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ABSTRACT

ARTICLE HISTORY

A community-integrated geographic information systems (CIGIS) study
assimilating qualitative and quantitative information about human
exposures and health was conducted in Colfax, Louisiana, which hosts a
commercial open burn/open detonation thermal treatment (TT) facility
that destroys hazardous waste from Superfund sites, explosives, military
ordnances, and propellants. Fifty-eight percent of residents identiﬁed as
Black, and median annual income was $16,318, with 90% of the
population living below the poverty line. We conducted oral history
interviews of twenty-nine residents and mined public records to
document the community’s experiences. Interviews focused on themes
of Colfax’s history, changing community fabric, resident health, and air
pollution. The oral histories and public comments by community
members provided information about lived experiences, including
several health conditions, toleration of noise and vibration, property
damage, and resulting changes to activity levels. These statements
provided insight into the extent of suﬀering experienced by the local
community. We also ran dispersion models for dates in 2020 when the
waste stream composition, mass, and burn/smoldering times were
provided in the facility’s public records. The dispersion models placed
the air pollution at the homes of residents during some of the time,
and waste stream records from the TT facility agree with community
testimony about health eﬀects based on the known health eﬀects of
those compounds. CIGIS integration of our community-based
qualitative data and maps with quantitative air pollution dispersion
model output illustrated alignment between community complaints of
impacts to health and property, known toxicological information about
waste stream compounds, and dispersion model output.
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Introduction
In environmental justice research, oral history has been used as a tool to document community
experiences with environmental conditions. Examples include autobiographical ﬁlmmaking of a
community pastor discussing the impacts of landﬁlling polychlorinated biphenyls (PCBs) in
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Warren County, NC (Vasudevan and Kearney 2016; Vasudevan and Kearney 2012), oral history interviews and documentary ﬁlmmaking of climate-related land erosion along the Louisiana Gulf Coast
(Cooper 2015; Wilkins 2015), narrative text documenting exposure to uranium mine tailings
among the Navajo People (Richter 2009; Brugge, Benally, and Yazzie-Lewis 2006), recorded interviews (Arsenault et al. 2017) and documentary ﬁlmmaking about exposure to industrial emissions
and loss of historic lands in Mossville, LA (Lanier and Glustrom 2020), and documentary ﬁlmmaking
about collective activism against a paper and chemical plant emitting hazardous compounds in
Crossett, AR (Kottke-Masocco and Sardarian 2017). Each of these examples seeks to elevate community voices in telling the story of an area, rather than having those voices ﬁltered through an outside
narrative (Purifoy and Vasudevan 2018).
Oral histories and personal narratives can be synthesized to establish a cohesive picture of community conditions. Human stories about environmental health hazards are more compelling for educating the public than quantitative environmental assessment studies. However, without
quantitative evidence of pollutant emissions or concentrations in the environment, it is not possible
to demonstrate whether or not an emitting facility is in compliance with the conditions of its operating permits, which specify quantitative limits. In fact, many environmental justice studies heavily
rely upon quantitative data (e.g. Jerrett et al. 2001; Maantay 2007; Miranda et al. 2011). Studies that
eﬀectively integrate qualitative data from interviews and personal testimony with quantitative evidence of community exposures, in which the qualitative and quantitative evidence streams each corroborate the other, are scarce but have the potential for greater policy impact (Aitken and Kwan
2018).
Community-integrated geographic information systems (CIGIS) can integrate qualitative and
quantitative data to understand the role of place on human experience (Aitken and Kwan
2018). For example, oral histories were incorporated into a geographic information systems
(GIS) framework by coding the interview transcripts and assigning those codes to relevant
locations (Kwan and Ding 2008) in a combined framework illustrating the risk of violence to
Muslim women living in Columbus, OH after the September 11, 2001 attacks. Mennis, Mason,
and Cao (2013) combined narratives with GIS to visualize locations of high risk activities
among Philadelphia, PA youth. Environmental and community damage has been similarly documented in CIGIS. Word mapping was combined with GIS to contextualize location-speciﬁc
damage related to a 2016 Joplin, MO tornado (Ajayakumar et al. 2019). Features of a deteriorating
community in Atlanta were identiﬁed by researchers and aggregated into GIS for cluster analysis
(Jelks et al. 2018). GIS was combined with historical records to retrace children’s potential
exposure to industrial pollution during travel to school in late nineteenth century and early twentieth century London (Lafreniere and Gilliland 2015). The ability to integrate mapping with lived
experience makes CIGIS amenable to studying a multitude of environmental injustices (Jung and
Elwood 2010).
The overarching goal of this project is to document community exposures to emissions from
a hazardous waste thermal treatment (TT) facility and impacts from those exposures. The TT
facility is located in Colfax, LA, a predominantly Black rural town having many characteristics
of concentrated disadvantage (U.S. Census Bureau 2020a, 2020b), which Liévanos (2019)
deﬁned as a conﬂuence of factors, including: high percentage with less than a high school education, high percentage living below twice the federal poverty level, and high percentage
unemployed.
We conducted oral history interviews and mined public records to document the Colfax community’s experience, and we mapped the qualitative data from these sources. We then integrated our
community-based qualitative data and maps with quantitative air pollution dispersion model output
in a CIGIS framework aligning with community complaints to develop our community-informed
exposure assessment. Our mixed methods approach provides a model for researchers to document
impacts of environmental pollution by grounding our quantitative study design in the stories of local
residents’ lived experiences.
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Materials and methods
Study site
Colfax, LA is the county seat of Grant Parish in central Louisiana (Figure 1). Colfax is well documented
as the site of the 1873 Colfax Massacre, during which white supremacists from across the state killed
an estimated 60–150 Black formerly enslaved people in a standoﬀ over the town’s election of Republicans sympathetic to the Reconstructionist cause (Lewis 2016; Lane 2009). Based on the 2019 ﬁveyear American Community Survey, 58% of Colfax’s 2,492 residents identify as Black or African American (U.S. Census Bureau 2020a), with a median household income of $16,318 and 90.2% of the community living below the poverty line (U.S. Census Bureau 2020b). The majority of the adult
population (88.8%) does not have a college degree (U.S. Census Bureau 2020b). Nearly a third of residents (30.8%) are below 18 y of age, while 26.3% are age 60 y or over (U.S. Census Bureau 2020c). The
Rock community, a predominantly Black enclave, sits approximately ﬁve miles north of downtown
Colfax.
Just to the north of The Rock community is a commercial open burn/open detonation hazardous waste TT facility (latitude: 31.573122, longitude: −92.712577; Figure 2). The TT facility is a
Resource Conservation and Recovery Act site that handles waste from Superfund sites. It also
treats ﬁreworks, propellants, explosives, military ordnances, and ammonium perchlorate, handling
275,177 pounds of net explosive weight and 784,598 pounds of other material in 2020 (LDEQ
2020). The TT facility consists of twenty burn trays measuring approximately 4.9 m x 4.9 m in
area and storage facilities. Waste and accelerant are loaded onto the trays and then ignited
for each burn or detonation event. Burn time is permitted to last no more than ﬁve minutes,
and the material is allowed to smolder for an additional 45 min. No more than ten pans can

Figure 1. Map of the state of Louisiana, with Grant Parish (outline) and the town of Colfax (star) indicated.
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Figure 2. Image of the TT facility, courtesy of the Louisiana Department of Environmental Quality.

be in use in any given hour (LDEQ 2020). The facility holds a Minor Source air permit that was
issued for the time period July 8, 2019 – July 8, 2029. Community complaints about the TT facility’s emissions led to an investigation by the Louisiana Department of Environmental Quality
(LDEQ), which ultimately found that conditions of their permit were violated, leading to a ﬁne
of $605,000 (LDEQ, 2021). No other point sources of air pollution are located in Colfax, although
a multifuel power plant that burns natural gas, coal, coke, and biomass is located approximately
30 km to the southwest of Clean Harbors, in Lena, LA.

Study participants
Fifty-three individuals provided oral and/or public comments during a permit expansion hearing
held by the LDEQ on July 27, 2018 (LDEQ 2018). Among this group, thirty-ﬁve lived in Colfax. Six
resided in Grant Parish either in an incorporated town other than Colfax or on unincorporated
land. The remaining twelve lived in other parts of Louisiana and attended the hearing either to
share their technical knowledge or to voice their support or opposition. Demographic characteristics
were not available for those who spoke publicly.
Twenty-nine community members were interviewed for the oral history portions of the work.
Among those, nine were interviewed two or three times either individually or in groups, and the
remaining twenty were interviewed once. Most participants resided in Colfax or The Rock. One
resident of Alexandria, LA who serves as a pastor in Colfax and two individuals who own land
in Colfax but reside elsewhere were also interviewed. In total, thirty interviews were conducted,
with four interviews involving two people who asked to be interviewed together, one interview
involving a group of ﬁve people, and twenty-ﬁve interviews of individuals alone. Ages of interviewees ranged from 45 y to 85 y at the time of the interview. Nineteen of the twenty-nine
people interviewed identiﬁed as Black, and ten identiﬁed as White. Fourteen of the interviewees
identiﬁed as cis-gender females, and ﬁfteen identiﬁed as cis-gender males. Among the twentynine people interviewed, seventeen also provided public comments during the July 27, 2018
LDEQ public hearing. Hence, a total of sixty-ﬁve individuals participated in this research.
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Data collection
Transcripts for oral public comments and written comments (LDEQ 2018) from the July 28, 2018
hearing were reviewed for statements pertaining to health eﬀects and personal observations of pollution, noise, and property damage. The commenters were required to sign into the meeting using
their names and addresses, and these addresses were used for spatial location.
We created a table containing public commenters’ names and addresses, and we included a
column with a code for each impact listed. If a commenter noted a certain type of health, pollution, or property impact, then the condition was marked with a 1 to denote that it was mentioned. If the condition was not mentioned by a commenter, then it was marked with a 0. A
notation of 0 did not mean that the problem did not exist, only that the problem was not mentioned by that commenter to have existed. Because these comments were publicly available, no
Institutional Review Board (IRB) review took place for information shared through these
comments.
Oral histories were conducted separately by researchers at North Carolina State University (NCSU)
[under the Louisiana State University (LSU) Superfund Research Center] and by Tulane University.
Oral histories entailed detailed interviews with community members. IRB approval was granted
for the interviews conducted by NCSU on May 18, 2020 with a reliance agreement to LSU. The
team from Tulane University was granted an exemption from the Tulane IRB.
Initially, twenty-eight participants were recruited from the community by the NCSU/LSU team for
the oral history interviews, and approximately twenty participants were recruited by the Tulane
team. Participants had to be 18 years of age and older. Recruitment entailed outreach through
our community partner, church pastors, and random selection via phone books. During recruitment,
the NCSU/LSU team explained that members of the Colfax community were being interviewed to
learn about air pollution in the community and how it might impact residents’ lives. If a resident
agreed to participate, the NSCU/LSU team scheduled a time to read the consent form to them
over the phone and obtain verbal consent on participating in the interview, storing their name,
and adding the interview to the T. Harry Williams Center for Oral History at LSU. Only agreement
to participate was required for the interview to take place. At the time of consent, the NCSU/LSU
team noted potential requirements set by the participant, such as redaction of the interviewee’s
name or redaction of the name of the TT facility. All names of living third parties were redacted,
as well. Consent forms were written at a second grade reading level to ensure that they were understandable to all participants.
The NCSU/LSU team consulted with oral historians at LSU (Ms. Jennifer Abraham Cramer) and
NCSU (Prof. Blair Kelley) to devise an open-ended interview with questions spanning demographics,
family history in the Colfax area, work, leisure, health, and environmental exposures from the TT facility. Detailed questions (Supplemental Figures S1 and S2) were written to guide each interview, but
their open-endedness allowed each participant to discuss their experiences and history in a conversational manner to produce more authentic insights. Interviews lasted between twenty minutes and
two hours in length.
The NCSU/LSU protocol was conducted completely over Zoom telephone to ensure that personal
contact was not made during the COVID-19 pandemic and that the interviews did not rely on the
participants having a computer or internet access. These interviews took place during the period
July 9, 2020 – January 6, 2021. The Zoom platform was employed because it has the capability to
record meetings. Zoom Telephone was speciﬁcally used because not all interview participants
had a home computer or reliable internet, and Zoom Telephone could be used to reach participants
via telephone. To begin the interviews, a researcher called a participant through Zoom Telephone. A
second audio ﬁle was captured using the Audacity software. The Tulane interviews were conducted
in person and recorded on Handy Zoom recorders. These interviews occurred during the period
January 10-14, 2020 and on March 14, 2020. Interview transcripts by both teams were produced
using Otter.ai.
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Each transcript then received at least two levels of quality assurance. First, a member of the
research team listened to the interview and made corrections to the written transcript where it
diﬀered from the recording. Then, a diﬀerent member of the research team took the transcript
with one level of quality assurance and listened to the recording while making a second set of corrections. If the recording was inaudible in places, the transcript would be marked accordingly. These
quality assurance steps were taken by the NSCU/LSU and Tulane teams independently with the interviews each team conducted. For the interviews obtained by NCSU/LSU, names of third parties were
retracted along with any other retractions requested by the participant in accordance with the IRB
requirements.
For this study, each of the transcripts was coded for the same health, pollution, and property
impacts that were stated during the public comment review. Conditions were then stored in a
table (not shown to maintain participant privacy) containing the location of each participant and
where each code was used as a column. The same binary designations were used for the 2018
public comments, noting that a given condition was or was not stated to exist.

Data analysis
Coded and tabulated data from the public comments and oral history interviews were combined
into a single table for the purposes of mapping where individuals stated to have experienced
health eﬀects or to have observed smoke, noise, or welfare eﬀects. These data were imported
into the Environmental Systems Research Institute (ESRI) ArcGIS Online application for visualization.
Heat maps of each parameter were developed to illustrate both where impacts were stated to have
been experienced and where they were stated to have been experienced in greater density.
For every day in 2020 when community members submitted to the LDEQ complaints of heavy
smoke or other potential violations by the TT facility, the LDEQ compiled incident reports that
included the facility’s records (“burn logs”) about the type, quantity, and timeframe of waste constituents processed (LDEQ 2020a-v). Burn logs were available for 103 days in 2020. Each identiﬁable
waste constituent listed in the burn logs was cross-referenced to health impact summaries using the
PubChem database (NLM 2021a).

Dispersion modeling
The National Oceanographic and Atmospheric Administration (NOAA) internet-based version of the
Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model was run to obtain eighthour averages of particulate matter (PM) concentration. Our implementation of HYSPLIT employed
a Lagrangian simulation of air parcels undergoing stepwise advection and diﬀusion based on simulated meteorological data (Stein et al. 2015).
The HYSPLIT model allows for designation of a generic source of particles emitted into the air. The
source was deﬁned in the model to represent the TT facility. It was designated at the latitude and
longitude of the center of the burn pads. To be similar to the TT facility’s operational time, eighthour simulations were run using the burn log data for the quantity of waste reported on days
when data were made available (LDEQ 2020a-v). The quantity of material burned was input into
the model for each day as the daily mass of the emissions, based on the burn logs submitted by
the TT facility to the LDEQ. Emission timing was designated as the time for burning and smoldering
of the waste, which was also recorded in the burn logs.
We ran the internet-based HYSPLIT model v5.1.0 with twelve-km scale meteorological data from
the North American Mesoscale Forecast System on an eight-hour basis. Note that concentration can
be calculated on any point in the domain; meteorological data are assumed constant over a ﬁxed
distance. Ngan et al. (2018) compared twenty-seven-km, nine-km, and three-km meteorological
data grids in multiple scenarios modeled by HYSPLIT with outdoor experimental measurements
and found that the output was insensitive to the grid resolution for days with low turbulence,
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and none of the models predicted the plume well for high turbulence days. On this basis, the twelvekm grid (the ﬁnest grid available for eight-hour simulations) was selected, since Colfax is a rural area
with low surface roughness. Eight-hour simulations were performed for the hours 0800–1600 Central
Time, over which the durations of burning and smoldering for the wastes were aggregated. A dry
deposition rate of 0.001 m/s was assumed based on Saylor et al. (2019). The burn tray height
cannot be conﬁrmed without physical measurement, but they were assumed to be one meter
above ground level. The plume height was assumed to be 10–100 m based on a study of open
burn pits in Iraq (Rinker 2011). Model results were output to text ﬁles. In the absence of burn log
data for non-complaint days, zero concentration was assumed. Average plume concentrations
were computed by season (Winter: January 1 – March 19 and December 21–31, Spring: March 20
– June 20, Summer: June 21 – September 21, and September 22 – December 20) and across 2020
using R (version 1.4.1106) packages akima, tidyverse, dplyr, tidyr, and reshape2. Average plume concentrations were mapped using ggplot2 and ggforce.

Results
Emissions and summary impacts
Waste stream information submitted by the TT facility to the LDEQ (LDEQ 2020) revealed that
material burned or detonated included several metals (including lead and copper), explosives
(including HMX, PETN, and RDX), and organochlorines (including ammonium perchlorate and potassium perchlorate) (Table 1). Some materials, labeled as “inert” or packaging, were of unknown
composition. Potential particulate emissions include metals, chlorinated organic products such as
dioxins, and environmentally persistent free radicals (EPFR), typically organic–metal conjugates
formed in the cool part of a ﬂame that are stable enough to last for days to weeks in ambient air
but are biologically active due to the presence of a free radical (Dellinger et al. 2007; Gehling and
Dellinger 2013).
Health eﬀect studies of materials processed by the TT facility have been summarized by the
National Library of Medicine (NLM 2021a, 2021b, 2021c, 2021d, 2021e, 2021f, 2021g, 2021h, 2021i,
2021j, 2021k, 2021l, 2021m, 2021n, 2021o, 2021p, 2021q, 2021r, 2021s, 2021t, 2021u, 2021v,
2021w, 2021x, 2021y, 2021z, 2021aa, 2021ab, 2021ac) and mapped to the materials (Table 1).
Studies compiled by the NLM indicate that many of the compounds processed by the TT facility
have been associated with skin, eye, and respiratory symptoms in animal and human studies,
with many acting as an irritant. Several of the compounds have been associated with cardiovascular
and gastrointestinal symptoms, while a smaller number have been tied to thyroid issues. Mixed evidence of carcinogenesis was provided for a handful of compounds. This analysis does not account
for the combustion process, because individual components of PM have not yet been measured in
the community. However, studies of military burn pits with waste streams have identiﬁed emissions
of volatile organic compounds (VOCs) and PM along with several of its components, including polycyclic aromatic hydrocarbons (PAHs), dioxins and furans, and metals (IOM 2011 and studies cited
therein). Collectively, these emissions have been associated with carcinogenesis (potential or probable); lesions and changes to function of the central and peripheral nervous system; irritation to the
skin, eyes, and respiratory tract; changes to respiratory, cardiovascular, and thyroid function; liver
and kidney weight changes; and changes in blood chemistry.
Dispersion model simulations for the days where waste stream data were provided by the TT facility to LDEQ indicate that The Rock community directly south and southwest of the TT facility and the
town of Colfax are at times impacted by emissions, as are households living to the northwest and
northeast of the facility (Figures 3 and 4 and Supplemental Figure S3). Peak concentrations were predicted to coincide with The Rock community on several days (Figure 3). Under shifting wind conditions on June 17 and August 6, much greater spread of the plume is estimated to have caused
exposures in all directions from the facility. On days with faster average winds, dispersion is more

Table 1. Thermal treatment waste stream materials (Clean Harbors, 2021; LDEQ 2020) and related health impacts (NLM 2021a-2021ac).
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Compound
Aluminum
Ammonium Perchlorate
Barium
Barium Nitrate
Charcoal
Clay
Copper
Glue
Hexanitrostilbene
HMX (Octogen/ Cyclotetramethylene-tetranitramine)
Inert material
Isopropanol
Lead
Lead Styphnate
Magnesium
Mud
Nitrous oxide (N.O.S.)
Nitrocellulose
Nitroglycerin
Packaging
Paper
Pentolite
PETN (Pentaerythritol Tetranitrate)
Potassium Nitrate/Black powder
Potassium perchlorate
RDX (Cyclotrimethylene-trinitramine)
Rock
Sulfur
Tin
Titanium
Trash and debris
Vacuum pump oil
Water
Zinc
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Figure 3. HYSPLIT dispersion model runs, averaged over eight hours. Plumes are shown for the highest emissions days for (top
left) winter (February 25, 2020), (top right) spring (May 18, 2020), (bottom left) summer (August 6, 2020), and (bottom right) fall
(October 26, 2020). The only source modeled is the TT facility. Images were created in ESRI ArcGIS Online.

constrained. The plume’s transport and dispersion patterns on January 30, March 6, and May 18 were
strongly inﬂuenced by a single dominant wind direction. Thus, exposures on those days would have
impacted individuals in the direct path of the wind and plume. The model predicts that highest concentrations generally occurred in the spring to the southeast of the facility with elevated concentrations visible extending to the west, southwest, and south, suggesting elevated exposures for
most of the surrounding residents based on residential patterns. Elevated concentrations were
also predicted south of the facility during the summer (Figure 4). The high concentration areas
observed farther from the facility likely reﬂected pollutant fate over longer durations rather than
the highest concentration during the TT facility’s operation, which may have been better represented in the short-term simulations. Lower concentrations were estimated for the fall and
winter, which dampened the annual averages.
Among the sixty-ﬁve individuals who submitted public comments and/or sat for oral history interviews, forty-ﬁve were from Colfax or The Rock, and another ﬁfteen were from the surrounding area.
These individuals provided information about their health and their observations regarding pollution, noise, damage to homes, and other impacts (Table 2, Figures 5 and 6). Thirty-seven of
those individuals stated that they experienced some kind of health problem, with respiratory
eﬀects being the most common, followed by skin and heart problems. Eleven individuals stated
that they had suﬀered from thyroid disease. Thirty-six individuals stated to have heard explosions
and other loud noises from the TT facility, and thirty stated that they saw smoke. Twenty-eight
described damage to their homes, while ﬁfteen people described the illness or death of outdoor
animals. It is important to note that these numbers cannot be used to estimate prevalence, and it
is not possible to determine from our analysis if health conditions were caused by exposure to
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Figure 4. HYSPLIT dispersion model runs, averaged for (top) all of 2020, (center left) winter, (center right) spring, (bottom
left) summer, and (bottom right) fall. The red plus sign indicates the position of the TT facility, and 5-km buﬀers are drawn
around the facility. The concentrations are relative to the source, with yellow illustrating high concentrations and dark blue
illustrating low concentrations. The only source modeled is the TT facility. Images were created in R using the ggplot and
ggforce packages.
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Table 2. Tabulated observations among individuals from oral history and public comments combined.
Impact Description
Cancer
Cardiovascular Disease
Death
Gastrointestinal Problems
Other Health Problems
Respiratory Problems
Skin Problems
Thyroid Disease
Detonations or Burning Last Greater than 5 min
Odor
Other Pollution
Particle Deposition
Seeing Smoke
Water Pollution
Damage to Home due to Vibration
Loss or Illness of Animals
Noise
Other Impacts

Category
Health
Health
Health
Health
Health
Health
Health
Health
Pollution
Pollution
Pollution
Pollution
Pollution
Pollution
Impact
Impact
Impact
Impact

Count
5
17
1
5
22
28
21
11
8
18
8
19
30
19
28
15
36
13

pollution emitted by the TT facility. However, these statements can be thought of as dispositive evidence of ailments occurring in the community.

Reports of health conditions
Reports of adverse health conditions (Figure 5 and Supplemental Figure S4) among individuals
living in Grant Parish suggest that the greatest conﬂuence of thyroid, respiratory, and skin problems occurs in the ﬁve-km buﬀer of the TT facility, but individuals outside this radius also
reported experiencing health conditions. This area includes The Rock community just to the
south and southeast as well as households to the west and northwest. The heat maps illustrate
where there are numerous cases. Several reports of thyroid and respiratory eﬀects outside the
ﬁve-km buﬀer were also noted, especially to the southeast of the TT facility. The northwestto-southeast axis of elevated cases falls within the areas predicted to have elevated concentrations averaged over the spring and summer. These data cannot be used to estimate prevalence given that health data were obtained from those who volunteered to participate in
interviews or provide public comments. Likewise, correlation with the concentration data
would amount to overinterpretation of the self-reported health data given the oral history participant recruiting approach. However, the information from models, records, and testimony do
indicate the occurrence of these ailments in the community and especially in close proximity to
the facility.
While maps illustrate the co-occurrence of health problems and air pollutant plumes, interview
content enriches these data with testimony about residents’ lived experiences and how such symptoms have aﬀected their daily lives:
“ … I lost from 225 to 180 pounds within a month.”

An anonymous resident recounted a similar experience with weight loss and remarked how
common thyroid disease was becoming in The Rock/Colfax area:
“ … one thing that really struck me and it was just mind boggling is so many people with thyroid problems.
Everybody has thyroid problems.”

Several residents spoke of the impact of skin irritation from depositing particles. The presence of irritants outdoors has negatively impacted children’s activity levels, creating potential health issues,
such as obesity and diabetes, due in part to inactivity:
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Figure 5. Map illustrating residents who have provided oral history or public comments indicating (top left) thyroid disease, (top
right) respiratory disease, (bottom left) skin damage, and (bottom right) cancer. If residents have provided testimony of these
diseases, their position is shown with a red dot. If residents did not provide testimony of those diseases, their position is
shown with a blue dot. Heat maps are used to illustrate where there were a conﬂuence of cases (with higher numbers for a
given location indicated in bright yellow). Note that the blue and red dots overlap in some areas. The red plus sign indicates
the position of the TT facility, and 5-km buﬀers are drawn around the TT facility. Images were created in ESRI ArcGIS Online.

“The children they can’t go out and play like they used to. They complain about scratching and itching and stuﬀ
like that, and stuﬀ falling from the sky. You know it’s just big headaches, so [they] stay inside now.”

One resident described changes to their health following a return to Colfax after living and working
elsewhere for many years:
“When I worked away from home out of diﬀerent states, I never got sick and was bothered with the respiratory
problem. But once I … got back into the state of Louisiana, that’s when I started having all kinds of respiratory
problems – bronchitis, diﬀerent stuﬀ, and then I got where I just couldn’t go outside and couldn’t breathe
outside.”

In combination, these testimonials comprise evidence that residents living within at least ﬁve km of
the facility are likely exposed to emissions from the TT facility and are experiencing health eﬀects.
Dispersion models illustrate likely exposure to the plume. Residents’ stated symptoms and diagnoses
are consistent with thyroid, respiratory, and skin eﬀects, among other health eﬀects, known or
thought to be caused by compounds emitted by the TT facility, and several residents describe the
extent to which these ailments interfere with their lives on a daily basis, underscoring the severity
of impacts.
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Figure 6. Map illustrating residents who have provided oral history or public comments indicating observation of (top left)
smoke, (top right) loud noise, (bottom left) vibrational damage to their homes, and (bottom right) animals killed. If residents
have provided testimony of these observations, their position is shown with a red dot. If residents did not provide testimony
of those observations, their position is shown with a blue dot. Heat maps are used to illustrate where there are a conﬂuence
of observations (with higher numbers for a given location indicated in bright yellow). Note that the blue and red dots
overlap in some areas. The red plus sign indicates the position of the TT facility, and 5-km buﬀers are drawn around the TT facility.
Images were created in ESRI ArcGIS Online.

Reports of environmental conditions
Reports among individuals living in Grant Parish include seeing smoke, hearing blasts, experiencing household damage due to vibration, and smelling odors, among other impacts (Figure 6
and Supplemental Figures S5 and S6). Similar to reports of health impacts, the most observations of seeing smoke, smelling odors, hearing loud noises, and experiencing damage to
their homes came from The Rock community. However, compared with reports of health conditions, a larger number of reports came from individuals living to the east of The Rock community. This may reﬂect the fact that noise- and vibration-related impacts are less dependent on
wind direction than are air pollution plumes, making the potential spatial extent of impacts
greater.
As for documentation of health conditions, oral history interview content communicates the
severity of air pollution in Colfax and The Rock. Residents described how smoke from the TT facility
engulfs the area:
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“The smoke is always real dark. You know, like have you ever seen, like, when a car is burning? It’s dark like that,
like black smoke. And it comes up kind of slow. And it’s thick.”

That smoke was noted to be clearly visible from a distance to the TT facility:
“But, when I see it down here where I live, and I’m about 10–12 miles away, it looks … vast.”

Residents shared recollections of burning and chemical odors:
“ … I can smell what I believe is, you know, like whatever explosions smells like … ”
“It’s like a chemical smell.”

Residents also described the noise and vibration generated by the TT facility. The vibration has been
characterized as suﬃcient to impact residents’ homes:
“Sometimes it sounds like a shooting ﬁre and sometimes it sounds like a bomb goes oﬀ, you know. It shook the
foundation of your home.”
“They were rattling doors. Here, I actually thought somebody was trying to kick my door. And that’s how loud
and I live three miles from this facility. But it was literally shaking the windows in my house.”

Residents noted that it is now diﬃcult to grow plants outdoors. That represents a change from past
years:
“ … things are hard to grow. I remember when I was a child and my grandparents would plant right next door …
They planted feed corn or grain, sweet potatoes, water melons, all kinds of stuﬀ they planted and it grew like
crazy, but now it isn’t happening.”

Similar impacts on local ﬁshing have occurred:
“We[’re] too scared to eat ﬁsh out of the river. We used to ﬁsh down at the river.”

Smoke can be seen in the distance, and shock waves from an explosion can be omnidirectional.
Hence, locations where smoke, noise, and damage to homes were observed would not necessarily
depend on wind direction in the way that air pollutant dispersion patterns did.

Discussion
The oral history interviews provided a detailed, personal picture of Colfax and The Rock residents’
exposures, and the negative impacts of exposures on health, property, and quality of life. Oral
history is a powerful tool for documenting environmental impacts of pollution, because recording
the residents’ experiences allows them to control the narrative about their own community (Williams
and Riley 2020). Furthermore, the oral history interviews highlight the social dynamics in Colfax and
The Rock in a way that would not be apparent from quantitative data alone. These features make oral
history gathering a promising facet of environmental justice studies, to build trust between researchers and residents (Hernandez et al. 2017) and to present the experiences and perspectives of the
exposed most accurately (Williams and Riley 2020). These characteristics become especially important when working in communities and cultures foreign to the researcher, including international
communities. For these reasons, the residents’ oral history testimonies are an important piece of evidence to consider in policy-making (Hernandez et al. 2017).
Seasonal averages of dispersion model output tend to corroborate the residents’ personal stories.
The conﬂuence of reported health symptoms and seasonal peaks in modeled concentrations
through our CIGIS framework provides support for embarking on sampling in those areas of
Colfax and The Rock. Most CIGIS studies provide a spatial context for qualitative data (Mennis,
Mason, and Cao 2013; Kwan and Ding 2008, Ajayakumar et al. 2019; Jelks et al. 2018; Lafreniere
and Gilliland 2015). However, they typically do not integrate quantitative and qualitative data to a
great extent. Our CIGIS framework – incorporating oral histories, location-based burn log records
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(LDEQ 2020), and dispersion models – allowed for identiﬁcation of spatial overlap between Colfax
residents’ estimated exposures and health patterns mined from the oral history interviews. In a
rural area like Colfax with a small population and limited access to health care providers, it is
more challenging to conduct a suﬃciently powered epidemiological study compared with locations
with higher population density (Piel et al. 2020). Our approach provides an alternative framework for
understanding exposure-health relationships in Colfax and similar rural settings.

Study quality considerations
Several limitations of our approach must be considered when interpreting our results. Even with
detailed dispersion models, our CIGIS approach still does not include measurements of compounds
to verify their existence, deposition, and concentration. Importantly, the health and environmental
eﬀects observation maps (Figures 5 and 6) may reﬂect several biases. Selection bias likely occurred,
because those willing to submit to interviews had similar negative viewpoints of the TT facility, and
community members were more likely to suggest interviewing their neighbors who experienced
negative impacts of the TT facility. Colfax and The Rock comprise a small community, and neighbors
and area pastors often recommended the same individuals to interview.
It is possible that underreporting might have occurred where some participants did not share part
of their experience. For example, in public comments, some residents of Colfax or The Rock may have
withheld information about their experience with a given health eﬀect, because a neighbor may
have already spoken of the same health eﬀect or because that resident may have wanted to emphasize another aspect of the TT facility’s operations or of their own experiences.
The widespread poverty and low educational attainment in Colfax and The Rock make it diﬃcult
to examine how concentrated disadvantage may impact the exposure-response relationship,
because there is not a suﬃciently large population of residents who do not experience concentrated
disadvantage to provide a contrasting condition. However, residents’ testimonies indicate their
beliefs that factors leading to classiﬁcation as concentrated disadvantage (high poverty, low educational attainment, predominantly Black community) also contributed to the TT facility’s disregard
for the community in its operations. Despite these limitations, the conﬂuence of cases and depth of
comments provides evidence that exposures are likely to exist and that community members are
experiencing impacts. A sampling strategy involving measurements of concentrations can be
designed on the basis of our initial ﬁndings.
Traditional air pollution epidemiology studies typically estimate a surrogate for exposure and
model its statistical association with a health outcome (e.g. Burnett et al. 2001). Buzzelli (2007)
argued that, when conducting an environmental justice study, solely modeling the exposureresponse relationship or modeling interaction of a single factor with the exposure produces a
ﬂawed association. However, he contended that incorporation into the modeling framework of
population health study techniques, such as mapping and evaluation of the role of social structures,
helps to uncover natural variability due to individual response. Additionally, oral history interviews
facilitate greater depth of community engagement throughout the research in a manner similar to
PhotoVoice, in which community members photograph parts of their neighborhood that are important to them (Kovacic et al. 2014; Jelks et al. 2018). In this manner, we (researchers and community
members) work in partnership to incorporate community members’ lived experiences throughout
the exposure assessment while employing CIGIS to visualize these narratives.

Conclusions
The oral histories and public comments by The Rock and Colfax community members provided information about lived experiences, including several health conditions, toleration of noise and
vibration, property damage, and resulting changes to activity levels. These statements also provided
insight into the extent of suﬀering experienced by the local community. At the same time, dispersion
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models placing the air pollution plume at the homes of residents during some of the time and waste
stream records from the TT facility agree with community testimony about health symptoms experienced based on the known health eﬀects of those compounds.
Further corroboration of our health and pollutant maps (Figures 5 and 6) and waste stream
declarations by ﬁeld measurements is needed to increase conﬁdence in our ﬁndings. In this
regard, residents’ testimonies provide a foundation for our sampling and chemical analysis plan.
Our CIGIS ﬁndings support collection of PM generated by the TT facility, with extra attention in
The Rock neighborhood within ﬁve km to the south of the facility. Some sampling devices will be
placed within the ten-km buﬀer to observe a gradient. Statements made by residents during their
interviews compel focus on compounds thought to be associated with thyroid disease (derivatives
of perchlorate compounds) and skin irritation (most metals and explosives) that might be unique to
the TT facility and cause the severe reactions described by residents. Identiﬁcation of a background
site for comparison can also be identiﬁed using the dispersion and health maps in combination.
Further analysis of the oral history transcripts will elucidate other aspects of the lived experience
of community members within The Rock and Colfax. For example, the experiences of living through
constant explosions, damage to property, and severe health problems have pushed some residents
into increased activism. Additionally, the social structure of The Rock and Colfax community has
enabled risk communication within the community. These topics were also explored during the
interviews and will be presented through mental modeling frameworks in subsequent articles.
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