recover trace 
amounts of product oil which 

need to undergo a further 
concentration process which 
can be done using 91% Isopropyl 
Alcohol.

The Isopropyl concentration 
method (suggested by Matt 
Pendergraft) is needed also for 
the fourth collection method - 
using the Coast Guard Oil Spill 
Sampling Kit which had been 
more successful than the PIG 
Mats.

The Oil Testing Kit Beta 
Program was designed to provide 
proof of concept that the kit did 
in fact allow users to distinguish 
oil and identify potential use 
cases for the kit. While 9 of 
the 20 beta participants posted 
research notes, as of January 
2016, only 4 of the original beta 
participants completed the entire 
beta program. So far 8 user 
have uploaded 3 spectra from 
5 different samples (3 different 
engine oils, diesel and crude) 
and statistical analysis was 
performed based on this data.

To create comparisons, 
the traditional methods for 
reference-library searching 
are typically based on the 
assessment of similarity 
metrics calculated via peak 
table comparisons, or more 
commonly, from those generated 
by full spectrum comparisons. 
Full spectrum approaches 
typically generate a “hit quality 
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index” (HQI) between the 
unknown spectrum and each 
library spectrum. One way of 
calculating the HQI is based 
on Euclidean distance. In this 
study, we considered Euclidian 
distance-based similarity metric 
for spectral data comparisons.

There are two commonly 
used methods to normalize 
spectral data: (1) Dot product 
normalization – which essentially 
normalizes the spectrum based 
on the total area under the 
curve; (2) Scaling normalization 
- which normalizes the spectrum 
based on the height of a peak 
of interest. In this study, AUC 
equalization-based normalization 
for wavelength range [420-710 
nm] is selected.

For the Preliminary Results, 
we compared intra-user and 
inter-user spectral data of same 
and different kind of samples 
in order to determine the 
identification performance of 
5 different types of pollutants. 
Preliminary results of this study 
showed that the identification 
of these 5 different types 
of pollutants by comparing 
different users’ samples is not 
possible. Some of the reasons 
for performance are: calibration 
errors between users; hardware/

design differences; instability 
of spectrometer.

Regarding the OTK 
attachment, same user/
device-based identification 
performance is significantly 
better than inter-user 
identification. However, 
it cannot be considered as 
acceptable with current 
performance.

For future work on the OTK, 
hardware design improvements 

(better stability, solid connection 
between OTK and spectrometer) 
along with better calibration 
algorithms (wavelength and 
amplitude) will probably improve 
the identification performance. 
Furthermore, some advanced 
signal processing techniques 
combined with template/cluster 
generation for data classes might 
be a good idea for achieving 
better identification.

Preparing samples of crude oil and diesel for DIY testing

Over the course of the Homebrew project, several community groups 
and nonprofits worked on the kit and contributed to tool development, 
community use cases for the kit and workshop design. As the project 
progressed, more people began to identify different ways the kit could 
potentially be used to help address community questions.

Gulf Restoration Network (GRN) and the Emerald Coast Surfrider 
group were both interested in the idea of a DIY oil testing kit from the 
beginning. Both groups had dealt with the outfall of the 2010 BP oil 
spill and the complications that arose from their lack of access to low 
cost oil sampling. In the Homebrew project, GRN helped to compile 
use cases for the oil kit in Louisiana, identify ways the tool could be 
more robust and worked with the kit using real field samples from oil 
collected around the Gulf Coast. The Surfrider group took the kit to the 

classroom where they were able to teach about the usefulness of low cost 
spectrometry. They also contributed the idea that the kit could be used 
to pre-screen samples suspected to be oil before they were sent off for 
expensive lab tests.

As the project progressed, a few groups started seeing the potential 
use for the kit in use cases outside of direct oil sample testing. The 
Groundwork New Orleans Green Team learned about spectrometry and 
the Oil Testing Kit over the course of a few workshops. They identified 
the kit’s potential use in examining stormwater runoff, an issue they 
have been working on around the city for the past year through their 
community mapping program. In hearing about the project, Voices 
of St. Tammany, a group dedicated to keeping fracking out of their 
parish, explored the idea that the kit might be useful in their fight 

to keep fracking out of their parish. They were interested in taking 
samples in areas where exploratory drilling might happen, and monitor 
the site’s samples over time for changes in the way they looked on 
spectralworkbench. Changes in the water or soil samples could be an 
indication of new contamination. Identifying this early could be more 
leverage against the fracking companies in their community.

Several other groups such as Louisiana Environmental Action 
Network, Guardians of the Land and Water and members of the IDIYA 
makerspace did initial exploration with the Oil Testing Kit. As the 
project grows and expands, we expect to see more uptake of community 
groups expanding ideas on what the kit can do, taking on the challenges 
communities have in DIY oil testing.

Using the Oil Testing 
Kit with Gulf Coast  
Communities

To read more about the Oil Testing Toolkit, 
follow the steps or contribute please visit:

https://publiclab.org/wiki/diy-oil-testing 

from our Fellows. . .

By Jeffrey Warren, Stevie Lewis, 
and Gretchen Gehrke

By Stevie Lewis

Community sampling of neglected oilfield site in Tangipahoa Parish, 
north of New Orleans; photo by @eustatic

Spectrometer v3.0 and oil testing kit attachment.

Above photo by Scott Eustis (@eustatic), Oil testing workshop at 
St. Tammany parish, Louisiana. The staff and community members 
of the Public Lab have created Oil Testing workshops for people 
who are interested in examining materials they know or suspect 
to be oil. The workshops can be run by anyone who has read 
through the materials in advance; any questions you may have 
before you run the workshop can be sent to plots-spectrometry@
googlegroups.com. 

The workshops can be found here: https://publiclab.org/wiki/oil-
testing-workshops
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On a cold day, Willis Elkins (North Brooklyn Boat 
Club and Newtown Creek Alliance) took me on a 
boat ride across Newtown Creek to look for some 
random oil sheens which are sometimes floating on 
Newtown Creek. We planned to visit several places 
where we would have a higher chance to find them. 
First we decided to focus on the Dutch Kills area in 
Queens and then on other spots along the creek.

The Public Lab 
The Public Laboratory for Open Technology and Science is a 501(c)3 nonprofit 
organization which supports a growing community in developing and applying 
open-source tools for environmental exploration and investigation. By 
democratizing inexpensive and accessible “Do-It-Yourself” techniques, Public 
Laboratory creates a collaborative network of practitioners who actively re-
imagine the human relationship with the environment. 

Our goal is to increase the ability of under served communities to identify, 
redress, remediate, and create awareness and accountability around 
environmental concerns. Public Lab achieves this by providing online and 
offline training, education and support, and by focusing on locally-relevant 
outcomes that emphasize human capacity and understanding.

Shortly after we entered the Dutch Kills, we 
noticed several 2” - 5” thick strings of sheens 
which reminded us of coal tar rather than oil. We 
collected them with our newly acquired Coast 
Guard Oil Collection Kit. (small net on the picture 
below). Then we proceeded deeper into the Dutch 
Kills looking for more sheens. We could not find 
any until we came by the 49th Ave Bridge. Then 

we realized that we are floating in the middle of 
a huge oil sheen which spans most of that area 
of the creek. We did not noticed it first, because 
the whole water surface was a sheen so there 
was virtually no clean spot of water to compare 
and see the difference. We collected samples and 
returned home because we already had enough 
material to test. 

As the kit manual suggests we collected also a 
water spec from the same area to compare. (into a 
small bottle which came with the kit). 

For the second - large sheen we used two PIG Mats 
and also larger glass bottle to collect water and 
the sheen.  

We will attempt to analyze the collected sheens 
during our workshop at the Sunview Luncheonette 
using (also testing) the new LED Cuvette frame for 
our OTK, Freezing Method, and pressure methods for 
the PIG mats.

Collecting Oil Sheen on 
  Newtown Creek, Dutch Kills, Queens, NY
Collecting Oil Sheen on Newtown Creek, Dutch Kills, Queens, NY
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