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Investigating the Unseen Microbiology of the Gowanus Canal
www.bkbioreactor.com
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N: Bio’reac’tor; an engineered device or system that
supports a biologically active environment, esp. to
synthesize useful substances or to break down harmful
ones.

PROJECT OVERVIEW
A collaboration between Nelson Byrd Woltz Landscape Architects,
GenSpace, Weill Cornell Medical College and the Gowanus Canal
Conservancy, the BK BioReactor is an investigation into the

unseen microbiology of the Gowanus Canal, Brooklyn’s
hippest Superfund. Utilizing the tools of biotechnology and
design, the group’s mission is one of microbial discovery
and a continued study for a designed future.

The project was catalyzed by the U.S. Environmental Protection Agency’s
(EPA) designation of the Gowanus Canal as a Superfund and the
subsequent plan to dredge and sub-aquatically cap the waterway over
the next ten years. This destructive remediation of the canal environment
raised the question: what is the environment that is about to be supplanted?
This process follows 150 years of industrial pollution, combined sewage
overflows, and stormwater runoff contaminating the length of the canal,
garnering an infamous reputation among the most polluted waterways
in the Nation. Yet polluted environments, long overlooked as inimical
to life, are receiving attention from Microbiologists. Armed with new
analytical tools from molecular engineering, scientists are unearthing
new communities of microorganisms unique to the urban realm. The
team is cognizant that dredging operations will eliminate these microbial
communities in the Gowanus Canal before their taxonomy and potentially
unique cell products are studied and catalogued.

Sampling Sediment

Equipped with DIY sampling instruments, a deep curiosity in the invisible microbiology
of this toxic environment, the team and a crew of volunteers sampled sediment at
14 targeted sites along the two mile stretch of the canal. Site attributes such as turbidity,

light exposure, depth, salinity, and location were assessed to select sites that exhibited a spectrum of
environmental influences.
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Extracting and Sequencing DNA

These samples were subsequently taken to GenSpace, a nonprofit organization
dedicated to promoting citizen science and access to biotechnology, to extract the
DNA of the collection of organisms – or microbiome -- in the sediment and store it
as a genetic library. The extracted DNA is then sequenced, computationally identifying the microbes

and their functions with this data. Since the initial sampling, originally envisioned as a one-time expedition
into the genetic material of the Gowanus Canal, the project has developed into a seasonal investigation
of these extreme and resilient life forms.

Visualizing Data:
evolutionary relationships
The Gowanus Canal’s microbial population is a result
of its parent microbiological makeup, the introduction
of foreign materials through increased trade and
shipping, and subsequent adaptations to the urban,
industrial environment. Many of the species identified
in preliminary samplings are also found in the human
gut (a result of raw sewage) while other species
reveal influence of the canal’s proximity to the ocean.
Regardless of their source, the microbial melting pot
of the canal has fine-tuned its metabolism, swapping
genes with neighboring communities and evolving
novel functions to develop real-time strategies for the
unique state of the canal. This phylogenetic

tree, representative of scientific
findings to be communicated to the
community, illustrates the diversity of
life found in this toxic environment and
its relative prevalence across the 14
original sampling locations.

Sampling Site

Visualizing Data:
functional analysis
To further understand specific roles in the
microbiome’s performance, the study team
mapped the metabolic pathways collected
through three seasonal samplings. Genes are the

functional component of all organisms, and complex biological
functions depend on the coordinated activity of many genes,
which in turn form a metabolic pathway. The study team generated
a functional map of the microbiome at each of the 14 sites, with
a particular focus on pathways identified as potentially useful
for bioremediation. These pathways include breakdown of toxic
compounds, such as:
•
•
•
•
•

cresol, a phenolic compound commonly found in fuel
processing activities with high acute toxicity,
arsenic, a potent carcinogen,
toluene, an industrial solvent which can cause asthma,
atrazine, an herbicide which affects the endocrine (hormonal)
system,
aniline, used in the production of dyes and plastics, and affects
the transport of oxygen in the blood, as well as the biosynthesis
of glutathione, a protein that enables plants and bacteria to
assimilate heavy metals from their environment.

The Gowanus Canal is an incubator for the evolution of such bioremediating functions, attesting to its industrial past and its capacity
for self-renewal.
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The Gowanus Canal is found to be a unique environment that not only supports life,
but that hosts organisms actively remediating the toxicity of this historical waterway.
The following design proposal aims to communicate this information to the
community by providing a versatile platform for continued study and engagement.

The BK BioReactor
A Mobile Research Library for the Unseen
Microbiology of the Gowanus Canal
First Prize in 2015 Gowanus by Design Competition

DESIGN PROPOSAL

The Gowanus Canal is scheduled to undergo dredging and sub-aquatic capping as part of the
USEPA Superfund Cleanup plan beginning in 2016. Alternatively microbiologists are drawing
attention to polluted urban environments as they discover new communities of microorganisms
capable of biologically processing pollutants. In reaction to the announcements to cap the canal,
the study team commenced a microbiome analysis of sediment samples to ensure the taxonomy
and potentially unique cellular functions of microbial communities in the Gowanus Canal are
catalogued and studied before dredging operations eliminate access.

The BK BioReactor is an infrastructural BioNetwork designed to support
and propel these investigations into the future and generate an active
space for the community to inquire, investigate and project findings
back to the community. Akin to the canoes in which our D.I.Y. investigations occurred
and central to the BK BioReactor is a roving watercraft, which is capable of docking at specific
locations along the canal for sampling events and to showcase research findings through the
activation of vestigial spaces. As an open platform to support individual study,

community engagement, and synthetic biology, the mobile research
station aspires to embody the public library of the future. The station is

supported by a network of vertical Smart Docks that expand upon the 14 original locations where
seasonal sampling has occurred. These responsive interventions visibly delineate the site; collect
and visualize information on water temperature, pH, salinity, and dissolved oxygen; and most
importantly grant researchers and citizen scientists access to the microbiome below the cleanup
cap.

BK BioReactor
- Mobile Watercraft
- Research Library
- Roll-Out Program Venue
The mobile research library, genetic laboratory, and event venue embeds itself into the
industrial shipping history by appropriating the formal language of the industry’s most
ubiquitous object: the barge. Its nautical nature allows researchers,

students, and guests the experience of being on the water, where
it carries out its mission of programmatic versatility: research,
recreation, residencies, and outreach.

Smart Dock
- Site Delineator
- Responsive Indicator
- Instrument of Access

The Smart Dock can take several site-specific forms based
on the needs of the researcher and the community: from light
beacon to species composition flag-bearer. Of particular interest and

innovation is the use of genetic engineering to pair bioremediation functions with the
visible phenomenon of bioluminescence. By associating pathways that break down
toxic components with a gene similar to the firefly light-generating enzyme luciferase,
bacteria will glow when they are actively breaking down these compounds, providing a
direct, visible readout for the community of otherwise invisible molecular performances.

