Work / Technology & tools

A basic toolkit can be useful for coming up with creative solutions to technological hurdles.

LOW-TECH TOOLS ARE MAKING
RESEARCH MORE ACCESSIBLE

Technology has led to unprecedented innovation, but common household
items can also be invaluable in fieldwork and in the lab. By Amanda Heidt

or David Thomas, a walk to the kitchen

for coffee is a trip down memory lane.
Standing amid the spoons, pans and
pantry goods of his home, Thomas —

an Arctic researcher at the University

of Helsinki in Finland — is reminded of days
spentontheice,swaddledinlayers of clothing
that keep him alive at temperatures as low as
—-40 °C. That’s because when some of these
kitchen staples are not being used for their
usual duties, Thomas brings them on expe-
ditions as crucial components of his field kit.
Thomas studies the biogeochemistry of
aquatic systems, including the role of micro-
scopic algae and bacteriain the carbon cycle
of seaice. To investigate this, he and his team
collectice cores and samples of the salty brine
that sits between the individual ice crystals.
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The brine collects at the bottom of the hole
from which the core is taken, about half a
metre down, and it can be difficultto retrieve.
The hole is too deep to stick an arm down,
and when the team tried using syringes, they
clogged and broke in the extreme cold.

“We’ve found over the years thatasoupladle
attached to a poleis the ideal thing,” Thomas
says, adding that once the brine is collected,
another kitchen tool — a strainer — helps to
remove lingering ice crystals that would
otherwise dilute the sample. “You canget very
technical sieves, of course, but the one in my
kitchenis perfectinthatit’s robust, cheap and
easy to sterilize.”

At a time when there seems to be a niche
scientific ‘unitasker’ for every process, get-
ting back to basics and repurposing, or even

developing, simple tools offers a sense of
freedom. Withalittle creativity, scientists are
building surprisingly robust kits to aid tasks
in fields from microscopy to oceanography.
Their experiences highlight what research
do-it-yourself enthusiasts have long under-
stood: that compelling science doesn’t always
require the most-complex equipment, or the
most expensive.

A spirit ofimprovisation

Thomas’s work in polar systems is an extreme
example, but the fact remains that fieldwork
demands a certain level of thinking on your
feet, particularly when working in remote
areas with little support. “When something
breaks, you usually have to make do with what
you have on hand,” Thomas says. “A spirit of
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improvisation is essential in a good field sci-
entist.”

As aresult, field researchers often travel
with essentials such as bundles of zip ties and
rolls of duct tape for on-the-fly repairs. But
beyond these universalitems, some research-
ers have developed or adopted common, low-
techsolutions that aretailored to the specifics
of their work.

Creative workarounds

Kristina Young, anecologist at the University of
Wisconsin-Madison, studies the soil of dryland
ecosystems, which cover 40% of Earth’s land
area, excluding Antarctica. With little plant
cover to break wind and water flow, the micro-
topography inthese areas —or how bumpy the
surfaceis — canbe animportant driver of pro-
cesses such as dust deposition, seed sprout-
ing and erosion. Young says that she’s used a
handful of seemingly strange toolsin her work,
includingaBBgunand ajewellery chain. Shoot-
ingapelletintothe ground helps her to gauge
the susceptibility of the soil to wind erosion,
and drapinga chain over the ground’s surface
and measuringits length provides an estimate
of soilroughness. “These are pretty crude esti-
mates,” Young admits, “but they still tell us a
surprising amount about the ecosystem.”

Moderntools, suchas drones, can make the
same measurements, sometimes with greater
precision, but the chain is much cheaper and
easier to travel with. Getting permissionto fly
adroneis often difficult, or evenimpossiblein
some countries, Young says. And drones can
complicate reproducibility if collaborators
don’t have access to the same tools. Young is
partofaninternational effort called CrustNet,
in which researchers use shared protocols to
study drylands, and the chain method is one
of several simple metrics that have helped the
project to expand.

“We’ve been able to launch a global collab-
oration purely by basing protocols around
things that most people can access and learn
to use quickly,” Youngsays, adding: “We’d love
tostudy everysiteinreally deep detail, but the
reality is that we have to be practical about
what works. For this project, the jewellery
chainis the correct tool for the job.”

Accessibility and reproducibility also form
the foundation of Sasa Iskri¢’s work as part
of KAPJasa, a non-profit kite organizationin
Ljubljana, Slovenia. The groupisn’t focused on
science, but Iskrié¢ says that they have some-
times assisted on research projects, such as
anaerial survey of anewly discovered Roman
villa, imaging remnants of medieval agricul-
ture and assessing water pollution in the Lju-
bljanicaRiver.

The group’s most common kite for these
studies is a rokkaku dako, a six-sided struc-
ture of Japanese design. Around 1.8 metres tall
and1.5metres wide, these large kites can carry
more than one kilogram, and Iskri¢ predicts

that people will send microphones, meteor-
ological equipment or even Geiger counters
aloft to help answer research questions.
Kites offer several benefits compared with
drones, Iskri¢ says. “A kite can stay aloft for
hours, while a simple drone flies for half an
hourbeforeits batteries get depleted,” he says,
adding that this problem is greatly exacer-
bated onceyoustart adding weight. “Also, one
can’t fly [drones] in urban areas, in national
parks or over heritage or archaeological sites.
But, one canfly akite pretty much anywhere.”

Simplicity in thelab

Turning to simpler tools has alsobeenaboon
in the laboratory, particularly at a time when
funding for science has dipped and every
penny counts.

“Getting away from what the usual suppliers
offer you can be freeing,” says Marie Held, a
microscopy image analyst at the University
of Liverpool, UK. “I've been able to create new
things that match the specifics of the work
I'm doing, things I could never buy out of a
catalogue.”

Asapostdocat the University of Southamp-
ton, UK, Held had access to a 3D printer, and
although the machine itselfis not simple, her
creations were. For her research, Held was
imaging tiny spheres made up of mouse kid-
ney cellsusing afluorescent dye that bleaches
when it is exposed to light. Rather than work
in a dark room all day, she printed her own,
bespoke holder for her sample tubes. As well

“A spirit of
improvisationis
essentialinagood
field scientist.”

as keeping the tubes in darkness, the lidded
container stopped them from drying out,
andshedesigneditinagrid that matched her
experimental protocol.

Held says that she got hooked on finding
new uses for the printer. Rather thanbuying a
new pipette rack —“they are so expensive, and
all they do is suspend a pipette on the desk!”
—she used online resources, such as Thingi-
verse, MakerWorld and Yeggi, to find free files
to print her own. And once she became more
comfortable with the software, she was also
able to design more of her own, tailor-made
tools. When she struggled to reach a knob
in the microscopy lab, for example, Held
designed a gripper on a stick that she could
use to turn it without leaving her seat. “None
of it was groundbreaking, but it made my life
alittle easier,” she says.

David Ho, achemical oceanographer at the
University of Hawai‘i at Manoa, has similarly
relied on out-of-the-box thinking to develop
something useful for his work. Ho studies the

David Thomas uses a soup ladle on a pole to
collect brine samples in the Arctic.

processes that influence how carbon dioxide
from the atmosphere gets into the ocean,
which absorbs roughly 30% of atmospheric
CO,. Oceanographers use a device called an
equilibrator to measure the CO, in seawater,
and, somewhat paradoxically, they do so by
sampling the air above the water after it’s had
achance to equilibrate in the device. Almost
allequilibrators are large, homemade devices
built from acrylic sheet and polycarbonate.

Morethantwo decades ago, Hoapproached
his friend, Tim Newberger, at the US National
Oceanographicand Atmospheric Administra-
tion in Boulder, Colorado, about crafting an
equilibrator that was compact enough to put
aboard aresearch vessel. It needed to be able
towithstand the ship’smotionand be insulated
sothatthe water temperature remained steady.
Newberger strapped together two commer-
cial water flasks — a 1.5-litre ‘keg” and a 1-litre
tumbler designed for everyday hydration —
and incorporated an infrared CO, detector.
The final design looks more like abomb than
ascientificinstrument, but it has joinedHoon
expeditionsto every oceanbasinonthe planet.

“Before he worked in science, this guy was
aviolin-maker, and he was a genius who could
make a US$100 solution for your $100,000
problem,” Ho says of Newberger, adding that
if you're not the creative type yourself, it’s
definitely fairgame tolean on peoplewhoare.
“Most places have a shop team that will work
with you to build something, and my experi-
ences have taught meit canbeafun challenge
towork withthem through the puzzle of mak-
ingwhat you need.”

Amanda Heidt is a freelance journalist in
southeast Utah.
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