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Disparities in Distribution of Particulate Matter
Emissions from US Coal-Fired Power Plants by
Race and Poverty Status After Accounting for
Reductions in Operations Between 2015 and 2017

Jennifer Richmond-Bryant, PhD, Thab Mikati, BS, Adam F. Benson, MPH, Thomas J. Luben, PhD, and Jason D. Sacks, MPH

Objectives. To investigate potential changes in burdens from coal-fired electricity-
generating units (EGUs) that emit fine particulate matter (PM; s, defined as matter with
a nominal mean aerodynamic diameter of <2.5 um) among racial/ethnic and economic
groups after reduction of operations in 92 US EGUs.

Methods. PM, s burdens calculated for EGUs listed in the 2008, 2011, and 2014
National Emissions Inventory were recalculated for 2017 after omitting emissions
from 92 EGUs. The combined influence of race/ethnicity and poverty on burden
estimates was characterized.

Results. Omission of 92 EGUs decreased PM, s burdens attributable to EGUs by 8.6%
for the entire population and to varying degrees for every population subgroup. Although
the burden decreased across all subgroups, the decline was not equitable. After omission
of the 92 EGUs, burdens were highest for the below-poverty and non-White subgroups.
Proportional disparities between White and non-White subgroups increased. In our
combined analysis, the burden was highest for the non-White—high-poverty subgroup.

Conclusions. Our results indicate that subgroups living in poverty experience the
greatest absolute burdens from EGUs. Changes as a result of EGU closures suggest
a shift in burden from White to non-White subgroups. Policymakers could use burden
analyses to jointly promote equity and reduce emissions. (Am J Public Health. 2020;110:
655-661. doi:10.2105/AJPH.2019.305558)

M arginalized communities may be at
increased risk for exposure to and

health effects of particulate matter with a
nominal mean aerodynamic diameter of
less than or equal to 2.5 micrometers (PM, 5)
emitted by industrial facilities. Communi-
ties of color and communities affected by
poverty are more likely to live near significant
sources of air pollution (e.g., industrial facil-
ities)! or in locations with elevated ambient
concentrations™> than are communities
made up mostly of non-Hispanic people

of White race (hereafter White). Recently,
Mikati et al.* found that the burden from
all PM, s-emitting facilities in close proximity
to an individual’s census block group cen-
troid was 89% higher among non-Hispanic
people of Black race (hereafter Black) than
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among White people. Similarly, the bur-

den among those below the poverty line was
47% higher than among those above the

poverty line. The public health ramifications
of PM, 5 exposure have been demonstrated
in several large-scale epidemiological studies
reporting relationships between both short- and

long-term PM, 5 exposures and mortality.” "'

Moreover, several studies have shown higher-
magnitude health effect associations for Black
and Hispanic populations than for White

12-15

populations and, in some cases, for pop-

ulations below the poverty line.'*"

Although air pollution reduction strate-
gies are designed to provide broad public
health benefits, these benefits are not always
distributed equitably. Gelobter'® examined
reductions in total suspended particulate
concentrations that were attributable to the
National Ambient Air Quality Standards
and stratified results from 1970 to 1984 by
race and income. He found that the largest
reductions consistently occurred among the
highest income group and those who were
White. However, this analysis was limited
to urban areas as a means of controlling for
confounding between race and urbanicity.
More recently, Nguyen and Marshall'” ob-
served that reductions in diesel particulate
matter sources designed to decrease disparities in
exposures across the population did not decrease
inequities in all locations, where inequity of
exposures was defined to mean the average
exposure among subgroups (e.g., race/ethnicity
or poverty/nonpoverty) would not be the same.

Coal-fired power plant emissions repre-
sent direct PM; 5 sources that present risks
to surrounding communities in terms of
both exposure to and potential health
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effects from PM, 5.'"® Henneman et al."”

combined National Emissions Inventory
(NEI) data for PM, 5 from coal-fired electricity-
generating units (EGU s) with the Hybrid
Single Particle Lagrangian Integrated Tra-
jectory dispersion model and the Community
Multiscale Air Quality Model to predict
population-weighted PM, 5 exposures.
PM, 5 exposures were predicted to be highest
in the Ohio Valley region, and the largest
decreases between 2005 and 2012 in PM, 5
exposures overall and exposures due to
coal-fired power plants were also found to
occur in that region.'” In 2014, roughly

13 000 deaths were reported to be attributable
to PM, 5 emitted by EGUs.' Monetary
costs of deaths in the United States attribut-
able to PM, 5 from coal-fired power plants
range from $30 000 to $150 000 per ton of
PM, 5 emitted.”*?

The costs and benefits of electricity gen-
erated by EGU s have been shown to be
inequitably distributed. Tessum et al.'®
calculated an inequity index to compare
source-specific PM, 5 exposure with PM, 5
attributed to consumption patterns among
Black, Hispanic, and White subgroups in
the United States. Their results indicated
inequities among the Black subgroup, which
was exposed to 43% more PM, 5 from
EGUs than produced via electricity con-
sumption. The Hispanic and White sub-
groups, respectively, were exposed to 12%
and 9% less PM, 5 from EGU_¢s than pro-
duced via electricity consumption.

Since 2014, 92 US EGU ¢ facilities have
retired operations of at least 1 unit.>>>> The
objective of this follow-up to Mikati et al.*
was to investigate how the burden from PM, s-
emitting EGUs has potentially changed
among racial/ethnic and poverty/nonpoverty
subgroups after EGU ¢ closures. We calculated
burdens as a result of fossil fuel combustion
according to race/ethnicity and poverty status
for 2008, 2011, and 2014 and estimated the
burden for 2017 by omitting coal-fired power
plants with retired operations from our ana-
lyses. We compared the 2017 burden with the
burdens calculated by randomly classifying
coal-fired power plants as closed to assess
whether actual closures may have been se-
lected in a nonrandom fashion. Finally, we
examined trends in burdens due to fossil fuel
combustion according to the combined in-
fluence of race/ethnicity and poverty status.

METHODS

The concept of “burden” regarding
emissions combines residential proximity to
emitting facilities with the magnitude of
emissions. This analysis extended the work
of Mikati et al.* by calculating the burden
of PM, 5 emitted from EGU s on race/
ethnicity and poverty/nonpoverty subgroups
and then investigating how the burden has
changed as a result of facilities retiring some
or all of their operations. The NEI does
not report unit-specific emissions within a
facility, so it was not possible to omit from our
analyses only those emissions attributable to
a single unit’s closure within a larger facil-
ity. Therefore, we assumed that the entire
facility was retired, knowing that burdens
may have been underestimated at locations
where only one unit was retired. Nation-
wide burdens were recomputed after re-
moval of retired facilities and compared with
burdens calculated for 2014 prior to facility
closures.

Data Sources

We accessed self-reported 2012 to 2016
population data from the American Com-
munity Survey (ACS) at the census block
group level *® Designated ACS race/ethnicity
subgroups included White and non-White,
which included all other races/ethnicities,
Hispanic persons, and Black persons. Simi-
larly, designated income subgroups included
those at or below the poverty line and those
above the poverty line. These subgroups were
compared with the total population.

The NEI database contains data for point,
nonpoint, on-road, nonroad, and event
sources submitted to the US Environmental
Protection Agency by local, state, and tribal
govemments.27 We selected stationary an-
thropogenic point source data for primary
PM, 5 emissions (tons per year) from each
fossil-fuel EGU reported to the NEI in 2008,
2011, and 2014 using the North American
Industry Classification System code for all
fossil fuels; a separate code specific to EGU s
was not available. Ninety-two EGU s with
retired coal-fired operations during 2015,
2016, and 2017 were identified in 32 states
across the nation by using data from the US
Energy Information Administration.>> %
Within these 92 facilities, 191 units were
permanently shut down.
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NEI PM, 5 emissions data for each source
in 2008, 2011, and 2014 were merged with
demographic data from the 2012 to 2016
version of the ACS at the census block group
level into a single data set as follows.”® The
location of each facility within the NEI was
given by latitude and longitude.”” A facility
was then assigned to block groups via the
“centroid containment” assignment method
described by Mikati et al.* and originally
presented by Boyce and Pastor,?® in which
a facility is assigned to any block groups
for which its centroid falls within 2.5 miles.
Mikati et al.* performed sensitivity testing
of the radius used for these calculations and
determined little difference when radii be-
tween 0.5 and 5.0 miles were tested. The
population counts for each subgroup were
assigned to each facility when a block group
was mapped to a facility.

Data Analysis

Burdens were calculated for each census
block group and then aggregated to the na-
tional scale following the procedure detailed
in Mikati et al.* Absolute burden (AB in
Equation 1) was defined as the population-
weighted average emissions in a block group:

>~ (Populationg X Emissionspc)

1 AB =
M >~ Populationpc

Absolute burden can be calculated for the
entire population or for a specific subgroup
(e.g., Black or above the poverty line). Pro-
portional burden (PB in Equation 2) was
defined as the ratio of absolute burden among
one subgroup to absolute burden among the
total population:

ABagroup

5 PBQ group  —
) subgroup AByya

A proportional burden greater than 1.0 sig-

nified that the subgroup had a higher absolute
burden than the total population. A score of
1.0 in every subgroup would indicate an equi-
table distribution of emissions.

Initially, 2008, 2011, and 2014 NEI data
were used to calculate PM, 5 absolute and
proportional burdens attributable to EGU s
for each subgroup. Next, to obtain the 2017
burden due to PM, 5 emissions from EGU s,
we omitted EGU s that retired operations
between 2015 and 2017%%7 from units listed
in the 2014 NEI when computing burdens
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as a result of PM, 5 emissions. We estimated
2017 absolute and proportional burdens by
omitting PM, 5 emissions associated with the 92
facilities where at least 1 unit had ceased op-
erations from our analysis of 2014 NEI data.

We conducted a sensitivity analysis in
which we compared burdens computed after
omitting the EGU ¢s that were retired with
burdens computed after removing EGU s
at random for each subgroup. Large differ-
ences between the burdens computed from
actual facility closures and from random
closures would indicate inequitable burdens
across the population. We conducted a
Monte Carlo analysis to assess whether bur-
dens calculated after omission of retired
EGU g differed from burdens calculated after
omission of 92 facilities at random from the
1881 NEI fossil fuel combustion facilities.
The simulations were repeated 1000 times.
Absolute and proportional burden means
and 95% confidence intervals (CIs) from
Monte Carlo analyses were plotted alongside
those from the full 2014 NEI and reduced
EGU.; analyses.

We explored the combined influence of
race/ethnicity and poverty status by com-
puting burdens for each subgroup before
and after the EGUs were retired and com-
paring the results for each subgroup with
those for the total population. It was not
possible to identify the numbers of ACS
participants fitting into different permutations
of race/ethnicity—poverty groupings at the
block group level.?® For this reason, we de-
veloped the following joint subgroupings:

¢ Non-White—poverty stratum: block
groups that are nationally in the top
quartile with respect to both non-White
population and individuals living below
the poverty line

* Non-White—nonpoverty stratum: block
groups that are nationally in the top
quartile with respect to both non-White
population and individuals living above
the poverty line

* White—poverty stratum: block groups that
are nationally in the top quartile with
respect to both White population and
individuals living below the poverty line

* White—nonpoverty stratum: block groups
that are nationally in the top quartile with
respect to both White population and
individuals living above the poverty line
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Absolute burdens were computed for each
of the block groups fitting the previously
mentioned criteria, and these burdens were
compared with those calculated from the
ACS population.”® We used R version 3.1.2
(R Foundation for Statistical Computing,
Vienna, Austria) in managing data and con-
ducting our analyses.

RESULTS

Among the 92 facilities with retired units,
most were located in the Midwest, including
a high concentration of facilities around the
Ohio River and the Great Lakes (Figure 1).
Eighteen percent of retired facilities were
located in block groups in which the pro-
portion of non-White individuals was greater
than in the US population overall. In com-
parison, 38% of the US population is non-
White according to the 2012 to 2016 ACS.*
Fifty-one percent of retired facilities were
located in block groups in which the propor-
tion of individuals living below the poverty
line was greater than in the US population,
whereas 15% of the US population lives
below the poverty line according to the
2012 to 2016 ACS results.

Omission of the 92 retired EGU s de-
creased the block group—level absolute burden
attributable to EGUs in the total population
by 8.6%, from 4.09 tons per year to 3.74
tons per year (Table A, available as a sup-
plement to the online version of this article
at http://www.ajph.org). The absolute bur-
den also fell for every subgroup after omission
of these facilities. The largest decrease in
absolute burden occurred in the White
subgroup (an 11% reduction, to 3.66 tons per
year). A smaller reduction was observed for
the non-White subgroup (5.0%, to 3.87 tons
per year). Within the non-White subgroup,
smaller reductions were observed for the
Hispanic (4.4%, to 3.49 tons per year) and
Black (6.6%, to 3.59 tons per year) subgroups.
However, the 2014 absolute burdens for these
subgroups were lower than those for the
White subgroup. Absolute burdens de-
creased for the above- and below-poverty
subgroups by 8.5% (to 3.67 tons per year)
and 8.8% (to 4.15 tons per year), respec-
tively. Consequently, the proportional
burden decreased slightly, by 2.4%, among
the White subgroup (to 0.98) while
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increasing among the non-White (3.9%,
to 1.03), Hispanic (4.5%, to 0.93), and
Black (2.2%, to 0.96) subgroups (Table B,
available as a supplement to the online ver-
sion of this article at http://www.ajph.org).
Changes in proportional burdens were
less than 1% for both the above-poverty
(to 0.98) and below-poverty (to 1.11)
subgroups.

Absolute and proportional burdens were
compared through Monte Carlo simulations
of random facility closures (Figure 2). After
omission of the 92 retired EGU s (among
1880 total facilities), the absolute burden for
the overall population was below the average
absolute burden predicted from the Monte
Carlo simulations. The absolute burdens
for the White and Black subgroups and for
both income subgroups also fell below the
average absolute burden from the simulations.
Monte Carlo subgroup-level changes in
absolute burden often led to greater disparities
in proportional burdens among subgroups.
Proportional burdens were above the up-
per 95% CI in the Monte Carlo analysis for
the non-White subgroup, close to the up-
per 95% CI for the Hispanic subgroup, and
below the lower 95% CI for the White
subgroup. Results among poverty subgroups
showed fewer differences from the Monte
Carlo simulations.

Stratified analyses revealed patterns in
how EGU closures would influence bur-
dens among populations living close to the
facilities (Figure 3 and Table C, available as
a supplement to the online version of this
article at http://www.ajph.org). Absolute
burdens were 2.69 tons per year for block
groups in the White—nonpoverty stratum
and 3.88 tons per year for block groups in
the White—poverty stratum. For these strata,
retirement of EGU s resulted in an 18% to
33% reduction in absolute burden from 2014
to 2017 and a 70% to 72% reduction from
2008 to 2017. The absolute burden was 3.12
tons per year for block groups in the non-
‘White—nonpoverty stratum. Notably, the
absolute burden was lower for both the Black—
nonpoverty and Hispanic-nonpoverty strata
than for the non-White—nonpoverty stratum.
For block groups in the non-White—poverty
stratum, the absolute burden was 4.03 tons per
year after closure of the EGUs. These closures
resulted in a 1.4% to 4.2% reduction in the
absolute burden from 2014 to 2017 and a 52%
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line (outer circle) compared to the entire
United States.
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Note. Close-ups are provided for areas with numerous plants in Indiana, Ohio, and parts of Illinois, Michigan, Pennsylvania, Kentucky, West Virginia, and Virginia (A)
and for parts of Nebraska, Kansas, lowa, and Missouri (B). Each circle represents 3 pieces of information. The size of the outer circle (shown below the map) is related to
the fine particulate matter (PM2.5) emissions of each facility on a log scale. The color of the inner circle (given by the color bar below the map) represents the ratio
between the percentage of non-White people assigned to the facility via the centroid containment method and the overall percentage of non-White people in the United
States (38%). The color of the outer circle represents the ratio between the percentage of people living below the poverty line assigned to the facility via centroid
containment and the overall percentage of people in the United States living below the poverty line (15%). For both race/ethnicity and poverty, a ratio of 1 (shown in white)
means that the population matches the overall composition of the US population. Only the continental United States is shown because no facilities were retired in

Alaska or Hawaii during the study period.

FIGURE 1—Spatial Distribution of Coal-Fired Electricity-Generating Units That Were Retired Between 2015 and 2017: United States

to 74% reduction from 2008 to 2017 for
non-White subgroups. The absolute burden
was nearly identical for the non-White—
poverty and Hispanic—poverty strata, especially
during 2011 to 2017. However, for the
Black—poverty stratum, the burden decreased
from 13.40 tons per year in 2008 to 4.84 tons
per year in 2017, a 64% reduction. From 2014

to 2017, closures resulted in a 6% reduction in
the absolute burden.

DISCUSSION

The overall reduction in the absolute
PM, 5 burden attributable to fossil fuel

658 Research Peer Reviewed Richmond-Bryant et al.

emissions for the entire US population
(Figure 2) suggests that reduced EGU ¢
operations benefit every segment of the
population by reducing premature mortality
attributable to PM, 5.~ Still, changes in
absolute burdens for each subgroup suggest
that reductions have been greater among
those living above the poverty line and among
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Note. PM, s = fine particulate matter. Absolute burdens from coal-fired electricity-generating units (EGUs) in 2014 data (squares) and burdens calculated after omission of
emissions from 92 EGUs that retired operations between 2015 and 2017 (solid circles) are displayed in comparison with mean burdens from a Monte Carlo analysis in
which 92 facilities were omitted at random (open circles). Also shown are 95% confidence intervals for the Monte Carlo simulations (gray boxes bounded by black lines).

Source. US Environmental Protection Agency27 and US Census Bureau.?®

FIGURE 2—Comparison at the Average Block

up Level for the Total Population and for Race/Ethnicity and Poverty Strata of Nationwide

(a) Proportional and (b) Absolute PM, 5 Burdens (

White individuals, although the reductions
observed were not significantly different from
the cases in which facilities were retired at
random (Figure 1). In the nationwide analysis,
the difference in absolute burden was largest
for the below- and above-poverty subgroups,
and that difference did not change between
2014 and 2017. Disparities between pro-
portional burdens in below- and above-
poverty subgroups were unchanged, with
a 13% higher proportional burden for the
below-poverty subgroup in both 2014 and
2017. Mikati et al.* and Mohai et al." also
observed higher burdens for all PM, 5 sources
among those below the poverty line com-
pared with those above the poverty line.
Without regard to poverty status, the
White subgroup was estimated to have
benefited more from reduced EGU ¢ oper-
ations than the non-White subgroup, with
the absolute burden well below the central
estimate for the Monte Carlo analysis. This
finding is consistent with the results of other
studies examining the role of race and eth-
nicity in disproportionate exposure to envi-

1,2,4,29

ronmental hazards. However, absolute
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burdens for the Black and Hispanic subgroups
attributable to fossil fuel combustion were
lower than the absolute burden for the White
subgroup in 2014 and continued to be lower
after retirement of EGU s. Part of the reason
for the difference between the non—White
subgroup and the Black and Hispanic sub-
groups may be that the non-White category
also encompassed Asian, American Indian/
Alaska Native, Native Hawaiian and Other
Pacific Islander, and other racial groups (in
total, these subgroups accounted for 22% of
the non-White subgroup). The other races
subgroup could have included individuals of
2 or more races as well as nonrespondents,
adding uncertainty to the absolute burden
estimates for the Black and Hispanic sub-
groups. It was surprising that the Black
subgroup did not account for a larger share of
the absolute burden given that this subgroup
was found by Tessum et al.'® to have the
largest exposure to PM; 5 from EGU s
emissions.

Relative to the absolute burden calcula-
tions, a comparison of the 2017 proportional
burden estimates with the Monte Carlo

Richmond-Bryant et al.

s per Year per Capita) Attributable to Fossil Fuels: United States, 2012-2016

analysis suggests that the closures might not
have been random but instead were influ-
enced by communities’ racial makeup, with
the non-White subgroup potentially bearing
an increased PM, 5 burden. The 2017 pro-
portional burden was found to fall below
the 95% CI of the Monte Carlo analysis

for the White subgroup. At the same time,
the proportional burden increased beyond
the 95% CI of the Monte Carlo analysis

for the non-White subgroup and almost
increased beyond the 95% CI for the His-
panic subgroup. The proportional burden
increased slightly for the Black subgroup but
not beyond the Monte Carlo 95% CI. The
proportional burden for 2014 emissions data
was less than 1% lower for the non-White
subgroup than for the White subgroup. Con-
versely, the burden was nearly 6% higher for
the non-White subgroup after omission of’
EGU s with reduced operations. Such in-
creases in proportional burden suggest that
the burden of EGU ¢related PM, 5 emissions
may be shifting toward non-White sub-
groups. As differences between proportional
burdens in the White subgroup and each
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omitting from our analysis coal-fired electricity-generating units that retired operations between 2015 and 2017.

FIGURE 3—Trends in Absolute Burdens due to PM, ; Emitted by Fossil Fuels: United States, 2008-2017

non-White subgroup increased with reduc-
tions in EGU,¢ operations, inequities in
burdens appeared to grow.

The stratified analyses shed further light
on changes in absolute burdens based jointly
on race/ethnicity and poverty status. Unsur-
prisingly, burdens were greater in the poverty
strata than the nonpoverty strata regardless of
race, although disparities in PM, 5 absolute
burdens both within and between the poverty
strata and the nonpoverty strata diminished
over the 9-year period. The higher absolute
burden for the Black—poverty stratum than for
the White—poverty, non-White—poverty, and
Hispanic—poverty strata indicates that the
Black—poverty stratum assumed a greater share
of the burden after the 92 EGU s were re-
moved from the analysis. This was not evident
in the Monte Carlo simulations, because the
data were not broken down by both race/
ethnicity and poverty status. Differences
among the non-White—poverty, Hispanic—
poverty, and White—poverty strata’s absolute
burdens were small in 2017 and therefore
should not be overinterpreted in the absence
of data from future years.

Our findings suggest that place-based
characteristics such as demographic commu-
nity makeup are important determinants of

burden. The White subgroup had a higher
absolute burden than did the Black subgroup
within the non-White—nonpoverty stratum
and a higher absolute burden than did the
Hispanic subgroup within the non-White—
poverty stratum. Likewise, the Black sub-
group had the lowest absolute burden of any
subgroup within the Black—poverty stratum,
although that stratum had the highest abso-
lute burden among the race/ethnicity—
poverty strata investigated. Mikati et al.*
investigated absolute burdens from all US
PM, 5 emissions for different rural-urban
commuting area classifications and found
similar levels of absolute burden among most
race/ethnicity and poverty subgroupings
within these classifications but dissimilarities
among the classifications themselves. These
findings support the conclusion that those
living in non-White or impoverished com-
munities are at higher risk, regardless of in-
dividual characteristics.

Limitations and Strengths

A limitation of this study is that when
EGU,ss appeared in Energy Information
Administration reports, we assumed that their
operations were fully retired. It is likely that
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some facilities continued operations at a re-
duced level. If so, the reductions in absolute
burden described here would have been
overestimated, and the 2017 absolute burden
values would have been underestimated. The
true absolute burden values estimated for
2017 on the basis of EGU ¢ retirements
would be somewhere between the bur-
dens computed with the 2014 NEI data
and the values presented for 2017. In ad-
dition, the NEI data were coded according
to the North American Industry Classifica-
tion System, which groups all fossil fuels
together (i.e., coal, petroleum coke, pe-
troleum liquids, natural gas). Therefore,
comparisons of absolute burden from 2008,
2011, and 2014 may have been inflated,
and the percentage reductions in absolute
burden may have been underestimated
relative to an analysis drawing only from
EGU,ss. However, given that EGU s and
petroleum-fueled EGUs have been largely
supplanted by cleaner-burning and cheaper
natural gas generators, the error in absolute
burden would be anticipated as small.*® A
strength of our study is its insight into the
interaction of race/ethnicity and poverty with
absolute burden, particularly in the context of
US utilities replacing coal with natural gas.>
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Public Health Implications

Our results suggest that state and local
policymakers responsible for implementation
of air quality management under the Clean
Air Act should consider place-based charac-
teristics in a wider strategy to effect decisions
that jointly promote equity and reduce PM, 5
emissions. For example, the Government
Code of the State of California was amended
in 2016 to require that local planners identify
policies seeking to improve environmental
quality in communities that have experienced
disproportionate impacts of environmental
pollution.”" Local planners in California can
comply with this code in part by using our
burden analysis technique as a basis for rec-
ommending which EGU s should be pri-
oritized for emissions reductions to determine
scenarios that reduce inequities in the burden
due to EGU ¢-related PM, 5 emissions before
policies are implemented. More generally,
policymakers can stratify emissions burdens
by the socioeconomic and demographic
characteristics of geographically defined
communities to allow comparisons of dif-
ferent scenarios. This type of detailed analysis
can then provide a data-driven foundation™
for local policymakers to hold discussions that
engage affected community members and
environmental justice organizations to make
equitable decisions with regard to air pollu-
tion sources. AJPH
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