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EXECUTIVE SUMMARY

Consider these facts:

+ Oil and gas production sites are a major contributor
to air pollution.

+ Chronic exposure to air pollution worsens serious health
conditions, including asthma, COPD, and lung cancer;
premature birth, birth defects, and developmental
delays; heart disease, obesity, kidney disease, liver
dysfunction, and type 2 diabetes.

* Pre-existing diseases or medical conditions increase the
risk of hospitalization or death in patients diagnosed
with COVID-19.

Given these facts, this report asks an important question:
Does exposure to air pollution from oil and gas
extraction and processing increase rates of infection
and death from COVID-19?

We examined five counties in Colorado and five in New
Mexico, each with significant oil and gas operations, and
made the following initial observations.

Colorado:

The number of COVID-19 cases was higher than expected in
three counties and lower than expected in two. The number
of cases was disproportionately high among people aged
20-29 years and Hispanics. More COVID-19 deaths were
observed than expected in Adams, Broomfield, and Weld

Counties - counties that experienced high levels of oil and

gas development in 2020.

New Mexico:

The number of COVID-19 cases was higher than expected
in three counties and lower than expected in two.
Disproportionately high levels of cases were observed
among people aged 20-49 years and Native Americans.
Higher numbers of deaths from COVID-19 than expected
were found in one county and lower than expected in four.
Adjustment for age and/or race would likely modify these
results, but age and race distributions for COVID-19 deaths
are not publicly available in New Mexico.

Recommendations:

* As oil and gas operations add to the cumulative air
pollution burden, take all available steps to reduce
pollution from these sources.

+ Because oil and gas pollutant emissions can
be controlled, focus efforts on reducing those
emissions, whether from leaks, flaring, blowdowns
and other deliberate releases, or other causes.

+ Our study was an initial inquiry into impacts of oil
and gas pollution on COVID-19 and did not generate
definitive answers. Rather, this report constitutes
only a first step in that inquiry. Further research
is needed.
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Dangerous

Combination

AIR POLLUTION
AND COVID-19:

Air pollution and COVID-19 are a dangerous and
potentially deadly combination.

On March 11, 2020, the World Health Organization
declared COVID-19 a global pandemic. Two days later,
the President of the United States issued a national
state of emergency declaration. Since then, the novel
coronavirus has infected millions around the world
and killed more than 400,000 Americans.’

This report explores the potential for exposure to air
pollution from oil and gas operations in two Mountain
West states to exacerbate infections and deaths due
to COVID-19.

Air Pollution Harms Health

Chronic (continued or repeated) exposure to air
pollution worsens many serious health conditions
and in fact causes some. Decades of research link

air pollution with a multitude of cradle-to-grave
adverse health impacts including complications of
pregnancy and poor birth outcomes, birth defects and
childhood developmental delays.? Breathing polluted
air is an important cause of chronic obstructive
pulmonary disease (COPD) in adults and of asthma

in both children and adults. It is associated with the
exacerbation of asthma and COPD and heart disease,
and fine particulate matter can cause lung cancer.?
People suffering from mental health conditions are
adversely impacted in communities degraded by air
pollution.* In all, according to estimates from the
World Health Organization, more than four million
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people worldwide die prematurely as a result of exposure to
ambient (outdoor) air pollution.®

Air pollutants harm the body via several mechanisms. Fine
particulate matter and other air toxics are known to injure the
hair-like cilia that line the respiratory tract and act as first-line
defenders to remove harmful microorganisms. Inflammation
and cellular damage from pollution hamper the immune
system charged with protecting the body from invading
organisms like coronavirus. When these natural defenses are
impaired, infections from respiratory viruses like coronavirus
are more likely to occur. Likewise, severe complications and
higher death rates from respiratory infections are expected.®

Long-term exposure to air
pollution is also associated

with the development of
obesity and its related health
complications of hypertension,
kidney disease, liver dysfunction,
and type 2 diabetes. These
so-called “comorbidities,” or
simultaneously existing diseases
or medical conditions, are
known to increase the risk of
poor outcomes in patients
diagnosed with COVID-19.”

Air Pollution Exacerbates
COVID-19

Coronavirus is a respiratory

virus that initially gains access

into cells lining the airway.

The virus replicates inside the

cell before injuring or killing

it, and then moves on to other cells, causing more damage.
Symptomatic individuals with COVID-19 typically complain
of respiratory symptoms: nasal congestion, cough, and
shortness of breath. In addition, fever or chills, headache,
fatigue and muscle aches are commonly reported.?
Neurological symptoms, including loss of smell and taste, and
problems with cognition (“COVID-19 Fog"), are not unusual.’

Severe damage to the respiratory tract in patients with
COVID-19, in combination with lungs already damaged from

breathing polluted air, creates an increased risk factor for
poor health outcomes. Early in the pandemic, researchers
studying the regional impact of COVID-19 in Northern Italy's
Po Valley noted that “the highest number of COVID-19 cases
were recorded in the most polluted regions with patients
presenting with more severe forms of the disease requiring
ICU admission.” Mortality was two times higher compared to
other regions in Italy."® In China, a study examined short-
term exposure to air pollution and found “a significant
relationship between air pollution and COVID-19 infection,”
with positive associations seen with large and small particle
pollution (PM10 and PM2.5), nitrogen dioxide, and ground-
level ozone."

In the United States, recent
research from the Harvard T.H.
Chan School of Public Health
indicates that exposure to

even small increases in long-
term fine particle pollution

(PM 2.5) is associated with an
increase in the death rate from
COVID-19. The researchers
underscored the importance of
enforcing existing regulations
that limit air pollution in order
to protect public health during
(and after) the pandemic.’
Another study from the Georgia
State University Andrew Young
School of Policy Studies also
found a relationship between
PM 2.5 exposure and disease
and death from COVID-19."

Chronic exposure to air
pollution and high rates of COVID-19 disproportionally affect
Black people, Native Americans, and Latinx people.™In
large measure this reflects discriminatory housing patterns:
Poor people and minorities are more likely to live in heavily
polluted communities. People living near fixed sources of air
pollution (factories and power plants) and mobile sources
(highways, shipping lanes, airports) experience greater
health impacts from pollution. We now know that this same
population is experiencing higher numbers of COVID-19
infections, clinical complications, and deaths."” These
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facts should concern all Americans, not just those living in
environmental justice communities bearing the burden of
industrial and fossil fuel pollution in their neighborhoods.

These preliminary findings shouldn’t be surprising. As the
COVID-19 public health crisis continues to unfold across the
United States and around the world, the association of air
pollution and poor clinical outcomes from novel coronavirus
infections is becoming increasingly apparent.

Gas and Oil Operations Are a Major Source of
Air Pollution

Communities in proximity

to oil and gas operations —
extractive processes with
significant downstream impacts
— may also be at increased risk
for health impacts from air
pollution and COVID-19.

The boom in oil and gas
extraction resulting from
innovations in hydraulic
fracturing and horizontal
drilling technologies has
brought the industrial activities
associated with this extraction
closer to more people than ever
before.'® Nationwide, more
than 17 million people live
within one mile of at least one
oil or gas well."” Encroachment
of oil and gas extraction sites
into residential communities
leaves a large and lasting
source of air pollution.

Every stage of oil and gas extraction activities has been
associated with the emission of air pollutants. Air pollutants
are emitted from extracted oil and gas, produced water, drill
cuttings, drilling muds, hydraulic fracturing fluids, and flares,
as well as from the diesel engines used to power trucks, drill
rigs, and hydraulic fracturing equipment. These air pollutants
include fine particulate matter and hazardous air pollutants,
as well as nitrogen oxide and volatile organic compounds.'"

Nitrogen oxides combine with volatile organic compounds

in the presence of sunlight and heat to form ground-level
0zone, a potent air pollutant that stunts the growth of
children’s lungs, damages lung tissue, and reduces every
person’s lung function, making it harder for adults with COPD
and children with asthma to breathe.?

Oil and gas operations are a major contributor to

regional ozone pollution in Colorado.?” Human health

risk assessments in Colorado indicate increased risks of

respiratory effects for people living nearest to oil and gas

extraction sites.?> 2324 EPA scientists estimate that fine

particulate matter and ozone-related premature deaths
attributable to oil and gas
extraction activities will reach
1,970 per year in the United
States, with the population in
Colorado’s Denver Julesburg
Basin and New Mexico's
Permian Basin experiencing
some of the highest rates.
Additionally, nitrogen oxide,
volatile organic compounds,
fine particulate matter, and
hazardous air pollutants
emissions are especially
abundant at compressor
stations, which keep oil and gas
flowing through long-distance
pipelines.?

We now know that oil and
gas extraction activities
(fracking) contaminate the
air we all depend on and
may make people sick. The
impacts of fracking on human health are well-documented
in the “Compendium of Scientific, Medical, and Media
Findings Demonstrating the Risks and Harms of Fracking
(Unconventional Gas and Oil Extraction),” published in 2019
by Physicians for Social Responsibility and Concerned Health
Professionals of New York. (New York State has successfully
banned fracking.) That report, which summarizes more than
1,700 peer-reviewed studies and investigative reports, found
“no evidence that fracking can operate without threatening
public health.”
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Air Pollution and Coronavirus: A Dangerous Combination

Itis clear that all around the United States, Americans suffer
chronic disease and early death from breathing air pollution.
Equally clear is that those living in proximity and inhaling the
chemical pollution produced at every point of oil and gas
operations are also at higher risk of experiencing adverse
health impacts. The impairment of respiratory tract defenses
and reduced lung function arising from long-term exposure
to air pollution increase the risk of contracting coronavirus
and developing complications from it, especially in people
suffering from chronic medical conditions.

known as the standardized incidence ratio (or SIR) and the
standardized mortality ratio (or SMR), respectively. The
methods we used are detailed on the next page. Because
COVID-19 incidence and mortality vary by age and race/
ethnicity as an indicator of vulnerability to COVID-19
exposure (see Figures, pages 9-12), we adjusted the SIRs
and SMRs for age and race. The data sources we used were
publicly available for county-level and state-level data on
population, demography, and COVID-19 rates.

This report examines the possibility

Table 1: Population Counts and 2020 Oil and Natural Gas Produced in Colorado and New Mexico Counties

that the invisible particles and County Population

Count

Oil Produced as of Natural Gas Produced as from Jan Basin
August 2020 (Barrels) | through August 2020 (million cubic feet)

vapors coming from oil and gas Colorado (total population = 5,761,907)

Adams County 517,440

2,094,665 18,079,608 Denver Julesburg

production sites, by increasing the
Broomfield County and City | 70,799

557,218 5,540,822 Denver Julesburg

pollution burden on the respiratory 60,103

Garfield County

25,473,457 262,245,138 Piceance

La Plata County 56,353

19,983,872 146,431,864 San Juan

system of local residents, increases

Weld County 323,252

99,304,230 627,958,864 Denver Julesburg

their vulnerability to the novel

New Mexico (total population = 2,101,730)

Eddy County 58,162

coronavirus. If this is the case,

82,786,314 426,887,164 Permian

Lea County 70,832

101,837,823 334,538,149 Permian

they are a dangerous and deadly

Rio Arriba County 39,118

619,071 152,208,968 San Juan

Sandoval County 145,153

combination.

1,443,077 6,537,294 San Juan

San Juan County 128,046

2,568,798 220,047,734 San Juan

Methodology

Our goal in reviewing the currently available evidence on
COVID-19 is to determine if Colorado and New Mexico
populations living in areas with active oil and gas production
sites may be at a higher risk for COVID-19 transmission,
morbidity (disease) and mortality (death). One element of
our review was to determine if Colorado and New Mexico
counties with active oil and gas production sites were
experiencing more COVID-19 cases and deaths than would
be expected, based on state-level rates. The results of this
initial ecological analysis could then generate hypotheses for
future studies.

We selected five counties in Colorado and five in New
Mexico to study (Table 1); they include the top three oil- and
gas-producing counties in each state and counties in the
major oil- and gas-producing basins in each state. For each

county, we used a standardized ratio method to compare the

cumulative number of COVID-19 cases and deaths observed
to the cumulative number of COVID cases and deaths that
would be expected if state-wide rates prevailed. These are

AIR POLLUTION-COVID REPORT |7



Description of Methodology

We obtained data on observed cumulative COVID-19 cases and deaths in the selected counties, as well as in Colorado

and New Mexico statewide, as of October 12, 2020 from USAFacts (https://usafacts.org/visualizations/coronavirus-
covid-19-spread-map/). Using 2019 Colorado state and county population estimates from the Colorado Health

Information Dataset (https //cohealthviz. dphe state.co. us/t/HeaIthlnformatlcsPubI|cIV|ewleoHIDLandmgPage

and 2018 New Mexico state and county population estimates from New Mexico's Indicator-Based Information System
(https://ibis.health.state.nm.us/), we then calculated the expected number of COVID cases and deaths in each county
using these equations:

Expected Cases in County = (County population x Observed
Number of COVID cases in state) divided by State population

Expected Deaths in County = (County population x Observed
Number of COVID-19 deaths in state) divided by State
population

Next, we calculated standardized incidence ratios (SIR) and
standardized mortality ratios (SMR) by dividing the observed
number of cases and deaths in each county, respectively, by
the expected number of cases and deaths.

SIR = observed number of COVID-19 cases divided by
expected number of COVID-19 cases.

SMR = observed number of COVID-19 death divided by
expected number of COVID-19 deaths.

If the SIR or SMR is greater than one, that indicates that more
COVID-19 cases or deaths, respectively, were observed in the
county than would be expected based on state-wide rates.
If the SIR or SMR is less than one, fewer COVID-19 cases or
deaths, respectively, were observed in the county than would

be expected based on state-wide rates.

We separately adjusted the SIRs and SMRs for age and race
using the age and race distribution of COVID-19 reported

by each state (https://covid19.colorado.gov/data, https://

cvprovider.nmhealth.org/public-dashboard.html). These
distributions were not publicly available for COVID-19 deaths

in New Mexico. We calculated 95% confidence intervals
(ClI) for the SCR and SMR. Death counts of less than 10 are
suppressed in figures and tables.
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Colorado Results

Cases of COVID-19: In the five Colorado counties with
active oil and gas production sites, the number of observe
cumulative cases was higher than expected in three of the
counties and lower than expected
in two (Figure 1). People aged
20-29 years and Hispanics in
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[ Figure 1 |

of COVID-19 vulnerable groups.
Although impacts were minor,
adjusting these results for race impacted the estimated

number of expected cases more than adjusting for age.

As shown in Table 2, race-adjusted SIRs in Adams, Garfield,

and Weld counties exceeded one,
indicating higher-than-expected

numbers of cumulative COVID-19 Figure 2
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Table 2: i CovID-19 Ratios for Colorado
Counties with Active Oil and Gas Production?
County | SIR(95%Cl) SIR (95% Cl) SIR (95% C)
Adjusted for Age | Adjusted for Race
Adams 1.52(1.49,1.56) | 1.54 (1.51,1.56) | 1.35(1.33,1.38)
Broomfield | 0.77(0.71,0.82) | 0.76 (0.71,0.82) | 0.92 (0.85,0.98)
Garfield | 1.23(1.16,1.31) | 1.26 (1.18,1.34) | 1.25(1.18,1.33)
LaPlata 0.39(0.35,0.43) | 0.40(0.35,0.44) | 0.45 (0.40, 0.50)
Weld 1.17(1.13,1.19) | 142 (1.38,1.45) | 1.13 (1.09, 1.16)

ClI = confidence interval, SIR = Standardized Incidence Ratio

1Compared to Colorado population

AIR POLLUTION-COVID REPORT | 9



Colorado Results [continued]

Deaths from COVID-19: Interestingly, the number of
observed cumulative deaths was higher than expected in

the three Colorado counties - Adams, Broomfield, and Weld

- located in the Denver Julesburg basin, in the northeastern

quadrant of the state, and lower than
expected in the counties in the Piceance
and San Juan Basins (Figure 4). In
Colorado, people 70 years and older
were experiencing a disproportionately
greater COVID-19 mortality rate.

Adjustment for age impacted the
estimated number of expected deaths
more than adjustment for race. As
shown in Table 3, age-adjusted SMRs

Obarraed and kxpeeted Deaths fram 1001014 0n Calamds Countles with Active CIL and Gas Pradiuesian

artonrilvey

Figure 4 ‘

for Adams, Broomfield, and Weld counties exceeded one,

indicating that the cumulative number of deaths from
COVID-19 was higher than expected. Those SMRs are 1.69

(95%Cl 1.48, 1.91), 1.31 (0.89, 1.74), and
1.48 (95% Cl 1.25, 1.72). In LaPlata and
Garfield counties, age-adjusted SMRs
are 0.09 (0,0.21) and 0.26 (0.03, 0.48);
those rates, which are less than one,
indicate that there were fewer deaths
from COVID-19 than expected.

e
; 1y 1%
i
- 1
<aw
Hmm - I
Cbars

traar it
u e vy

mlaavees Lovtw Sduare e sy

Table 3: Standardized COVID-19 Mortality Ratios for Colorado Counties with

Active Oil and Gas Production?

County SMR (95% Cl) | SMR (95% Cl) SMR (95% CI) Adjusted
Adjusted for Age for Race

Weld 1.29 (1.09, 1.49) | 1.48 (1.25, 1.72) 1.30(1.09, 1.50)

Garfield 0.23(0.03, 0.43) | 0.26 (0.03, 0.48) 0.23(0.03, 0.43)

Broomfield | 1.42 (0.97,1.88) | 1.31(0.89, 1.74) 1.47 (1.00, 1.95)

LaPlata 0.10 (0, 0.23) 0.09 (0, 0.21) 0.10 (0, 0.24)

Adams 1.27(1.11, 1.43) | 1.69 (1.48, 1.91) 1.25(1.09, 1.41)

ClI = Confidence Interval SMR = Standardized Mortality Ratio

1Compared to Colorado population
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New Mexico Results

Cases of COVID-19: In the five New Mexico counties with

active oil and gas production sites, the number of observed

cumulative COVID-19 cases was also higher than expected in

three counties and lower than expected in two
(Figure 5). In New Mexico, people aged 20-49
years and Native Americans were experiencing
a disproportionately greater incidence of
COVID-19 (Figures 6 and 7).

Adjustment for race impacted the number

of estimated expected cases more than
adjustment for age, particularsly in San Juan
County which has a large Native American
population. As shown in Table 4, race-adjusted
SIRs for Lea, Eddy, and San Juan counties are
1.64 (95% CI1.56, 1.71), 1.45 (95% CI 1.36.

1.54) and 1.13 (95%CI 1.10, 1.17). These SIRs
are greater than one and indicate higher than
expected numbers of cumulative COVID-19
cases. In Rio Arriba and Sandoval counties,
race-adjusted SIRs are 0.51 (95% Cl 0.46, 0.56)
and 0.66 (0.63, 0.70). These SIRs are less than
one and indicate lower than expected numbers
of cumulative COVID-19 cases. >>
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Distribution of Race/Ethnicity for New Mexico
l Figure 7
San Juan
sandoval -
Rio Arriba
Lea -
Eddy .
New Mexico -
Cases
25% 50% 75% 100%
Hl White - Non Hispanic M Hispanic, All Races
M American Indian or Alaska Native Asian
M Black or African American M unknown
Table 4: COVID-19 Incid: Ratios for New Mexico Counties
with Active Oil and Gas Productiont
County SIR (95% Cl) SIR (95% CI) SIR (95% Cl) Adjusted
Adjusted for Age for Race
SanlJuan | 1.71(1.65,1.77) | 1.66 (1.60, 1.71) 1.13(1.10, 1.17)
Eddy 1.13(1.06, 1.20) | 1.09 (1.02, 1.16) 1.45(1.36, 1.54)
Lea 1.47 (1.40, 1.54) | 1.41 (1.34, 1.48) 1.64 (1.56, 1.71)
Rio Arriba | 0.68 (0.62, 0.75) | 0.68 (0.62, 0.75) 0.51 (0.46, 0.56)
Sandoval | 0.67 (0.63,0.70) | 0.65 (0.62, 0.69) 0.66 (0.63, 0.70)

Cl = Confidence Interval SIR = Standardized Incidence Ratio

1Compared to New Mexico population
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New Mexico Results [continued]

Deaths from COVID-19: In New Mexico, the number of
observed cumulative deaths was higher than expected in
only one county and lower than expected in four counties
(Figure 8). It is likely that adjustment

for age and/or race would modify

these results. However age a nd race Obcxreed and Expectad Dxaths from DOWVID 19 Ir Mawe Mezleo Couatlas with azeles OIland Gas
: ! “ Froducran
distributions for COVID-19 deaths are i
not publicly available in New Mexico. As z.,
shown in Table 5, the unadjusted SMR i
for San Juan County is 3.62 (95%Cl 3.12, E .
4.12). The unadjusted SMRs for Eddy, o= . S . . .
- 1© = B
Lea, Rio Arriba, and Sandoval counties e B L —
whs ' Satala Seiwan e .
are 0.63 (95%Cl 0.32, 0.94), 0.91 (95%Cl o
0.57, 1.24), 0.82 (95%Cl 0.39, 1.25), and [Figure 8 |
0.68 (95% Cl 0.48, 0.88).
Table 5: Standardized COVID-19 Mortality Ratios for
New Mexico Counties with Active Oil and Gas Production?
County SMR (95% Cl)
San Juan 3.62(3.12,4.12)
Eddy 0.63 (0.32, 0.94)
Lea 0.91(0.57, 1.24)
Rio Arriba 0.82(0.39, 1.25)
Sandoval 0.68 (0.48, 0.88)
SMR = Standardized Mortality Ratio
1Compared to New Mexico population, data for age and race adj 1t not publicly
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DISCUSSION OF FINDINGS

These results indicate that the cumulative number of
COVID-19 cases and deaths are higher than would be
expected in some counties with active oil and gas production
sites, but not in others. While these results are inconclusive,
the observation that more COVID-19 deaths were observed
than expected in the three Colorado counties located

in the Denver Julesburg Basin could support hypothesis
generation for further study. Those three counties - Adams,
Broomfield, and Weld - experienced the bulk of the oil and
gas development that occurred in Colorado in 2020. The
potential for exposure to air pollutants associated with

oil and gas development is highest while the well site is
being developed and extraction is taking place (e.g. drilling,
hydraulic fracturing, and flowback).?°3°

Oil and gas production sites are a major contributor to air
pollution®' and, as is observed above, emerging studies
indicate that exposure to air pollution could increase
COVID-19 morbidity and mortality. However, it is not possible
in this type of study to isolate the role in COVID-related
morbidity and mortality of air pollution from oil and gas
sites, relative to other major sources of air pollution. Other
major air pollution sources in the counties we evaluated

“0il and gas production sites are
a major contributor to air pollution
and, as is observed above, emerging

studies indicate that exposure to air

pullution cmflp_inc_rease coviD-19
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include wildfires and traffic. For example, numerous

hazardous air quality alerts due to particulate matter in

wildfire smoke were issued in Garfield, Adams, Broomfield,
and Weld counties in the summer and fall of 2020. Traffic is
a significant source of both particulate matter and nitrogen

dioxide emissions.

Additionally, many factors other than air pollution exposure
could influence the transmission and/or severity of
COVID-19 in these counties, including compliance with
COVID-19 restrictions (e.g. social distancing and mask-
wearing) and prevalence of co-morbidities such as asthma,
diabetes, and obesity, as well as proportions of high-

risk essential worker and residential populations, such

as meat-packing workers, prisoners, and nursing home
residents. Further investigations using individual-level data
on COVID-19 morbidity and mortality and exposures to air
pollution from each of these sources would be necessary
to determine if air pollution from oil and gas production
sites were exacerbating COVID-19. Additionally, co-
morbidities, age, vulnerability to COVID-19 exposure, and
other individual characteristics would need to be included
in future studies.
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CONCLUSIONS AND RECOMMENDATIONS

This study asks whether living in an area with active oil and
gas extraction operations increases a person’s risk of getting,
or dying from, COVID-19. The question is an important

one, yet this study does not pretend to generate definitive
answers. Rather, it constitutes only a first step in that inquiry,
one that generates hypotheses that we hope will be pursued
in future research.

Based on the data that we reviewed, it is unclear whether

oil and gas operations are affecting COVID-19 transmission,
morbidity, and mortality in Colorado and New Mexico. That
being said, evidence is emerging that air pollution increases
the risk of getting a respiratory virus like COVID-19 and of
experiencing a bad outcome, such as hospitalization or
death. For that reason, reducing all sources of air pollution is
a good strategy in protecting people from COVID-19. To that

end we offer the following recommendations:

* As oil and gas operations add to the cumulative air
pollution burden in an airshed, all available steps

should be taken to reduce pollution from
those sources.

Unlike some other air pollution sources, like wildfires,
oil and gas pollutant emissions are something that can
be controlled in the relatively short term. This makes
it appropriate to focus efforts on reducing those
emissions, whether they derive from leaks, flaring,
blowdowns and other deliberate releases, or other
causes related to oil and gas operations.

Further research should be pursued to isolate and
quantify the role played by oil and gas operations

in contributing to nearby residents’ vulnerability to
disease and deaths associated with COVID-19. We
suggest that individual-level data on COVID-19 exposure,
morbidity and mortality as well as co-morbidities, age,
and other individual characteristics be among the
questions to be explored.
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