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As a theme, synthetic biology contains a broad and interdisciplinary suite of technological capabilities.
While the text below highlights a few selected areas of interest (pollution remediation, medical
technology, and cellular agriculture), this list is certainly not representative of the full scope of
synthetic biology technologies and their applications. In some instances, synthetic biology may
primarily be generating tools that enable novel technologies to become products (e.g., synthetic
biology catalysts). Acknowledging the limited scope of the text below, we present some forward
looking applications of the rapidly advancing field of synthetic biology. These areas are ripe with
potential for creating innovative products and advancing environmental and economic equity.

Geospatial technologies are tools used to map and analyze Earth's surface and patterns in human
societies. All environmental data refers to a specific location on Earth at a particular time, and1

geospatial mapping is critical to understanding where and when specific conditions exist.

Spatial inequality is defined as inequality in economic
and social indicators of wellbeing across geographical
units within a country. Variations in allocations of2

valued resources (e.g., clean air and water, access to
green space, government services and investments) can
be understood and influenced using geospatial data.

Understanding geospatial data is a critical skill to support
policymaking. Required not only for political, data, and
environmental scientists, it is also becoming increasingly
important for community members to understand when
taking action to address local conditions. While access to
geospatial data had previously been limited to city
planners and other geography professionals, web-based
mapping and visualization tools are growing in

2 Kanbur, R. and Venables, J. (Eds.). 2005. Spatial Inequality and Development. Oxford: Oxford University Press.
1 “What Are Geospatial Technologies?” American Association for the Advancement of Science, 2021.
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capabilities and accessibility, thereby allowing amateur users to access and use geospatial data.

Two examples of the geospatial technologies referenced within this paper are defined below.

1. Global Positioning System (GPS): GPS is a positioning system based on a network of
satellites that continuously transmit coded information. The information transmitted from
the satellites can be interpreted by receivers to precisely identify locations on Earth by
measuring distances from the satellites. While initially developed for military use, GPS3

has become a ubiquitous infrastructure underpinning major economic sectors, including
telecommunications, electrical power distribution, banking and finance, transportation,
environmental and natural resources management, agriculture, and emergency services,
while still serving the military.

2. Geographic Information System (GIS): A geographic information system is a
framework for gathering, managing, and analyzing data. Rooted in the science of
geography, GIS integrates many types of data. It analyzes spatial location and organizes
layers of information into visualizations using maps and 3D scenes. With these data
combinations, GIS reveals deep insights, such as patterns, relationships, and situations,
thereby helping users make informed decisions.4

Understanding and Repairing Spatial Inequities
While environmental problems can be global, regional, or local in nature, the human impacts are
determined by site-specific conditions over time that may either compound or offset such
impacts. For example, climate-change-induced flood events can devastate low-lying
neighborhoods with substandard housing, inadequate stormwater infrastructure, and high poverty
rates. Conversely, a neighborhood on higher ground with newer stormwater infrastructure and
greater financial resources would be more likely to address any flood impacts quickly and,
therefore, face less disruption from the same event.

Through the detailed mapping of on-the-ground conditions, geospatial technologies facilitate the
visualization of environmental burdens (e.g., proximity to polluting industries, transportation
corridors) overlayed with economic conditions (e.g., substandard housing, plumbing poverty,
unemployment rates), meteorological conditions, and other factors. Access to visualizations
allows for identifying environmentally burdened and vulnerable communities and the allocation
of resources to address such burdens.

Historically, state-sanctioned segregation led to the disproportionate clustering of minority
neighborhoods near heavy industry, transportation hubs, and other high-pollution locations. The
Civil Rights Act of 1964 and the Fair Housing Act of 1968 outlawed state-sanctioned

4 ESRI (https://www.esri.com/en-us/what-is-gis/overview)

3 USDA: Maryland Natural Resources Conservation Service Presentation, 2007. Downloaded 4/19/2021 from:
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_024990.pdf

Working paper by the Center for Environmental Policy, American University School of Public Affairs.
October 2021.

3



segregation; however, federal, state, and local governments continued to prioritize white
communities for infrastructure investments, such as water infrastructure improvements, while
highway construction and general disinvestment afflicted minority neighborhoods. As a result,
minorities generally live closer to stationary sources of air pollution and Toxic Release Inventory
(TRI) sites than their white counterparts throughout the US.5 6

These technologies and data analysis techniques have contributed to libraries mapping thousands
of environmental justice (EJ) trends. In 2012, the EPA's Office of Environmental Justice
published the Environmental Justice Screening and Mapping Tool (EJSCREEN). EJSCREEN is
the most robust environmental justice mapping tool available today for environmental
information and demographics. It includes categories such as cancer risk, respiratory hazard
index, particulate matter (PM2.5), ozone, and others. EJSCREEN is used in permitting,
enforcement, and compliance applications such as Environmental Impact Assessments required
by the National Environmental Policy Act.

Figure 1: EJSCREEN results for Cancer Risk in Louisiana. Marker is Laplace, Louisiana.

Several states have developed their own robust environmental justice mapping tools, such as
California's CalEnviroScreen developed by CALEPA's Office of Environmental Health Hazard
Assessments, the New York Department of Conservation's Maps & Geospatial Information
System (GIS) Tools for Environmental Justice, the Massachusetts Executive Office for Energy
and Environmental Affairs' Environmental Justice Viewer, among others.

While the application of geospatial technologies for mapping environmental justice issues is not
new, its importance cannot be overstated. According to Charles Lee of EPA's Office of
Environmental Justice, "By effectively integrating EJ mapping into their work, government
agencies can finally take substantive steps to go beyond merely conducting enhanced public

6 Banzhaf, Spencer, Lala Ma, and Christopher Timmins. 2019. "Environmental Justice: The Economics of Race,
Place, and Pollution." Journal of Economic Perspectives, 33 (1): 185-208.

5 The Toxic Release Inventory (TRI) is a federal system that tracks the management of certain toxic chemicals that
may pose a threat to human health and the environment that are released from various industries.
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participation in response to disproportionate impacts … EJ mapping … holds the potential to
more precisely characterize and operationalize the concept of disproportionate impacts."7

Opportunities for Improving Equity Using Geospatial Technologies

"Plumbing Poverty" in Lowndes County, Alabama
Lowndes County, Alabama, illustrates how geospatial data can be used to understand
on-the-ground conditions and advocate for policy changes. In this low-income, predominantly
black and rural community, 40-90% of households have a failing or no sewage system. The
clay-rich soil of Alabama can cause traditional septic systems to sink, which creates gaps and
cracks in the concrete and piping, allowing sewage to escape. More importantly, many
households cannot afford to install the types of septic systems that are compatible with their soil
conditions and cost between $6,000 and $30,000. In Lowndes County, the average household
income is $18,046, and 31% of families live below the poverty line. Families often cannot afford
flood insurance, let alone on-site septic systems. Therefore, households often 'straight pipe' waste
into backyards and creeks, leading to problems such as odors, parasite-borne illnesses, and
long-term disabilities. , ,8 9 10

In a 2019 study, researchers from the University of Oregon, Eugene, examined household water
insecurity in the US and coined the term "plumbing poverty" to explore the spatial distribution of
social inequality. Using census data, researchers examined the presence or absence of "complete
plumbing systems," and they mapped plumbing incompleteness clustered in American Indian,
Alaskan Native, Black, and Hispanic households. In central Alabama (including Lowndes
County), Black households are 4.9 times more likely to lack complete plumbing, as illustrated in
the maps below.11

Public awareness of such conditions is contributing to action. For example, in 2018, the Alabama
Center for Rural Enterprise and EarthJustice filed a complaint outlining the Civil Rights (Title
VI) violations by Alabama's Public Health Department and the Lowndes County Health
Department for administering sewage disposal and infectious diseases programs with disparate

11Shiloh Deitz & Katie Meehan (2019) Plumbing Poverty: Mapping Hot Spots of Racial and Geographic Inequality
in U.S. Household Water Insecurity, Annals of the American Association of Geographers, 109:4, 1092-1109,
https://doi.org/10.1080/24694452.2018.1530587

10 Alagan, R., White, R.O. and Aladuwaka, S. (2018), "Empowering the Disempowered through Civil Rights
Geographic Information Systems: The Case of Black Belt Region of Alabama", Environment, Politics, and Society
(Research in Political Sociology, Vol. 25), Emerald Publishing Limited, Bingley, pp. 45-74.
https://doi.org/10.1108/S0895-993520180000025003

9 McKenna, Megan. “Human Intestinal Parasite Burden and Poor Sanitation in Rural Alabama.” The American
Society of Tropical Medicine and Hygiene, 2017, www.ajtmh.org/view/journals/tpmd/97/5/article-p1623.xml.

8 Inga T. Winkler & Catherine Coleman Flowers, “"America's Dirty Secret": The Human Right to Sanitation In
Alabama's Black Belt.” Columbia Human Rights Law Review, Vol. 2021, No. 49.1:1

7 Lee, Charles. “A Game Changer in The Making? Lessons From States Advancing Environmental Justice Through
Mapping and Cumulative Impact Strategies.” Environmental Law Reporter, vol. 2020, no. 50 ELR 10204, 2020, pp.
3-4. Environmental Law Inst., https://www.eli.org/sites/default/files/docs/50.10203.pdf.
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impacts based on race. Further, in March 2021, the US Department of Agriculture awarded a12

$4.85 million grant to the Consortium for Alabama Rural Water and Wastewater Management to
provide alternative wastewater treatment solutions for underserved, low-income communities.

Community Air Monitoring
Improved access to low-cost monitoring equipment, accessibility of geospatial data, and easy to
access data dashboards, combined with questions about federal enforcement of air standards,
have contributed to a rise in community air monitoring. Community members, in some cases,
rely on non-regulatory air sensors to track emissions from local sources of pollution and plot data
by location over time. This allows community members to track changes over time, make
informed decisions about their exposures, and help to bring polluters and regulators to task when
exceedances are detected.

For example, St. John the Baptist Parish, Louisiana, is home to the only neoprene facility in the
United States, informally known as the 'Denka Facility.' This facility emits chloroprene, a
chemical the EPA recognizes as increasing cancer risk by 2 to 5 times in exposed populations.13

In 2016, six 24-hour monitors collected air samples around the Denka Facility that showed
emissions exceeding the legal limits. In response, in addition to filing a lawsuit against the14

plant's owner, community members began to monitor emissions using enhanced air monitoring,
which includes lower-cost monitors carefully sited in locations appropriate for monitoring
facility emissions on an ongoing basis. For more information, see the issue paper, Enhanced Air
Monitoring.

Food Deserts: According to the USDA Economic Research Service, approximately 7.3 million
Americans live in low-income census tracts far from fully stocked grocery stores (defined as at
least one mile away in urban areas or 20 miles in rural areas). Linking census tract data on15

average household income and vehicle ownership with data on community transportation options
and food quality and access can provide detailed visualizations of the challenges faced by
impoverished neighborhoods in food deserts. These visualizations can help planners zone for and
incentivize new supermarkets, grocery stores, or farmers' markets. They can also help public
health officials identify target audiences for public education about healthy eating.

Technology Trends
Unoccupied Aerial Vehicles: Advanced geospatial data collection and analysis technologies rely
on automated data collection and improved microchips, data storage, and battery life to gather
data from an extended range of locations. For example, Unoccupied Aerial Vehicles (UAVs),

15 https://www.ers.usda.gov/data-products/food-access-research-atlas/documentation/ (5/14/2021).
14 Butler vs. Denka, 2019

13 IP Review ICF_Chloroprene Dec. 9 2015. Retrieved from:
https://www.epa.gov/sites/production/files/2016-10/documents/chloroprene.pdf (5/14/2021).

12 “Complaint Under Title VI of the Civil Rights Act of 1964, 42 U.S.C. § 2000d, 45 C.F.R. Part 80.” ACRE Title VI
Complaint, EarthJustice, Sept. 2018,
earthjustice.org/sites/default/files/files/ACRE%20Title%20VI%20complaint%20with%20exhibits_09-28-2018.pdf
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also known as remote-controlled or autonomous drones, are used to monitor air quality
conditions and map previously inaccessible areas. UAVs carrying low-cost air quality sensing
units can detect pollutants, including wildfire smoke, carbon dioxide, particulate matter (PM),
volatile organic compounds (VOCs), ozone, and water vapor concentrations.16

As climate change increases the frequency of catastrophic wildfires, early detection is an
increasingly important mitigation tool. Combined with artificial intelligence (AI), UAVs have
been introduced to provide real-time monitoring of forest conditions. These data keep firefighters
safer, allow for the prioritization of firefighting resources, and inform local evacuation orders.
They also save significant resources. Instead of flying aircraft over forested areas during fire
seasons, these autonomous vehicles operate at a fraction of the cost.17

Watershed Management: Stormwater managers have long relied on GIS for flood mitigation and
risk planning, but innovative tools are providing access to new data sources and analysis
capabilities. Climate change puts freshwater systems at risk by increasing air and water
temperatures and changing precipitation impact flow patterns, creating flooding risks. By
connecting GIS and stormwater management tools, land-use planners can incorporate not only
historical land uses but also hydraulic and hydrological calculations into the design of urban
areas.

GIS mapping, combined with monitoring tools, provides real-time data to monitor catch basins
and stormwater flows, direction, and volume. This information helps cities and operations
managers to take action before and during emergency flooding and avoid dangerous spills and
polluted runoff.

In Washtenaw County, MI, real-time data are made available to Huron River dam operators to
protect aquatic ecosystems by adjusting flows, preventing flooding, and, conversely, maintaining
minimum water levels during dry periods.18

In Torrance, California, publicly available geospatial data — specifically, satellite imagery — is
used to map the watershed and identify features such as land cover and impervious surfaces. The
review of data over time shows planners where changes are happening. By combining these data
with watershed models, planners can evaluate various management scenarios to inform how and
where investments need to be made and preempt further watershed degradation.19

19 Darkwah, S. Satellite Remote Sensing - A Geospatial Technology for Watershed Management. Presentation at
California Stormwater Management Association. Sept. 14, 2016.

18 https://www.hrwc.org/

17 Akhloufi, M.A.; Couturier, A.; Castro, N.A. Unmanned Aerial Vehicles for Wildland Fires: Sensing, Perception,
Cooperation and Assistance. Drones 2021, 5, 15. https://doi.org/10.3390/ drones5010015

16 Rohi, G., Ejofodomi, O., Ofualagba, G., Autonomous monitoring, analysis, and countering of air pollution using
environmental drones. Heliyon. VOLUME 6, ISSUE 1, E03252, JANUARY 01, 2020.
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Empowering Communities
Geospatial data has historically been the purview of local government planners and academia.
However, increased remote-sensing expertise, GIS, GPS, UAVs, and the abundance of data
analysis tools have made geospatial analysis readily accessible to state and federal policymakers.
Further, non-governmental and community organizations are expanding their use of geospatial
technologies by using data to understand and advocate for policy changes.

The Democratizing Geospatial Technology project, sponsored by the EthicalGEO Fellowship of
the American Geographical Society, seeks to prove that environmental justice communities are
in the best position to produce and use data for spatial visualization. It aims to develop a
community-based participatory mapping model that others can replicate for their own use. Led
by David Padgett, Associate Professor of Geography at Tennessee State University, the project
develops GIS tools and training materials to test in five Gulf Coast communities.

The project espouses the principle that communities affected by pollution and other
environmental problems should be able to acquire, use, and own their data without relying on
outside sources. According to Padgett, it is important to collaborate with the community during20

the data collection process. Without proper collaboration, community members can feel as if they
are the subjects of a study. It is also necessary to consider who owns the data. If a community
does not own and control its data, it may be unable to access or use the data's final versions.

Preliminary Conclusions
● Geospatial analysis is a powerful tool for visualizing inequities.
● Understanding geospatial data is an important skill for community advocacy.
● Data ownership and community engagement and empowerment are important

considerations in community data use.

Opportunities for Further Research
● Survey the landscape of publicly available tools for environmental justice mapping
● Identify community-led geospatial data projects to address EJ or research an individual

case study. Options for discussion for a future case study:
1. Air Alliance Houston's use of geospatial mapping in its community air quality

monitoring program.
2. Use of geospatial mapping by community groups to understand and advocate for

stricter air pollution measures around the Denka facility in St. John the Baptist
Parish, Louisiana.

3. Geospatial mapping by community-based organizations to understand plumbing
poverty in Lowndes County, Alabama.

4. Other

Preliminary Recommendation

20 Padgett, D. Interview on 11/23/2020.
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● Incorporate the principles of the Democratizing Geospatial Technology program into
federal agency data programs to advance equity across the federal government and
with non-governmental and community-based organizations
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