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ABSTRACT

Air pollution, climate change, and other environmental factors contribute to increasing asthma in many
cities, including Washington, DC. This work provides a case study of how community input, neighborhood-
level health surveys, and air quality monitoring can inform the understanding of asthma and air pollution.
A partnership between residents, concerned citizens, scientists, and educators has been working for envi-
ronmental health in a DC neighborhood located on a major roadway, next to concrete batch plants and
close to several construction projects. A 2016 Community Health and Safety Study by the DC Department
of Health, Office of Health Equity, recognized this particular neighborhood as more vulnerable to health
impacts from recent construction in the area, compared with the surrounding areas, due to lower average
income and higher percentage of seniors and children. This work presents neighborhood health surveys
and air quality monitoring data at a more granular, local level than available from DC government
agencies. The health surveys documented residents’ experiences around air pollution, asthma,
and other health concerns. A key finding was evidence that asthma might be undercounted in this
neighborhood; among residents who did not indicate a diagnosis of asthma, many discussed having
symptoms that could reflect asthma. Air quality monitoring (particulate matter [PM]) did not indicate that
federal air quality standards have been violated. Real-time PM data, however, illustrated how current PM
standards, such as 1- and 24-hour averages, may fail to capture shorter duration high PM events that are
consistent with resident concerns.
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INTRODUCTION

The Buzzard Point neighborhood in southwest
Washington, DC, faces traffic-related pollution and

fugitive dust from concrete batching and major con-
struction projects. It is bounded by a major roadway,
S. Capitol Street (Fig. 1), whose traffic monitor near the
Frederick Douglass Memorial Bridge has recorded high
traffic volumes, with more than 40,000 vehicles per day
(2015–2018).1 Residents report anecdotally that traffic
congestion on S. Capitol Street is often high, especially
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when there are games being held at one of the two sta-
diums. Higher traffic volumes and engine idling translate
to higher levels of air pollution.2 Construction activ-
ities have also increased neighborhood truck traffic.

Sources of particulate matter (PM) also include
industrial sources and fugitive dust from demolition and
construction.3,4 Major construction has included a new
electrical power station (Pepco), a 20,000-seat stadium

(Audi Field), and a replacement construction project for a
major bridge (Frederick Douglass Memorial Bridge),
which will soon be followed by demolition of the old
bridge. In addition, there are concrete batch plants
(Superior Concrete and Vulcan Materials) in proximity to
low-income public housing units and garden-style
townhomes, most of which are low rise and lack central
ventilation. One of the concrete batch plants, Superior
Concrete Materials, renewed its permit during the mon-
itoring period. That facility was recently penalized for
violations of the Clean Air Act before the repermitting.
The two counts were operating without a required oper-
ating permit and with a stationary engine.5

During the construction of Audi Field ( July 2016–July
2018), fence-line monitoring conducted by the DC De-
partment of Energy and the Environment (DOEE) and
Haley and Aldrich Consulting Company provided further
evidence for fugitive dust and diesel pollution. For each
exceedance of their air quality action level, DOEE and/or
Haley and Aldrich documented the cause and the action
taken for dust mitigation. Several times it was deter-
mined that the source of high PM10 was not stadium
construction, but instead, the adjacent concrete batching
plants. There were also events where diesel fumes, rather
than construction dust, triggered the action level. These
findings implicate concrete batching and diesel as pol-
lution sources, in addition to demolition and construc-
tion, affecting the neighborhood.

Fugitive dust, commercial truck traffic, construction
noise, and traffic-related pollution are just a few of the
many issues this community faces. In response to resi-
dent health concerns, the DC Department of Health Of-
fice of Health Equity conducted the 2016 Buzzard Point
Community Health and Safety Study (CHASS).6 Meet-
ings with the city agencies responsible for oversight have
occurred throughout the construction and concrete batch
plant repermitting processes. However, residents have
felt that the recommendations laid out in the CHASS
have not been adequately followed, and that the com-
munity still has an unfair burden of pollution.7,8,9

FIG. 1. Map of Buzzard Point neighborhood showing
proximity to two sports stadiums (Audi Field and Na-
tionals Park), two concrete plants (Superior Concrete and
Vulcan Materials), and an electrical substation (Pepco).
South Capitol Street, a major thoroughfare, runs between
the neighborhood and Nationals Park. The Frederick
Douglass Memorial Bridge has some of the highest
traffic volumes in DC, and a replacement bridge is being
built alongside it. A DOEE PM2.5 monitor is housed at
the King Greenleaf Recreation Center. The neighborhood
monitor (depicted by a red star) is housed on the second
floor of an apartment complex. Image from Google
Maps. DOEE, Department of Energy and the Environ-
ment; PM, particulate matter. Color images are available
online.

2Vickie L. Boothe and Derek G. Shendell. ‘‘Potential Health
Effects Associated with Residential Proximity to Freeways and
Primary Roads: Review of Scientific Literature, 1999–2006.’’
Journal of Environmental Health 70 (2008): 33–41, 55–56.
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Asthma: A Comparison of Field Exposure Studies.’’ Environ-
mental Health 11 (2012): 45.

4Lindsay Wichers Stanek, Jason D. Sacks, Steven J. Dutton,
and Jean-Jacques B. Dubois. ‘‘Attributing Health Effects to
Apportioned Components and Sources of Particulate Matter: An
Evaluation of Collective Results.’’ Atmospheric Environment
45 (2011): 5655–5663.

5US EPA News Releases. EPA settlement penalizes Superior
Concrete Materials for Clean Air Act violations at former DC
location, 2020. <https://www.epa.gov/newsreleases/epa-settle
ment-penalizes-superior-concrete-materials-clean-air-act-viola
tions-former-dc>. (Last accessed on September 10, 2020).

6District of Columbia Department of Health, Office of Health
Equity. Buzzard Point Community Health and Safety Study
(CHASS). 2016. <https://doh.dc.gov/sites/default/files/dc/sites/
doh/page_content/attachments/Buzzard%20Point%20Community
%20Health%20and%20Safety%20Study%20(CHASS)%20August
%202016.pdf>. (Last accessed on December 11, 2018).

7Rhonda Hamilton. ‘‘Opinion: DC development is leaving
historic black communities in the dust,’’ The Washington Post,
9 March 2018.

8Courtland Milloy. ‘‘Perspective: New stadium, new restau-
rants, and more dust and pollution for the poorest residents of
Southwest Washington.’’ The Washington Post, 6 May 2018.

9Her Chesapeake. Telling the Stories of Buzzard Point.
2018. <https://www.herchesapeake.com/blog/2018/4/2/telling-the-
stories-of-buzzard-point>. (Last accessed on December 11,
2018).
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Air pollution and asthma

Emerging and convincing evidence suggests that
traffic-related-air-pollution (TRAP) increases the burden
of asthma in children in urban areas10,11,12 and that low-
income and African American families are more severely
impacted.13 An estimate of the number of asthma cases in
the United States for 2000 and 2010 found an increase in
asthma rates that was higher in urban areas and in blocks
with the lowest household incomes.14 Low-income and
African American families are exposed to higher levels
of fine PM (PM2.5) and ozone, and many low-income
neighborhoods in urban cities are located near major
highways where exposure to these pollutants occurs more
frequently.15 Along with ozone and nitrogen dioxide,
PM2.5 induces airway inflammation and airway hyper-
sensitivity, two characteristics common in children and
adults with asthma.16

African Americans live disproportionately near facil-
ities that emit PM.17 Studies have shown that short-term
exposure to PM10 (PM smaller than 10mm in diameter)
and PM2.5 (PM smaller than 2.5 mm in diameter) has been
associated with increased asthma symptoms, while long-
term exposure has been linked to poor asthma control and
decreased lung function.18 Smaller particles penetrate
further into the lungs bypassing natural barriers such as

cilia in the nose that trap larger particles. Asthma out-
comes are likely not only to be due to the size of PM but
also on its chemical composition.19,20

Additional factors may work together with TRAP to
make low-income and African American families more
vulnerable to asthma. A study of the association of air
pollution and other factors with asthma hospitalizations
found that residence near industrial areas, African
American race, PM2.5 annual average, Medicaid eligi-
bility or no insurance, obesity, and poverty were asso-
ciated with an increased likelihood of hospital visits for
asthma. While air pollution was a major factor, it could
not be singled out as the only one to increase the risk of
asthma exacerbation.21

Health and air quality in Buzzard Point

In 2016, the DC Department of Health’s Office of
Health Equity released a Buzzard Point CHASS.22 The
study addressed the 20024 Zip Code within Ward 6, but
also focused on the census tract that maps onto the
Buzzard Point neighborhood, CT064 (Fig. 2). The study
documented how, compared with those living in other
neighborhoods within the 20024 Zip Code, CT064 resi-
dents are mainly African American, of lower socioeco-
nomic status, and have a higher use of Medicaid or
Medicare insurance coverage. Indices of economic well-
being, including senior poverty, families with female
heads of households, teen births, and unemployment,
were all higher in CT064 than in DC overall. These point
to a distressed neighborhood, with potentially more
vulnerability to poor environmental quality because of
the inability to economically cushion family members
from adverse environmental exposures.23 While census-
tract-level analysis in the CHASS revealed how residents
have socioeconomic disadvantages compared with the
surrounding areas, the study did not provide health out-
comes at the census-tract level. Measures of health out-
comes by census tract might provide more precise
estimates. Our survey used a survey instrument adapted

10Raed Alotaibi, Mathew Bechle, Julian D. Marshall, Tara
Ramani, Josias Zietsman, Mark J. Nieuwenhuijsen, and Haneen
Khreis. ‘‘Traffic Related Air Pollution and the Burden of
Childhood Asthma in the Contiguous United States in 2000
and 2010.’’ Environment International 127 (2019): 858–867.

11Ralph J. Delfino, Jun Wu, Thomas Tjoa, Sevan K.
Gullesserian, Bruce Nickerson, and Daniel L. Gillen. ‘‘Asthma
Morbidity and Ambient Air Pollution: Effect Modification by
Residential Traffic-Related Air Pollution.’’ Epidemiology 25
(2014): 48–57.

12Janice J. Kim, Svetlana Smorodinsky, Michael Lipsett, Brett
C. Singer, Alfred T. Hodgson, and Bart Ostro. ‘‘Traffic-Related
Air Pollution near Busy Roads: The East Bay Children’s Re-
spiratory Health Study.’’ American Journal of Respiratory and
Critical Care Medicine 170 (2004): 520–526.

13Delfino et al. ‘‘Asthma Morbidity and Ambient Air Pollu-
tion: Effect Modification by Residential Traffic-Related Air
Pollution.’’ (2014). Op. cit.

14Alotaibi et al. ‘‘Traffic Related Air Pollution and the Bur-
den of Childhood Asthma in the Contiguous United States in
2000 and 2010.’’ (2019). Op. cit.

15Nicholas Z. Muller, Peter Hans Matthews, and Virginia
Wiltshire-Gordon. ‘‘The Distribution of Income Is Worse than
You Think: Including Pollution Impacts into Measures of In-
come Inequality.’’ PLoS One 13 (2018): e0192461.

16Michael Guarnieri and John R. Balmes. ‘‘Outdoor Air
Pollution and Asthma.’’ The Lancet 383 (2014): 1581–1592.

17Ihab Mikati, Adam F. Benson, Thomas J. Luben, Jason D.
Sacks, and Jennifer Richmond-Bryant. ‘‘Disparities in Dis-
tribution of Particulate Matter Emission Sources by Race and
Poverty Status.’’ American Journal of Public Health 108 (2018):
480–485.

18Guarnieri and Balmes. ‘‘Outdoor Air Pollution and
Asthma.’’ (2014). Op. cit.

19Wagner et al. ‘‘Divergent Effects of Urban Particulate Air
Pollution on Allergic Airway Responses in Experimental
Asthma: A Comparison of Field Exposure Studies.’’ (2012). Op.
cit.

20Stanek et al. ‘‘Attributing Health Effects to Apportioned
Components and Sources of Particulate Matter: An Evaluation
of Collective Results.’’ (2011). Op. cit.

21Daniele Pala, José Pagán, Enea Parimbelli, Marica Teresa
Rocca, Riccardo Bellazzi, and Vittorio Casella. ‘‘Spatial En-
ablement to Support Environmental, Demographic, Socio-
economics, and Health Data Integration and Analysis for Big
Cities: A Case Study With Asthma Hospitalizations in New
York City.’’ Frontiers in Medicine 6 (2019): 84.

22District of Columbia Department of Health, Office of Health
Equity. Buzzard Point Community Health and Safety Study
(CHASS). (2016). Op. cit.

23Ibid.
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from the Behavioral Risk Factor Surveillance survey,
which asked questions about asthma diagnosis as well as
asthma symptoms and severity of asthma symp-
toms.24,25,26 Prompted by this gap in health data, our
partnership worked with residents at the community
level to gain a better portrayal of asthma and health in
CT064.

Studies from communities where associations between
respiratory symptoms and air quality were directly mea-
sured27,28 underscore the need for collecting data, en-
abling localized conditions such as proximity to pollution
point sources to be correlated with health outcomes.
Current stationary monitoring can fail to capture pollu-
tion hotspots, but a denser network of portable monitors,
with high spatial resolution, can better capture local
pollution that affects health outcomes.29 At the time of
the beginning of this study, the closest DOEE air quality

FIG. 2. Demographics (% population and mean family incomes) of Buzzard Point. Adapted figure from the Buzzard
Point Community Health and Safety Study by the DC Department of Health, Office of Health Equity. Percentages are
2010–2014 population estimates. The blue square marks the area represented in Figure 1. Color images are available
online.

24Carolyn A. Mendez-Luck, Hongjian Yu, Ying-Ying Meng,
Mona Jhawar, and Steven P. Wallace. ‘‘Estimating Health
Conditions for Small Areas: Asthma Symptom Prevalence for
State Legislative Districts.’’ Health Services Research 42 Pt 2
(2007): 2389–2409.

25Christer Janson, Ane Johannessen, Karl Franklin, Cecilie
Svanes, Linus Schiöler, Andrei Malinovschi, Thorarinn Gisla-
son, et al. ‘‘Change in the Prevalence Asthma, Rhinitis and
Respiratory Symptom over a 20 Year Period: Associations to
Year of Birth, Life Style and Sleep Related Symptoms.’’ BMC
Pulmonary Medicine 18 (2018): 152.

26Bisgaard, Hans, and Stanley Szefler. ‘‘Prevalence of
Asthma-like Symptoms in Young Children.’’ Pediatric Pulmo-
nology 42 (2007): 723–728.

27Pala et al. ‘‘Spatial Enablement to Support Environmental,
Demographic, Socioeconomics, and Health Data Integration and
Analysis for Big Cities: A Case Study With Asthma Hospitali-
zations in New York City.’’ (2019). Op. cit.

28Kim et al. ‘‘Traffic-Related Air Pollution near Busy Roads:
The East Bay Children’s Respiratory Health Study.’’ (2004). Op.
cit.

29Pala et al. ‘‘Spatial Enablement to Support Environmental,
Demographic, Socioeconomics, and Health Data Integration and
Analysis for Big Cities: A Case Study With Asthma Hospitali-
zations in New York City.’’ (2019). Op. cit.

HEALTH SURVEY AND AIR QUALITY IN BUZZARD POINT 257

D
ow

nl
oa

de
d 

by
 1

92
.3

0.
51

.1
1 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

8/
30

/2
1.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



monitors were over a mile away. In 2018, DOEE placed a
Federal Reference Method (FRM) PM2.5 monitor in the
neighborhood, on the roof of King Greenleaf Recreation
Center, which is about 700 m away from the emission
sources (Fig. 2). This study fills data gaps by monitoring
PM in the neighborhood prior to 2018, by capturing
pollution about 300 m away from emission sources
(Fig. 2), and by taking measurements in real time (one-
minute averages).

Proximity to emission sources was important since
studies have shown how PM will be higher closer to
sources than far away, with significant differences on a
scale of several hundred meters. For example, in a region
with good air quality, students at schools <300 m down-
wind from major roadways had higher incidences of
asthma.30 Some traffic-related pollutants dissipate within
50–100 m away from roadways.31 Several hundred me-
ters make a difference for fugitive dust as well. In one
study, PM10 from a construction site fell 50% within
80 m,32 and extrapolating the decay profile indicates that
PM10 from the source could be over four times higher at
300 m versus 700 m away.

Through outreach activities conducted and coordinated
by its Advisory Neighborhood Commissioner (ANC),
Rhonda Hamilton, members from the community, uni-
versity partners, and other interested members formed a
nonprofit community organization called Near Buzzard
Point Resilient Action Committee, to focus attention on
the role of environmental pollution and health conditions
affecting community residents. The resulting community-
based data presented here illustrate the importance of
working at the neighborhood level for a better under-
standing of local environmental conditions believed to
contribute to poor health outcomes.

METHODS

Health survey and focused educational session

The survey was distributed through group educational
sessions at a public housing complex (red star in Fig. 1).
These were small group settings with *8 to 10 partici-
pants. The principal investigator read aloud the consent
form to participants before the participants providing
their written permission to participate. The participants
signed the consent and completed the survey. A survey
was considered complete when all questions were an-
swered and returned to the principal investigator. All
participants were permanent residents of the Buzzard

Point neighborhood, and those who were not were ex-
cluded from data collection. Participants were recruited
largely by the ANC, Ms. Hamilton, during the week.
Sessions were held mostly in the evenings and on week-
ends. IRB was approved through the George Washington
University (IRB#051729).

The survey (provided in the Supplementary Data)
collected demographic information and responses to 36
open-ended, closed-ended, and Likert-scale questions/
statements (hereafter ‘‘questions’’) to assess health status
and health perceptions. This was an educational inter-
vention study using a paper survey with validated ques-
tions from the CDC Behavioral Risk Factor Surveillance
System (BRFSS)33 for the District of Columbia stan-
dardized survey instrument. BRFSS survey asked two im-
portant questions that we considered an indication of
asthma and chronic obstructive pulmonary disease
(COPD) recognizing that those who had asthma may also
report having COPD. This is a comprehensive instru-
ment; however, only questions related to quality of life,
chronic diseases or illnesses, and demographics were
asked. The survey tool also used the World Health Or-
ganization (WHO) quality-of-life scale.34 Our self-
reported survey responses do not permit us to tease out
differences in respiratory illness in the population that
responded.

Following survey completion, residents received a
short demonstration on identifying asthma signs and
symptoms, and on how air pollution and climate change
can affect those with breathing problems. This was a
hands-on demonstration with various asthma models
and HEPA filter room air purifier to show that residents
understood how to recognize asthma symptoms and how
to use a room air purifier. The educational sessions pro-
vided participants with the knowledge and skills essential
for identifying asthma symptoms and the various tools
that could be used to manage asthma. Educational ses-
sions also provided information about climate change
and on how to use an air purifier to filter harmful PM and
improve home indoor air quality.

PM monitoring

The neighborhood monitor (red star in Fig. 1) was
located on the second-floor level of a residential apart-
ment complex. It sampled air from outside the window
through tubing. One-minute PM averages of 1-second
readings were recorded using a TSI DustTrak DRX laser
particle counter that reports fractions by size (PM2.5 and
PM10).

30Kim et al. ‘‘Traffic-Related Air Pollution near Busy Roads:
The East Bay Children’s Respiratory Health Study.’’ (2004).
Op. cit.

31Luz T. Padró-Martı́nez, Allison P. Patton, Jeffrey B. Trull,
Wig Zamore, Doug Brugge, and John L. Durant. ‘‘Mobile
Monitoring of Particle Number Concentration and Other Traffic-
Related Air Pollutants in a near-Highway Neighborhood over
the Course of a Year.’’ Atmospheric Environment 61 (2012):
253–264.

32Farhad Azarmi, and Prashant Kumar. ‘‘Ambient Exposure
to Coarse and Fine Particle Emissions from Building Demoli-
tion.’’ Atmospheric Environment 137 (2016): 62–79.

33DC Department of Health, Behavioral Risk Factor Sur-
veillance System Annual Report. 2017. <https://dchealth.dc.gov/
sites/default/files/dc/sites/doh/publication/attachments/BRFSS%
202017%20Annual%20Report%20Final.pdf>. (Last accessed on
September 16, 2020).

34David G. Moriarty, Mathew M. Zack, and Rosemarie
Kobau. ‘‘The Centers for Disease Control and Prevention’s
Healthy Days Measures—Population Tracking of Perceived
Physical and Mental Health over Time.’’ Health and Quality of
Life Outcomes 1 (2003): 37.
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Because laser particle counters are known to give
PM2.5 readings that are consistently higher than instru-
ments used for regulatory purposes (FRM),35 there are
limitations to the conclusions that can be drawn from the
measurements. Deviations from FRM also depend on
weather conditions and particle size.36 PM10 data re-
ported here are directly from DustTrak readings. Pre-
vious work37 using the same instrument included PM2.5

calibration. PM2.5 data reported here are calibrated, using
the same method as before.

RESULTS

Health survey

The survey was a convenience sampling of 97 indi-
viduals, roughly 4% of the census tract population of
2569 for CT064.38 Responses are in Supplementary
Tables S2–S7 and shown graphically in Supplementary
Figure S2. Figure 3 shows the respondents’ demograph-
ics, compared with CT064 as a whole. Respondents were
overwhelmingly female. One in five respondents was 65
years and older, a higher percentage compared with
CT064 as a whole (13%39). The majority (n = 91, 94%)
identified as African American, similar to the 89.7%
black non-Hispanic reported for CT064 in 201240 and
74% black in 2018.41 However, respondents were less
likely to be married or to have a college degree, com-
pared with CT064 as a whole. Respondents’ income
distribution was consistent with CT064. The average
income for CT064 was $32,070 for 2010–2014, with an
18.7% unemployment rate and 47% in poverty.42 The

2018 census data list a median household income of
$30,991 and a 35% poverty rate. Table 1 shows generally
poorer self-reported health outcomes for survey respon-
dents, compared with DC as a whole.

Almost half (n = 39) of those surveyed reported that
they had been told at some point that they had asthma,
and the majority (n = 32) reported that they still had
asthma. We did find that there was an overlap (n = 16) of
those who reported asthma and COPD diagnoses. Most
received their asthma diagnosis when they were young
(Fig. 4). In addition to those diagnosed with asthma, 24
reported experiencing some symptoms of asthma, despite
having no asthma diagnosis. Both groups report similarly
on questions about their general health (Supplementary
Fig. S1). NIH standards provide an asthma severity clas-
sification, which indicates asthma burden in partici-
pants.43 The four classifications are in Supplementary
Table S1. Figure 5 profiles survey respondents in the two
groups, after classification according to these NIH stan-
dards. Some cases lacked enough symptoms for a clear
classification but presented close to intermittent asthma.
These were categorized as ‘‘almost intermittent.’’

Figure 6 shows responses to questions that probed
participants’ views on environmental hazards. Nearly
50% felt that air pollution had affected them personally
or had affected a family member or friend. Those with an
asthma diagnosis (n = 39) and those with asthma symp-
toms but no diagnosis (n = 24) were more likely to report
that air pollution had affected them individually than
those who did not have asthma or asthma symptoms
(n = 26). The top three environmental issues that concer-
ned most residents were air pollution, traffic/congestion,
and pollution of our waterways.

Air quality monitoring

Neighborhood PM2.5 was below the U.S. Environ-
mental Protection Agency (U.S. EPA) and WHO stan-
dards (Table 2). Table 2 shows higher neighborhood
24-hour PM10 averages than the WHO guidelines, but
because PM10 readings were not calibrated against an
FRM monitor, we cannot conclude that there were actual
exceedances. DOEE monitors both PM10 and PM2.5 at
the MacMillan Reservoir. Neighborhood PM10 24-hour
averages showed weaker correlation with the MacMillan
Reservoir than PM2.5 (Supplementary Fig. S3).

For the Audi Field construction project, the action
level for dust mitigation was defined as when a 15-
minute rolling average during work hours exceeded
100mg/m3 at the fenceline, as measured by a DustTrak,
the same type of instrument as the neighborhood monitor.
Applying this criterion to the neighborhood data revealed
that PM10 met the action level frequently, sometimes
several times a week (Fig. 7).

35Albert Chung, Daniel P.Y. Chang, Michael J. Kleeman,
Kevin D. Perry, Thomas A. Cahill, Dabrina Dutcher, Eric M.
McDougall, and Kenneth Stroud. ‘‘Comparison of Real-Time
Instruments Used To Monitor Airborne Particulate Matter.’’
Journal of the Air & Waste Management Association 51 (2001):
109–120.

36Jie Zhang, Joseph P. Marto, and James J. Schwab.
‘‘Exploring the Applicability and Limitations of Selected
Optical Scattering Instruments for PM Mass Measurement.’’
Atmospheric Measurement Techniques 11 (2018): 2995–
3005.

37Amanda L. Northcross, Shizuka Hsieh, Sacoby Wilson,
Ebony Roper, Russell R. Dickerson, Parisa Norouzi, and Vernon
Morris. ‘‘Monitoring Neighborhood Concentrations of PM 2.5

and Black Carbon: When Using Citywide Averages Under-
estimates Impacts in a Community with Environmental Justice
Issues.’’ Environmental Justice 13 (2020): 27–35.

38Census Reporter, Census Tract 64, District of Columbia.
2019. <https://censusreporter.org/profiles/14000US11001006400-
census-tract-64-district-of-columbia-dc/>. (Last accessed on
October 8, 2020).

39Ibid.
40District of Columbia Department of Health, Office of Health

Equity. Buzzard Point Community Health and Safety Study
(CHASS). (2016). Op. cit.

41Census Reporter, Census Tract 64, District of Columbia.
(2019). Op. cit.

42District of Columbia Department of Health, Office of Health
Equity. Buzzard Point Community Health and Safety Study
(CHASS). (2016). Op. cit.

43National Heart Lung Blood Institute. Asthma care quick
reference: Diagnosing and managing asthma. 2011. <https://
www.nhlbi.nih.gov/files/docs/guidelines/asthma_qrg.pdf>. (Last
accessed on September 16, 2020).
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DISCUSSION

Health surveys

The CHASS report described health data at the zip
code level. Chronic lower respiratory diseases were
among the top 5 causes of death. Along with cardiovas-
cular diseases, cancer, and accidents, the zip code had a
slightly higher death rate for lung cancer. The zip code
had a higher prevalence of adult asthma than both DC
and the nation as a whole (Table 3), similar to rates in
Wards 4, 5, 7, and 8, where more low-income and
African Americans reside, and higher than Ward 3,
which has the highest income and a higher percentage of
Caucasians.

This study was motivated by community residents who
felt that the zip code level reporting of health outcomes
failed to capture their realities. While the health survey

data presented here may not be generalizable to the entire
CT064 census tract, a known limitation to community-
based research,44 Figure 3 illustrates how the survey
respondents include those more vulnerable. They repre-
sent a higher percentage of women, elderly people, not
currently married, and those without college degrees
compared with the census tract as a whole.

By focusing on the residents in the poorest and least
white census tract within the zip code, this study begins
to illustrate health disparities that were not as apparent in
the CHASS zip code level. While zip code 20024 and DC

FIG. 3. Demographics of survey
respondents (n = 97, black) compared
with data for CT064 as whole (gray).
Census tract data are from 2018 (5-
year average) found online. Some
fields are missing in the figure because
categorization of age and income dif-
fers between census data and survey
response data. Numbers of respon-
dents who gave a particular answer are
listed. Not shown are the numbers who
did not answer a question.

44Cheryl Merzel and Joanna D’Afflitti. ‘‘Reconsidering
Community-Based Health Promotion: Promise, Performance,
and Potential.’’ American Journal of Public Health 93 (2003):
557–574.
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had similar percentages of self-reported health as fair
or poor, as opposed to good or better, 12.8% in DC and
11.2% in zip code 20024,45 the percentage among survey
respondents was 40.2% (Fig. 3 and Table 1). While zip
code 20024 had a higher asthma rate compared with DC
(Table 3),46 42.3% of respondents reported an asthma
diagnosis. Compared with DC as a whole, respondents
also indicated adverse health outcomes at higher rates
(Table 1).

Health insurance coverage was similar for respondents
with the rest of DC, as 90.7% indicated health insurance
coverage, compared with 97% in DC overall.47 The
majority (84 out of 97) had at least one health care
provider and had been to a routine checkup within the
last year (76 out of 97). Cost was an obstacle for residents
obtaining health care. Almost a quarter (24 out of 97)
reported not seeing a doctor when needed because of
cost, on par with a national estimate of 1 in 4 Americans
in 2020.48 It follows that residents’ poor health compared
with other parts of DC is not caused by a lack of health

care. We acknowledge that health care is complex and
there are far more reasons that residents may experience
lack in health care such as limited transportation as an
example; however, our survey questions were limited to
the CDC BRFSS validated instrument.

Of the health indicators in Table 1, asthma prevalence
was significantly high. Many who did not indicate a
diagnosis of asthma discussed having respiratory symp-
toms consistent with asthma or chronic bronchitis. While
42.3% indicated having been diagnosed with asthma,

Table 1. Indicators of General Health for Survey Respondents in the Buzzard Point

Neighborhood Compared with Other Areas of District of Columbia

DC
Whites
in DC

African
Americans/Blacks

in DC
20024

zip code

Buzzard Point
neighborhood

survey

Self-reported health as fair or poor 12.8a NA NA 11.2a 40.2
Have health insurance 94.7b NA NA 90.7
Asthma: self-reported or self-reported as diagnosed 10.8a NA NA 12.7a 42.3
Ever told to have asthma 9.4b 5.9b 14.2b NA 42.3
Ever told to have a heart attack 2.7b 1.7b 4.3b NA 6.2
Ever told to have angina or coronary heart disease 1.9b 1.8b 2.6b NA 9.3
Ever told to have a stroke 3.2b 0.9b 6.0b NA 9.3
Ever told to have cancer 4.2b 5.2b 4.9b NA 10.3
Ever told to have COPD, emphysema,

chronic bronchitis
5.1b 2.5b 8.5b NA 27.8

Ever told to have some form of arthritis, gout,
lupus, fibromyalgia

14.3b 11.1b 21.2b NA 48.5

Ever told to have diabetes 7.5b 3.6b 13.1b NA 19.6

aSource: District of Columbia Department of Health, Office of Health Equity, ‘‘Buzzard Point Community Health and Safety
Study, (CHASS). 2016. <https://doh.dc.gov/sites/default/files/dc/sites/doh/page_content/attachments/Buzzard%20Point%20Commu
nity%20Health%20and%20Safety%20Study28CHASS%29%20August%202016.pdf>.

bSource: DC Department of Health, Behavioral Risk Factor Surveillance System Annual Report. 2017. <https://dchealth.dc.gov/
sites/default/files/dc/sites/doh/publication/attachments/BRFSS%202017%20Annual%20Report%20Final.pdf>.

COPD, chronic obstructive pulmonary disease; NA, not available.

FIG. 4. Range of ages at which surveyed residents with
asthma received their diagnoses, younger than age 20 for
59% and age 20 years and older for 41%.

45District of Columbia Department of Health, Office of Health
Equity. Buzzard Point Community Health and Safety Study
(CHASS). (2016). Op. cit.

46Ibid.
47DC Department of Health, Health Equity Report, Executive

Summary. 2018. <https://dchealth.dc.gov/sites/default/files/dc/
sites/doh/publication/attachments/HER%20Summary%20Report
%20FINAL%20with%20letter%20and%20table_02_08_2019
.pdf>. (Last accessed on September 12, 2020).

48The Henry J. Kaiser Family Foundation. ‘‘Uninsured and
Untreated, A Look at Uninsured Adults Who Received No
Medical Care for Two Years. The Henry J. Kaiser Family
Foundation, Medicaid and the Uninsured. July 2010. <https://
www.kff.org/health-reform/issue-brief/uninsured-and-untreated-
a-look-at-uninsured/>. (Last accessed on September 12, 2020).
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FIG. 6. Perceptions about
environmental hazards.

FIG. 5. Classification
of asthma severity for
those diagnosed with
asthma (left) and those
without a diagnosis but
reported experienc-
ing asthma symptoms
(right). A total of 63
survey respondents re-
ported asthma symp-
toms, out of the total of
97 who responded to
the survey.
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64.9% had either a diagnosis or symptoms of asthma.
Those meeting the NIH classification of intermittent
or more serious asthma comprised 55.7%. Individuals
whose responses would classify them as having severe or
persistent-moderate asthma included those who indicated
no asthma diagnosis. More than half of the participants
who self-disclosed having an asthma diagnosis were
diagnosed during childhood or adolescence, while a third
self-disclosed diagnosis as adults. Adult-onset asthma
is a common occurrence, affecting 235 million people
worldwide and causing 350,000 deaths each year.49

Asthma diagnosed later in life appears to be more severe
and progressive. Those who were diagnosed during
childhood or adolescence appear to have less severe
asthma, and remission is common.50 This work catego-
rized participant asthma based on the NIH guidelines;
however, we recognize that there are limitations in that
the small numbers should be viewed with caution. Still,
the data highlight that many participants have a long-
standing history of asthma, evolving from childhood,
which may demonstrate under normal circumstances a
mild asthma condition. The air pollution from traffic and
construction dust this community has faced may exac-
erbate asthma symptoms and increase the severity
and progression of their asthma condition.

The CHASS summarized resident concerns and stated
how, ‘‘Specifically, residents are concerned that their
‘already vulnerable community—home to many children,
seniors, and many residents with fragile health—will be
further threatened by the trucking of contaminated soil,
dust, construction traffic, noise, and other disturbances.’’’
Survey responses echo the quote, with air quality and
traffic pollution cited as particular environmental con-
cerns (Fig. 6). More than 50% of those surveyed,
regardless of whether or not they themselves had asthma,

felt that poor air quality affected their health or the health
of a family member or friend, which speaks to the per-
ception of poor neighborhood air quality.

Air quality

A surprising finding was that, by U.S. EPA standards,
neighborhood PM levels (Table 2) were not problematic.
Yet, PM may be contributing to the community’s high
levels of asthma, and community voices have consistently
expressed concern about poor air quality. The failure to
exceed U.S. EPA standards for PM, while residents con-
tinue to perceive poor air quality and health, highlights a
mismatch between current methodologies and community
perceptions that this study has the potential to inform.

A first possibility is that PM standards should be more
stringent, echoing recent studies that call for a closer
examination of U.S. EPA51 and WHO standards.52 Even
for individuals with exposures below the EPA threshold
for PM2.5, higher exposures correlated with higher rates
of hospitalization for respiratory and cardiovascular dis-
eases.53 Growing evidence about the health effects of
coarse PM (the fraction of PM10 larger than PM2.5) puts
particular attention on PM10 standards, which are in the
United States three times higher than for the WHO
(Table 2). Coarse PM can deposit in upper airways,54 and

Table 2. Neighborhood Particulate Matter Averages Compared with U.S. Environmental

Protection Agency and World Health Organization Limits

U.S. EPA (mg/m3)a WHO (mg/m3)b Neighborhood (mg/m3)c

PM2.5 24-hour average 35 25 21.8, 20.7, 18.7, 18.5, 17.3
PM2.5 annual average 12 10 7.9, 8.2, 7.2
PM10 24-hour average 150 50 66.0, 63.2, 56.6, 54.5, 53.5
PM10 annual average none 20 19.7, 20.0, 15.6

aSource: U.S. EPA, Particulate Matter (PM) Pollution. <https://www.epa.gov/pm-pollution/national-ambient-air-quality-
standards-naaqs-pm>

bSource: WHO, Air Quality Guidelines. <https://www.who.int/airpollution/publications/aqg2005/en/>
cFor 24-hour averages, listed values are the top five values over the monitoring period. Annual averages are for 7/26/16–17, 7/26/

17–18, and 7/26/18–19, respectively.
PM, particulate matter; U.S. EPA, U.S. Environmental Protection Agency; WHO, World Health Organization.

49Trivedi, Michelle, and Eve Denton. ‘‘Asthma in Children
and Adults—What Are the Differences and What Can They Tell
Us About Asthma?’’ Frontiers in Pediatrics 7 (2019): 256.

50Ibid.

51Maggie Makar, Joseph Antonelli, Qian Di, David Cutler,
Joel Schwartz, and Francesca Dominici. ‘‘Estimating the Causal
Effect of Low Levels of Fine Particulate Matter on Hospitali-
zation.’’ Epidemiology 28 (2017): 627–634.

52Alessandro Marcon, Giancarlo Pesce, Paolo Girardi,
Pierpaolo Marchetti, Gianstefano Blengio, Simona de Zolt
Sappadina, Salvatore Falcone, Guglielmo Frapporti, Francesca
Predicatori, and Roberto de Marco. ‘‘Association between PM10
Concentrations and School Absences in Proximity of a Cement
Plant in Northern Italy.’’ International Journal of Hygiene and
Environmental Health 217 (2014): 386–391.

53Makar. ‘‘Estimating the Causal Effect of Low Levels of
Fine Particulate Matter on Hospitalization.’’

54Corinne A. Keet, Joshua P. Keller, and Roger D. Peng.
‘‘Long-Term Coarse Particulate Matter Exposure Is Asso-
ciated with Asthma among Children in Medicaid.’’ American
Journal of Respiratory and Critical Care Medicine 197
(2018): 737–746.
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at high-enough concentrations, can penetrate to the
lungs.55 Evidence of coarse PM health effects is grow-
ing.56,57 In Taiwan, it was associated with increased
hospitalizations for respiratory disease, even after con-
trolling for other air pollutants.58 A national-level study
using Medicaid health data showed that long-term
exposure to coarse PM is associated with increased

asthma in children, with a stronger correlation for chil-
dren younger than 11 years.59 These outcomes may relate
to chemical composition. Dust from concrete batch plants
contains mostly calcium oxide and silica, with trace
quantities of metals such as strontium, manganese, and
chromium.60 Exposure to silica can lead to irreversible
lung disease, as documented in workers who break up
concrete using drilling devices.61 These studies indicate
how further work to inform new PM10 standards should
include consideration of chemical speciation.

FIG. 7. PM10 at the neighborhood monitor. Gray marks periods when monitoring did not occur. The top graph
shows 24-hour averages, and the dotted line marks the WHO level of concern, 50mg/m3. Averages did not exceed the
U.S. EPA 24-hour standard of 150mg/m3. The bottom two graphs show the frequency at which PM10 reached the
action level criterion, set at 15-minute rolling averages exceeding 100 mg/m3. The middle graph indicates the number
of minutes per day that the action level was exceeded. The bottom graph indicates the number of days per week that
had action level events. The asterisks indicate the two times that data were collected on July 4, when fireworks are
known to contribute to high PM. Sources for the WHO and U.S. EPA 24-hour averages: (https://www.who.int/
airpollution/publications/aqg2005/en/, https://www.epa.gov/criteria-air-pollutants/naaqs-table). U.S. EPA, U.S. En-
vironmental Protection Agency; WHO, World Health Organization.

55Morton Lippmann, Mitchell D. Cohen, and Lung-Chi Chen.
‘‘Health Effects of World Trade Center (WTC) Dust: An Un-
precedented Disaster with Inadequate Risk Management.’’ Cri-
tical Reviews in Toxicology 45 (2015): 492–530.

56Helen Powell, Jenna R. Krall, Yun Wang, Michelle L. Bell,
and Roger D. Peng. ‘‘Ambient Coarse Particulate Matter and
Hospital Admissions in the Medicare Cohort Air Pollution
Study, 1999–2010.’’ Environmental Health Perspectives 123
(2015): 1152–1158.

57Matthew J. Strickland. ‘‘Taking Another Look at Ambient
Coarse Particles.’’ American Journal of Respiratory and Critical
Care Medicine 197 (2018): 697–698.

58Meng-Hsuan Cheng, Hui-Fen Chiu, and Chun-Yuh Yang.
‘‘Coarse Particulate Air Pollution Associated with Increased
Risk of Hospital Admissions for Respiratory Diseases in a
Tropical City, Kaohsiung, Taiwan.’’ International Journal of
Environmental Research and Public Health 12 (2015): 13053–
13068.

59Keet et al. ‘‘Long-Term Coarse Particulate Matter Exposure
Is Associated with Asthma among Children in Medicaid.’’
(2018). Op. cit.

60California Air Resources Board. ‘‘PM Size and Chemical
Speciation Profile for Concrete Batching—PM3431.’’ October
22, 2013. <https://ww3.arb.ca.gov/ei/speciate/profilereference/
concretebatching_pm3431.pdf>. (Last accessed on July 3,
2020).

61Alan S. Echt, Wayne T. Sanderson, Kenneth R. Mead, H.
Amy Feng, Daniel R. Farwick, and Dawn Ramsey Farwick.
‘‘Effective Dust Control Systems on Concrete Dowel Drilling
Machinery.’’ Journal of Occupational and Environmental Hy-
giene 13 (2016): 718–724.
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A second possibility is that 24-hour and annual aver-
ages fail to capture residents’ lived experiences, and that
a higher time resolution is needed. A key finding from
this work is that 15-minute averages were able to de-
scribe the neighborhood’s poor air quality in a way that
annual averages did not. The analysis relied on the
action-level criterion for dust mitigation from the Audi
Field construction project, 15-minute rolling averages
above 100mg/m3 PM10. Counting these short-lived, high-
PM events revealed that patterns were obscured in
averages. In July 2016, such events occurred up to four
days a week (Fig. 7). By the end of the monitoring per-
iod, however, the frequency decreased. This decrease
was consistent with two changes. First, Superior Con-
crete underwent a new permitting process in late 2017,
and the old facility ceased operation on July 20, 2018.
Emissions from concrete batching plants are 27%–68%
PM10, depending on the activity and degree of dust
control,62 and only 6% PM2.5.63 The new facility was
subject to stricter dust controls, and the decrease in
emissions translated into lower PM10. Second, construc-
tion of Audi Field terminated at the end of July 2018.
Construction and demolition, along with roadways, are
more likely to generate coarse PM (PM10 that is larger
than PM2.5) than fine particles.64 Thus, an end to the
Audi Field construction project also translated to lower
PM10.

Our findings suggest that alternative methods of data
monitoring and analysis should address short-event,
high-PM exposures. Such exposures may overwhelm the
defensive mechanisms in the upper airway that normally
protect the respiratory tract from coarse particles. High

acute or chronic exposures to chemical irritants could
increase PM retention in the lungs. The ability of the
mucociliary defense system may be disrupted in these
circumstances.65 High, short-term coarse particle expo-
sures have been associated with increased morbidity and
mortality for respiratory illness.66 Acute exposure to
concentrated coarse particles in 2-hour intervals caused
mild cardiopulmonary effects in young-adult volunteer
test subjects.67 Thus, short-term, high-intensity expo-
sures, such as the ones at Buzzard Point during peak poor
air quality periods, may exacerbate the effect of exposure
to PM. One study has suggested that imposing 1-hour PM
standards rather than reducing 24-hour standards could
reduce exposure risk that comes from short-duration,
high-intensity events.68 Another study illustrated how
pollution hotspots experience transient peaks in PM10 on
the hourly scale, and pointed out the need for data
characterizing such peaks, to support epidemiological
studies that relate pollution to asthma and other dis-
eases.69 The 15-minute timescale used in the Audi
Field action level criterion indicates that even shorter

Table 3. Comparison of Adult Asthma Prevalence for Buzzard Point Compared

with Selected Wards in the District of Columbia

U.S.a Ward 3b Ward 4b Ward 5b Ward 6b Ward 7b Ward 8b
Zip code
20024c

Asthma prevalence 7.6% 9.7% 10.4% 14.0% 8.7% 23.7% 17.6% 12.7%

aSource: Centers for Disease Control and Prevention National Health Information Survey 2018. <https://ftp.cdc.gov/pub/
Health_Statistics/NCHS/NHIS/SHS/2018_SHS_Table_A-2.pdf>. (Last accessed on September 14, 2020).

bSource: District of Columbia Department of Health. Overview of Asthma in the District of Columbia, May 2016. Community
Health Administration, Asthma Control Program.

cSource: District of Columbia Department of Health, Office of Health Equity, ‘‘Buzzard Point Community Health and Safety
Study, (CHASS). 2016. <https://doh.dc.gov/sites/default/files/dc/sites/doh/page_content/attachments/Buzzard%20Point%20Commu
nity%20Health%20and%20Safety%20Study28CHASS%29%20August%202016.pdf>

62California Air Resources Board. ‘‘PM Size and Chemical
Speciation Profile for Concrete Batching—PM3431.’’(2013).
Op. cit.

63University of Texas at Austin School of Law Environmental
Clinic. ‘‘Guide to Air Quality Permitting for Concrete Batch
Plants.’’ 2018. <https://law.utexas.edu/wp-content/uploads/sites/
11/2019/01/2019-EC-ConcreteBatchPlantsGuide.pdf>. (Last
accessed on July 6, 2020).

64Lippmann et al. ‘‘Health Effects of World Trade Center
(WTC) Dust: An Unprecedented Disaster with Inadequate Risk
Management.’’ (2015). Op. cit.

65Ibid.
66Sara D. Adar, Paola A. Filigrana, Nicholas Clements, and

Jennifer L. Peel. ‘‘Ambient Coarse Particulate Matter and
Human Health: A Systematic Review and Meta-Analysis.’’
Current Environmental Health Reports 1 (2014): 258–
274.

67Donald W. Graff, Wayne E. Cascio, Ana Rappold,
Haibo Zhou, Yuh-Chin T. Huang, and Robert B. Devlin.
‘‘Exposure to Concentrated Coarse Air Pollution Particles
Causes Mild Cardiopulmonary Effects in Healthy Young
Adults.’’ Environmental Health Perspectives 117 (2009): 1089–
1094.

68Robert A. Michaels and Michael T. Kleinman. ‘‘Incidence
and Apparent Health Significance of Brief Airborne Particle
Excursions.’’ Aerosol Science and Technology 32 (2000): 93–
105.

69Teresa Moreno, Xavier Querol, Andres Alastuey, Mar
Viana, and W. Gibbons. ‘‘Profiling Transient Daytime Peaks in
Urban Air Pollutants: City Centre Traffic Hotspot versus Urban
Background Concentrations.’’ Journal of Environmental Mon-
itoring 11 (2009): 1535.
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timescales may be necessary, underscoring the impor-
tance of studies that characterize short-duration pollution
events.70,71,72,73,74

CONCLUSION

Community-based research informs both health and air
quality research, in this case by providing information
missed by conventional monitoring and data collection.
Community health surveys revealed neighborhood-level
discrepancies that had been obscured at a larger zip code
level. An important conclusion therefore is that asthma
may be underdiagnosed in the Buzzard Point neighbor-
hood, and relying on diagnoses may lead to underesti-
mating its prevalence in communities such as Buzzard
Point. This important finding underscores the value of
health data at a census-tract level, especially when there
are socioeconomic disparities within the larger zip code
level.

Neighborhood air quality data illustrated how time-
resolved measurements capture spikes in PM that are
obscured in averages. Further research to better establish
the links between asthma and air pollution will require
data collection on a high resolution in terms of both
location and time, to capture census-tract-level health
disparities and short-duration, high-pollution events that
may affect the community health.
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