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Abstract
The U.S. Centers for Disease Control and Prevention has recently acknowledged that the principal mode for SARS-
CoV-2 (the virus that causes COVID-19) to spread is through airborne particles. Reducing levels of particulate matter,
a form of air pollutant, may decrease the spread of the virus and save lives. In this article, we propose establishing
local Air Quality Enhancement Districts using low-cost air quality sensors. Air quality sensors provide more detailed
data on particulate matter concentrations than what is currently provided by the U.S. Environmental Protection
Agency, which will allow communities and individuals to make better informed decisions about activities during poor
air quality days. The core principles behind local Air Quality Enhancement Districts is to (1) provide citizens with
more localized data on air quality, (2) raise awareness on localized pollution and health impacts related to COVID-19,
and (3) empower citizens and local governments to take quick actions to reduce exposure and respiratory distress
during times of poor air quality.
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On October 5, 2020, The U.S. Centers for Disease Control
and Prevention (U.S. CDC) has officially acknowledged
that the principal mode for SARS-CoV-2 (the virus that
causes COVID-19) to spread is through airborne particu-
late matter (droplet and particles) (U.S. CDC 2020).
Preliminary research on COVID-19 (e.g., Comunian et al.
2020; Liu et al. 2020; Mehmood et al. 2020; Wu et al.
2020) has also found that patients in areas with higher
levels of fine air particulates, known as PM2.5, are more
likely to die from a COVID-19 infection than patients in
areas with cleaner air quality. The COVID-19 virus causes
respiratory illnesses that can lead to acute respiratory dis-
tress syndrome, which in some cases requires a ventilator
for survival, and may cause permanent lung damage (Cox
2020). Therefore, it is possible that COVID-19 will result
in an increased number of individuals who are sensitive to

poor air quality. Though the Trump administration
engineered drastic rollbacks of environmental regulations,
even in the midst of the COVID-19 pandemic, future steps
may be needed to (1) equip individuals with better infor-
mation about local air quality on poor air quality days, and
(2) empower communities to modify activities and advo-
cate air quality concerns in the short and long term to
reduce exposure to air pollution.

In this article, we use a multi-disciplinary approach,
drawing from the fields of environmental health and en-
gineering, as well as public administration and policy, to
explain the link between COVID-19 and air quality and to
propose a community-engaged solution. We propose spe-
cific ways in which low-cost air quality sensors and local
air quality enhancement districts can improve our current
regulatory structure and tools to protect public health dur-
ing the pandemic and afterwards. We hope this informa-
tion leads to collaborative deployment of sensors and net-
works in areas hardest hit by COVID-19 that are also
more commonly exposed to poor air quality, including
environmental justice communities. Following models
from parallel structures, we describe the technology and
management design to quickly implement air quality pro-
tective actions, and possibly save lives.
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Air quality and COVID-19

Link between air quality and COVID-19

PM2.5 refers to particulate matter with aerodynamic diameter
equal or less than 2.5 micrometers, consisting of a complex
mixture of both solid and liquid droplets suspended in the air.
Tiny particles of these sizes are more likely to penetrate deep
inside lungs and have the potential to cause significant adverse
health effects, including difficulty breathing, heart-attacks, ag-
gravated asthma, decreased lung function, and premature
death (Wu et al. 2020; Wang et al. 2020). In 2015 alone,
exposure to PM2.5 is believed responsible for approximately
8.9 million premature deaths worldwide, with 213,000 prema-
ture deaths in the USA and Canada alone (Burnett et al. 2018).

PM2.5 is a complex pollutant because it can come in many
different sizes and shapes, and can consist of hundreds of
chemical species. Some of the PM2.5 components can be at-
tributed to direct emissions (such as construction and road
dusts, power plants, biomass burning and motor-vehicles),
while others may be formed through chemical reactions oc-
curring in the air. The toxicity of PM2.5 can also vary depend-
ing on its chemical composition, with vehicle exhausts and
fire emissions found to be more harmful than others (Park
et al. 2018). While the underlying biological mechanism on
how PM2.5 adversely impacts heath is still a topic of investi-
gation, PM2.5 can trigger acute respiratory inflammation, dam-
age human airways and weaken immune response, all of
which may facilitate viral infections (Comunian et al. 2020;
Lodovici and Bigagli 2011; Mehmood et al. 2020).

Recently, an increasing amount of research has suggested a
statistical link between death or serious illness from COVID-
19 in areas with higher levels of outdoor PM2.5 concentrations
(Comunian et al. 2020; Conticini et al. 2020; Fattorini and
Regoli 2020; Mehmood et al. 2020; Wu et al. 2020; Yao
et al. 2020; Zhu et al. 2020; Zoran et al. 2020). Similar find-
ings were reported during the SARS outbreak, which was also
caused by a coronavirus. Cui et al. (2003) found that SARS
patients from highly polluted regions in China were twice as
likely to die from SARS compared with patients from relative-
ly clean regions. In the USA, race and socio-economic status
are highly correlated with exposure to harmful air pollution.
Already, it is being reported that African Americans are more
likely to die from COVID-19, with disproportionately higher
death rates in the USA (Holmes et al. 2020), and states like
Illinois, Louisiana, Michigan, and Florida (Wolfe 2020;
Santich 2020). While there are numerous factors that contrib-
ute to this, such as access to healthcare and higher rates of
front-line and service-industry jobs, many African Americans
live in urban areas with poorer air quality. Studies show
African Americans have higher rates of asthma, lung, and
heart disease (Miranda et al. 2011), which are associated with
higher death rates from COVID-19 (Wu et al. 2020).

Air quality and regulations in the USA

Air quality in the USA continues to improve across the coun-
try, with significantly fewer areas designated as out of com-
pliance with current ambient air quality standards.While there
is much debate about how well these standards reflect the
current state of science to protect public health (Heikkinen
2018; Wang et al. 2020; Parker 2016), there has been a steady
improvement in air quality for most pollutants across the
country, including PM2.5 (U.S. EPA 2019).

The Air Quality Index (AQI) is an index for reporting daily
air quality based on federally approved air quality monitors,
with a focus on health impacts (U.S. EPA 2020). The AQI
identifies different air quality categories with related health
impacts, ranging from “good” with no health impacts expect-
ed to “very unhealthy” which recommends limiting or
completely avoiding all outdoor activities based on health
sensitivity. In 2019, approximately 26% of counties with a
regulatory air quality monitor experienced at least one day
where air quality was unhealthy for sensitive groups including
people with heart or lung disease, older adults, and children.

Due to COVID-19’s long-lasting impact on lungs and re-
spiratory health (Cox 2020), the size of this sensitive group
may grow considerably, particularly in areas hardest hit by
COVID-19. Since many of these areas are already predisposed
to lower air quality, this situation exacerbates the need for
quick responses to poor air quality days. These areas are
scattered throughout the USA, but are commonly located in
high population corridors, such as the New York City–
Philadelphia–Washington, DC area, and cities such as
Atlanta, Houston, and Denver.

Notably, air quality has improved inmost parts of the coun-
try since stay-at-home orders have been put in place. There
have been significant decreases in PM2.5 and ozone, two of the
main pollutants that affect human health, since mid-March, by
as much as 30% in some areas such as the West Coast before
the 2020 wildfires (Freedman and Tierney 2020). The drastic
improvement in air quality most likely stems from reduced
vehicular travel, but more research needs to be done to mea-
sure this impact while controlling for other factors such as
changes in the weather. The implication, though, is that gov-
ernments can put into place localized restrictions or recom-
mend residents stay-at-home to reduce the impact of a danger-
ous air quality forecast for hardest hit COVID-19 areas with a
high at-risk population for respiratory distress.

Despite these improvements, the Trump Administration
rolled back over 95 environmental regulations from 2017–
2020, many of these directly or indirectly affecting air quality
(Popovich et al. 2019). In March and April 2020, during the
COVID-19 pandemic, the U.S. EPA rolled back vehicle emis-
sions standards that directly impact PM2.5, and announced
plans to leave the current National Ambient Air Quality
Standard for PM2.5 at the 2012 threshold after scientists
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recommended tightening it to be more reflective of the current
state of knowledge regarding PM2.5 impact on human health
(Reilly 2020; Heikkinen 2018). Studies show increased risk of
premature death from fine particle pollution at levels much
lower than the current PM2.5 standards, and conclude that
there is no threshold level without health risks (Wang et al.
2020).

As has been the case in other elements of COVID-19 re-
sponse, state and local agencies play an important role in
protecting and prioritizing public health, especially when the
federal response is slow and poorly coordinated. If the trends
in relaxing federal air quality regulations continue, more lo-
calized networks better attuned to community needs will be
needed to improve local air quality. For example, using the
same reduction in death rates and PM2.5 concentration data
from the Harvard study (Wu et al. 2020), we find that a 1
microgram per cubic meter reduction in long-term PM2.5 av-
eraged over 2000–2016 in NewYork City (approximately 8%
reduction in PM2.5 concentrations) could have saved 1915
lives that were lost to COVID-19 as of October 20, 2020
(NYSDH 2020). This could bring the death rate from
COVID-19 cases down from the current rate of 9.2% to
8.4% in New York City.

Recommendations

To achieve the kinds of PM2.5 reductions described in the
previous section that could have saved approximately 2,000
or more lives in New York City, and that can save lives in the
event of future respiratory infections, we recommend a mon-
umental, but not unprecedented, governance innovation.
Specifically, we recommend the creation of federally funded
Air Quality Enhancement Districts (AQED) in high-risk
neighborhoods and communities throughout the United
States. In this section, we outline the model of AQEDs, in-
cluding parallel structures designed for other policy aims. We
also outline the specific technologies—low-cost air quality
sensors—required to implement AQEDs successfully.

Core principles and outcomes AQEDs

Three core principles and outcomes guide the enactment of
AQEDs. These are both principles and outcomes simulta-
neously, in that they are the foundation of a transformed local
governance regime and the results that can occur so long as
commitment to the same principles is not corrupted or manip-
ulated by local political or commercial interests.

The first principle is democratization of air quality data
and empowerment of residents to use the data. A phrase that
captures the essence of this idea emerged during the apartheid
years in South Africa and has more recently been adopted for
use by anti-poverty campaigners in parts of England (Bryer

and Prysmakova-Rivera 2018): Nothing without us about us is
for us. The meaning of this phrase is at once simple and com-
plex. It is complex in that it raises a host of issues, such as the
meaning and enactment of democratic accountability, repre-
sentation, and empowerment.

Applied to air quality and the notion of AQEDs, the logic is
the same. Scientific and regulatory experts can use their sci-
entifically engineered instruments to assess air quality at given
places and times, make a judgement if the assessed air quality
is safe for various levels of activity based on further scientific
and medical judgement, and communicate to a passive citi-
zenry with recommendations for a range of daily activities,
such as opening home windows, running the air conditioner,
or exercising outdoors.

The approach suggested by the phrase—nothing without us
about us is for us—challenges core assumptions of the expert
model. For example, consider these scenarios:

& Residents in a neighborhood enjoy coming together for a
community cookout in the local park. The City or local
construction firms under contract plan infrastructure im-
provements that will cause an increase in air pollution.
Citizens, aware of the coming spike in pollutants, work
with City officials to schedule these at times not important
for the neighborhood.

& Residents in a neighborhood have access to local air qual-
ity data every day, and they learn, over time, the changes
in air quality that come with different weather conditions.
They have more ability to plan events and activities for
themselves, their families, and with their neighbors.

& Residents detect prolonged periods of higher than normal
air pollution. They have access to the data they need to
share with each other and with government officials to
determine the source andmitigate the pollution in the short
and long term.

In short, nothing without residents, particularly in urban
environments, about the air breathed by residents, is done
for the residents themselves. Policy actions might be taken
based on scientific data, but the actions might be slow in
coming and non-responsive to actual resident and
neighborhood needs and interests. The underlying
philosophy of this first principle is consistent with those
values expressed by Agyeman (2005) in his book,
Sustainable Communities and Challenges of Environmental
Justice. Agyeman introduces both deliberative and inclusion-
ary processes and procedures (DIPS) and community-based
social marketing (CBSM) as means to ownership of environ-
mental health to community members.

The second principle is resident awareness of pollution
within their neighborhoods, and vulnerability to disease.
Through access to data and the ability to use data on air qual-
ity, residents can further, in this model, increase their
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knowledge of how pollution leads to higher risk for other
health issues, with particular concern for respiratory ailments.
Education of residents is further fodder that can instigate cit-
izen action once they are properly armed with data (Conrad
and Hilchey 2011; Riesch and Potter 2014).

The continuous involvement of residents through edu-
cation and data collection, and ultimately to the third el-
ement stated next, are fundamentally the ingredients of
participatory action research and engaged scholarship.
These principles are consistent with the tenets of the
Johns Hopkins Urban Health Institution community-
based participatory research model (Agyeman 2005) and
specifically are grounded in the assumption that particu-
larly low-income, less educated residents that predominate
environmental justice communities are more likely to be
disempowered and manipulated through standard gover-
nance practices. Empowerment through education and
embedded as active citizen-scientists changes the power
and thus policy-making dynamics within communities
(Freire 1968).

The first two elements combine to facilitate the third, policy
change driven by residents with local governments (Mathews
2019) who are empowered and mobilized through data and
awareness. Policy change occurs through multiple pathways,
such as those described in Kingdon’s multiple streams frame-
work (1984). At the heart of the framework is the idea of a
policy window; something has happened, a focusing event, that
draws attention to a problem to be fixed or opportunity to be
leveraged. Coronavirus and the pandemic are focusing events,
but so too can be prolonged heightened measures of air pollu-
tion. Once residents are equipped with the data, knowledge of
how to use the data, and awareness of the health consequences
of poor air quality, new solutions can be pushed through the
window. Empowerment of the citizenry is critical for the win-
dow to open and remain opened, particularly if poor air quality
is localized and not likely to catch the attention of a wide dis-
persion of residents. Policy change that occurs to enhance air
quality at any given period of time can save lives in the event of
a significant health risk, such a coronavirus, in the future.

The AQED approach further allows for proactive,
community-driven policy change, which is more likely to lead
to sustainable and just environmental outcomes for historical-
ly underserved communities. Reactive policy changes might
mitigate harms, but they fail to empower residents and
policymakers to design spaces and systems that prevent envi-
ronmental hazards from emerging at all (Agyeman 2005).

Sensor networks as backbone of AQEDs

Understanding the status of current air quality is crucial for air
quality management. Currently, concentrations of important
pollutants including PM2.5 are measured at stationary monitor
networks using designated instruments that usually cost tens

of thousands US dollars, and are expensive to operate and
maintain (Hall et al. 2014). Due to the cost restrictions, the
number of stations is limited, though pollution concentrations
are known to vary drastically spatially (Karner et al. 2010).

The emerging low-cost air quality sensor is enabling a par-
adigm shift in the field of air quality monitoring (Snyder et al.
2013; Jiao et al. 2016). These sensors are generally easy to
use, require minimum maintenance, and can provide data in
near real-time. Due to their low cost, these sensors can be
quickly deployed to establish a smart and connected network
to characterize spatiotemporally resolved pollutant concentra-
tions (Yi et al. 2015; Jiao et al. 2016). As a relatively new and
still fast-evolving technology, the performances of low-cost
air sensors vary considerably among models and are also im-
pacted by environmental conditions such as temperature and
humidity (Duvall et al. 2016). An active area of research is to
develop methods for correcting sensor data, which we are
currently working on using innovative modeling methods
for remote calibration of sensors to improve sensor reliability
(Miskell et al. 2019; Zheng et al. 2019).

Despite these shortcomings, the easy-to-use and low-
maintenance features of low-cost sensors enable genuine pub-
lic participation in air quality monitoring, where affected or
concerned communities and stakeholders can be involved
throughout the entire process, such as monitor location selec-
tion, deployment, data collection and dissemination (English
et al. 2017). Such a community-engaged and stakeholder-
involved approach not only addresses the needs of the general
public related to air quality, but it also provides new avenues
for public education, advances citizen science, and contributes
to sustainable social development (Conrad and Hilchey 2011;
Riesch and Potter 2014). However, areas that pursue AQEDs
will need to consider how to cover the costs of the network,
and best methods of education on sensor network use for the
community.

As commercial air quality sensors have becomemore avail-
able, the US EPA has developed new tools and information to
help air quality managers and the public better understand
how they work and how to use them. There is also an interest
in using air quality sensors to measure pollutant concentra-
tions in localized areas with known air quality issues, or help
identify where federal air quality monitors might be needed.
The US EPA and other local air quality management agencies,
such as the California Air Resources Board, are currently
using sensors for exploratory research and supplemental mon-
itoring (U.S. EPA 2020; CARB 2020).

Parallel structures

The AQED model has historical and contemporary parallels.
First is the Air Quality Management District (AQMD), or Air
Quality Compliance District. These are instituted to ensure
local air quality is in alignment with federal standards and
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are used throughout the USA. The AQMD approach is expert-
based and does not include a natural driver to empower resi-
dents who can meaningfully engage in dialogue and advocacy
to enhance air quality, including and beyond the point of com-
pliance. Second, there are a number of community air moni-
toring systems using low-cost sensors, mostly located in
California, that have received strong support from the State
of California’s Air Resources Board (CARB 2020) that more
closely resemble our approach. While each of these in
California and elsewhere vary to some degree on the level of
community involvement, community collaboration is a key
feature of the network. However, we suggest a program with
stronger federal support and funding to protect the long-term
sustainability of these projects, especially as state and local
areas grapple with serious budget shortfalls due to the
COVID19 crisis.

Conclusion

Air quality enhancement districts with low-cost air quality sen-
sors can provide important information for citizens tomake better
health-based decisions during and after the COVID-19 pandem-
ic, especially in environmental justice communities. Since
COVID-19 has been linked to higher mortality rates and causes
permanent lung damage in some survivors, local air quality will
be increasingly important in communities hardest hit by COVID-
19. These urban, poor, or underrepresented communities tend to
have higher levels of air pollution and exposure due to industry,
traffic, wildfires, construction, or other sources that may not be
well measured by our existing federal air quality monitoring
network. Usingmore highly distributed and accessible air quality
sensors in an equitably designed AQED will empower citizens
and communities to make better health-based decisions to miti-
gate further damage from COVID-19.
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