DESIGNING AND DEVELOPING TOOLS FOR DO-IT-YOURSELF DETECTION OF HAZARDS

Signa Is of environmenta| INDUSTRIALIZATION HAS CHANGED THE VERY BIOCHEMISTRY OF the planet. Daily our
bodies are exposed to a range of perceptible and imperceptible hazards. Everyday

hazard cannot be heard products are comprised of a laundry list of unrecognizable chemicals. Any given hu-
unless there is a device to man’s body fat, blood and tissues bear a similar list of chemicals, an inscribed history
) of his or her contact with the environment. Consumers cannot adequately analyze

detect them. Sarah WY| 1€,  andassess potential threats posed by the accumulation and activity of these chemicals
M egan McLau g hlin and in their bodies. Environmental Health sciences have not caught up with the realities

) of ubiquitous, complex and interactive chemical exposures. Scientists and regulators

Josh Mcllvain show YOU  arestruggling to conceptualize and study how health end points like obesity, cancers,
how to make one you rself  infertility and ApHD are linked to gene-environment interactions that begin from the
" moment of conception and depend upon an individual’s unique genetic and life his-

tory. Corporate and industrial actors spreading misinformation and doubt confound

the biological and social investigation of industrial hazards and make environmental

health threats harder to study. As we know from work in science studies, laboratory

tools are ill equipped to study the expanse of environmental health questions, even

as they are being answered by our bodies, other organisms and our environments.

How can exposed individuals learn to see these changes, how can a non-professional
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public become involved in generating knowledge about
their environmental conditions? How might we build not
only D1v sentinel devices but also a new public grassroots
infrastructure for the discovery and analysis of pressing
environmental health issues?

Public Laboratory, a non-profit dedicated to the open
source development of DIY tools for environmental inves-
tigation, believes we must become investigators of our
own environments. They turn the detritus of contempo-
rary living—vHs boxes, broken cD’s, old film canisters—
into tools to identify and study the hazards around us.
Their low cost test for Hydrogen Sulfide (H,S), a neuro-
toxic byproduct of gas extraction, involves putting photo-
graphic paper into classic black film canisters (Horwell et
al. 2004, Horwell et al. 2005). Public Lab’s spectrometer
is comprised of a broken cp, black vHs box and cheap we-
bcam. A slit in the side of the vHS box enables light from
the specimen to enter the box. This light, refracted into a
rainbow by the cp’s diffraction gradient, is then recorded
by a webcam placed in the top of the vHs box. Public Lab
members, people who sign up online to participate in the
community’s open source hardware and software devel-
opment, investigate whether it can be used to identify
chemicals and hazards in everyday products:

Three years ago I graduated from Kansas State Uni-
versity with an undergraduate degree in general
physics, got married, left home to be a Christian mis-
sionary, and I didn't look back. I did not (and still
don't) intend to use my training in physics profes-
sionally, but I do consider science to be an important
part of life that many students and even adults shy
away from, because so many scientists have made
the field seem untouchable to “ordinary” people. I
originally came across the Public Lab project when
searching for plans to make a spectrometer, as away
to measure the color temperature of a light source.
What I found at Public Lab was not just instructions
for a home-made spectrometer, but a group of people
with a similar desire as myself: to make science ac-
cessible, understandable, and affordable for ordi-
nary people.

While a spectrometer can be used for so many
different purposes, one of the most well-known is
to determine the composition substance by the way
light interacts with it. Not only can a spectrometer
help to identify a substance by looking at what light
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is emitted from it, but also by looking at what light
it absorbs. I used my home-made spectrometer to do
both of these in an experiment using ultraviolet light
fluorescence. For many substances, UV light has
enough energy that the substance will absorb it, then
emit some extra energy in the form of a lower energy
photon.

Inmy experiment, I used ultraviolet light to check
several liquids for fluorescence. While many differ-
ent substances will fluoresce under UV light, I was
looking for a certain dye used by many laundry de-
tergents. Most detergents use this fluorescent dye to
make your clothes look brighter and whiter, because
it will actually glow when hit with sunlight (which
contains Uv). However, my wife and I use cloth dia-
pers for our two children, and this dye has the ten-
dency to build up in cloth and not wash out, which
decreases the absorbency of the cloth (not good at
all for cloth diapers). Many detergents claim to be
“free and clear” or something similar, but still con-
tain this dye." To check these claims, I shone UV light
on detergent samples, and compared the resulting
spectra to a baseline uv spectrum. Those detergents
using the dye absorbed light from the UV area of the
spectrum, and re-emitted it in lower-energy areas,
usually around blue or cyan. Those that showed little
change from the baseline Uv spectrum do not use the
dye. Using this process, we chose to use a detergent
that did not use this dye. This is how the home-made
spectrometer was useful for us, and I look forward
to more ways that science can be made useful in the
lives of “ordinary” people. (Josh Mcllvain, Public Lab
Member, September 2012.)

The fluorescent properties of brighteners has also been used
by Seventh Generation, an ecologically friendly detergent com-
pany, as part of a social media campaign to encourage people
to discover for themselves reasons for switching brands. This
campaign asked people to submit images of clothes glowing
under black light due to brighteners (Newman 2010). Josh’s DIY
spectrometry case differs in providing data in an authoritative
format, the spectra, which might conceivably be used to iden-
tify exactly what chemical brightener is being used in this “free
and clear” product.



« PREVIOUS PAGE AND LEFT: Josh’s home spectrometry set up. This page shows
spectrometer (left), sample (baby food jar) and light source (UV flashlight). For more
info on the setup, see Public Lab research note:
http://publiclaboratory.org/notes/joshmc/4-28-2012/setup-uv-testing-specrtrometer

test those findings (Belsito 2002). Consumers, through
the work of concerned individuals like Josh, operating
homemade tools such as the spectrometer and Public Lab,

Laboratory spectrometers can cost thousands of dol-
lars, but the components required to make a basic one are
inexpensive and commonly available. When he searched
through the spectrometry tool page on Public Lab’s web-
site, Josh found video instructionals, written explana-
tions, photo documentation and a parts list that enabled
him to build his own spectrometer. He also joined the
active listserv to find out about what others working on
the spectrometry tool were doing. Through Public Lab’s
website, an evolving framework for collaborative open
source hardware development, Josh could become part of
community building this tool and share the results of his
work. The spectra he recorded were uploaded to Public
Lab through open source free software—Spectral Work-
bench. This software allowed Josh to share, align and an-
alyze his spectra with other members. By enabling new
approaches such as open hardware development for de-
veloping environmental health research tools, Public Lab
acts as an infrastructure for DIY sentinel devices.

After Josh successfully built his spectrometer with
help from the online community at Public Lab, he began to
participate in activities known among Public Lab’s mem-
bers as “Civic Technoscience”. Performed by individual
members of the public to investigate questions of impor-
tance to their daily life (Fortun and Fortun 2005), Civic
Technoscience is a mode of science that enables people to
become credible generators of new knowledge about their
environments and conditions using tools they can under-
stand, build and adapt themselves (Wylie et. al forthcom-
ing). For Josh, this meant he became a contributor by
submitting “research notes” on wiki-pages describing
his experiences assembling spectrometers and detailing
his findings. His research is a kind of “hello world experi-
ment” that shows the spectrometer might support new
forms of consumer activism and environmental investi-
gation of hazards that have traditionally have been hard
to see and study.

Brighteners are in many ways a quintessential example
of such an imperceptible hazard: a product of industrial
chemistry, this ubiquitous consumer good gives clothes
the appearance of cleanliness by coating them in chemi-
cals. While Josh became interested in brighteners because
he noticed they reduced water absorbency in his child’s
diapers, others, also drawing on personal experiences,
have expressed concerns about their potential harm as
allergens.? Research from the 1970s indicates that opti-
cal brighteners can cause contact dermatitis—includ-
ing rashes and irritation—when mixing with sweat and
absorbing into skin (Osmundsen 1969, Osmundsen and
Alani 1971). However, more recent scientific studies con-

could collectively investigate and archive claims that de-
tergents are “free and clear” and potentially the elucidate
links between brighteners and dermatitis at a grassroots
level. Public Lab is working towards building a public
archive containing spectra from thousands of such indi-
vidual investigations into the contents of common house-
hold and enable collective civic inquiries to identify and
campaign against a range of unsafe consumer products.?
To this end, Public Lab launched the Spectral Challenge in
March 2013, a crowdfunded, public competition to im-
prove the process for open source spectrometry and de-
velop real-world use cases like Josh’s.

How might individual investigations be connected to
new forms of environmental health advocacy aiming to
reshape industrial infrastructures? A second Public Lab
project investigates how civic technoscience might docu-
ment and help mobilize action against a by-product as-
sociated with natural gas extraction-Hydrogen Sulfide
(H,S). In September of 2011, Public Laboratory members
met with residents of Garfield County, Colorado who had
recently organized to sample one family’s indoor air qual-
ity because of the smells coming from their tap water.
Analysis of the sample showed H,S levels of more than
185 times above EPA’s recommended long-term exposure
level. The family, in which the son developed painful skin
lesions coincident with this exposure, was forced to aban-
don their home. Neighboring gas development companies
denied that nearby natural gas extraction operations were
connected to the water contamination (Colson 2011, GCM
2011). The environmental health manager for the county
responded to these reports by saying that the neighboring
gas wells had been “closed in” and could not be the source
of the H S (Colson 2011).

H,S, which smells like rotten eggs, can readily be de-
tected by humans at very low concentrations. But as the
case above shows, concerned people can struggle to de-
termine the source of H,S contamination. To help com-
munities who smell H,S map the source, Public Lab is
adapting a method developed by a volcanologist who
studies the sources of the smelly gas (Horwell 2004, et al.,
Horwell et al. 2005). Their method uses photographic pa-
per which tarnishes (turning brown after oxidizing) when
its silver halide (the photo responsive element) is exposed
to H,S. Compared to commercial meters that cost a few
hundred dollars and are difficult for non-professionals to
use, the test Public Lab is developing, utilizing film canis-
ters that prevent light exposure but allow air circulation,
only costs a few cents a test and can easily test multiple
sites simultaneously.

A Public Lab-led collaboration of scientists, design-
ers, community organizers, concerned people, wetland
researchers and anthropologists are currently working
together to generate alternative DIY approaches to detect-

2 This blog illustrates patient activism around optical brighteners
in detergents http://www.talkallergy.com/webdocs/yourlives/
detergents.php

3 http://publiclaboratory.org/wiki/spectral-analysis
4 http://spectralchallenge.org/
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ing and illustrating H S contamination. One of these re-
searchers, Megan, describes her experiences developing
the photographic paper tool for H S sensing:

I became interested in issues surrounding natural
gas drilling a few years ago when the massive drill-
ing of the Marcellus Shale began near my home in
Pennsylvania. I remember going to a conference at
Temple University where a panel of scientists, activ-
ists and political leaders talked about this issue. I left
outraged, it was as if they were all speaking different
languages. The scientists were brilliant and had all
the tools to predict what would happen, but held no
opinion on those predictions and could not commu-
nicate them to the public. The activists were in con-
stant attack mode and could not listen and the politi-
cians would only defend their own actions.

I'was excited to find out about Public Laboratory
while pursuing my graduate degree at Rhode Island
School of Design. The Public Lab research group at
RISD was just beginning to create a DIY test that could
register the presence of H,S (a toxic bi-product of
natural gas drilling) in the air. The test would use
regular photo paper prepared in a certain way, al-
lowing it to be exposed to the air. Over the next few
months, we made the test strips from photo paper
and containers to place the strips in. We tested the
difference in light exposure for each container. We
read papers on the various methods of testing H,S
that were already being used by scientists in field re-
search and adapted them to suit our needs, and met
with a local air-quality testing expert.

This summer we were able to begin field testing,
in collaboration with a local environmental justice
group. We have completed the first experiment on an
active well pad and are now in the process of run-
ning a second experiment and developing a proto-
type kit that can be sent out to groups and individuals
who want to test their own backyard. While there is
still much work to be done, the open source nature
of Public Laboratory allows for information to be
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shared easily so that the project can move along in
a more effective way, because of the amount of input
received. The next step is to calibrate the color of the
photo paper test strip to a quantity of H,S in the air.
(Megan McLaughlin September 2012.)

Field experiments like Megan’s are a novel attempt
to redress the gap between landowner’s perceptions of a
hazardous smell and scientific evidence required by regu-
lators. As Megan’s results illustrate, the degree of dark-
ening of the photopaper is easily readable by non-experts
and could be arranged as a map to make sources of H,S
smell evident to regulatory audiences (Horwell et al.
2005). The investigations undertaken by Megan and Josh
show how citizens are attempting to harness technology
to respond to many contemporary hazards that have re-
mained imperceptible due to a lack of available research
tools, misinformation and regulatory disinterest. Public
Lab provides a collaborative space where individuals from
all sorts of backgrounds can collaborate to generate re-
search tools, methods, and case studies of their environ-
ments, in order to help those who are negatively impacted
by hazards of industrial life on a daily basis make these
threats perceptible and actionable. m

SARA WYLIE is a Senior Research Scientist in
Northeastern University's Social Science Environmental
Health Research Institute and a co-founder of Public
Laboratory for Open Technology and Science. MEGAN
MCLAUGHLIN is currently pursuing a masters of
landscape architecture at Rhode Island School of
Design. JOSH MCILVAIN lives in Kansas with his wife
and two sons, and is currently pursing a masters in
medical physics.
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JOSH'S UV DETERGENT TEST RESULTS

393nm UV

393nm UV through tap water

393nm UV through Clorox bleach

393nm UV through homemade detergent

393nm UV through Seventh Generation Free and
Clear Detergent

393nm UV through All Free and Clear Detergent

Josh’s results analyzed in Spectral Workbench. Compare the first image in the set, showing just
UV light, to the fifth image in the set. Image five shows the UV light being absorbed by the “All
Free and Clear Detergent” and resultant emission of blue light. This illustrates the presence of

brighteners.
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