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Executive Summary  

 

Particulate matter that is less than 2.5 micrometers in diameter, known as PM2.5, is among the 

most damaging air pollutants to human health. The peer-reviewed literature shows that exposure 

to PM2.5 can lead to cardiovascular and respiratory diseases and premature mortality. Ongoing oil 

and gas (O&G) activity in the Permian Basin region of New Mexico and Texas is a known 

source of PM2.5 pollution through emissions of precursor pollutants. Against this backdrop, there 

are clear challenges and opportunities for addressing the public health impacts and associated 

economic damages of PM2.5 from the Permian Basin O&G sector, including opportunities to 

better understand the scale and scope of the PM2.5 problem in this region. 

 

In this white paper, we undertake a four-phase study of PM2.5 pollution from O&G activity in the 

Permian Basin. Phase 1 undertakes a location-specific analysis of O&G emissions of PM2.5 

precursors (VOC, NOX, SO2, and primary PM2.5), including an investigation of emissions trends 

over time. Phase 2 investigates spatial and temporal trends in total ambient PM2.5 pollution 

concentrations in the Permian Basin region to provide context for how the O&G sector has 

affected pollution levels in the area. Phase 3 uses an attribution analysis to connect O&G 

precursor emissions to PM2.5 concentrations, allowing us to identify the contribution of the O&G 

sector to PM2.5 in the Permian Basin and in regions beyond. Finally, Phase 4 estimates the human 

health impacts and associated dollar-denominated damages of PM2.5 attributable to Permian 

Basin O&G emissions.  

 

Three key findings emerge: 

 

1. Emissions from O&G activity contribute, on average, 27.5% of PM2.5 concentrations in 

the Permian Basin, over 2011-2017. We find that VOC emissions from O&G activity are 

the largest source of PM2.5 precursor emissions, primarily from oil well tanks. 

2. In 2017, the most recent year of data available, we estimate that, nationwide, 638 

premature deaths were associated with PM2.5 from the Permian Basin O&G sector. The 

majority of these deaths occurred outside of the Permian Basin, indicating that O&G 

activity is impacting human health in both local and distant communities. 

3. Nationwide, the total premature mortality damages of Permian Basin O&G-sourced 

PM2.5 were $6.57 billion (in 2022 inflation-adjusted dollars) in 2017. We estimate that 

for each $1 in revenue generated from the sale of oil and gas in the Permian Basin in 

2017, $0.11 in damages were created nationwide from premature mortality associated 

with PM2.5 from O&G activity in the basin. 

 

Given concerns about the PM2.5 pollution impacts of O&G activity in the Permian Basin, this 

work provides a rigorous assessment of the magnitude and scale of the problem, for the first 

time. Considerations of the human health impacts and economic damages of PM2.5, including the 
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sources and types of emissions of primary concern, are important factors that should influence 

how the Permian Basin states of New Mexico and Texas approach regulations and policies aimed 

at mitigating the harms from O&G activity. We offer this white paper as evidence-based 

admissible information for ongoing air pollution policy discussions in the Permian Basin. 
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1. Introduction  

 

Particulate matter with a diameter of less than 2.5 micrometers, known as PM2.5, is a significant 

contributor to air pollution problems in the Permian Basin, and beyond. Covering over 81,000 

square miles in southeast New Mexico (NM) and west Texas (TX), the Permian Basin is a major 

oil and gas producing region in the United States (US) (The County Information Program, Texas 

Association of Counties, 2020; US Census Bureau, 2021). For context, as of September 2022, 

the Permian Basin produced the majority (~66%) of all crude oil drilled for in the US, making it 

the single largest oil producing area in the country (US EIA, 2022a).  

 

The Permian Basin includes 55 counties in NM and TX (Figure 1) and these counties have a 

combined 2020 population of approximately 1.39 million people. The area shown in gray in 

Figure 1 constitutes the primary study region for this white paper, covering the extent of the 

basin and several small and mid-sized cities, such as Lubbock and Midland (in TX) and Roswell 

and Carlsbad (in NM).  

 

As both a direct and indirect by-product of oil and gas (O&G) activity in the Permian Basin, 

PM2.5 is created. Sources of ground-level PM2.5 in the Permian include windblown mineral dust 

and soils from extractive activities, fossil fuel combustion from vehicles, machinery, and other 

equipment, gas flaring, as well as secondary emissions from atmospheric chemical reactions of 

pollutant precursors such as nitrous oxides (NOX), sulfur dioxide (SO2), and volatile organic 

compounds (VOC). Exposure to PM2.5 is associated with asthma exacerbation, decreased lung 

function, nonfatal heart attacks, respiratory diseases, and premature mortality (US EPA, 2022a). 

With recent and substantial growth in O&G activity in the Permian Basin since 2012, there are 

questions about its impacts on PM2.5 pollution in New Mexico, Texas, and beyond, including 

impacts to human health and associated economic damages of PM2.5 exposure. 

 

The objective of this analysis is to estimate the health impacts and associated monetary damages 

from PM2.5 pollution in the Permian Basin over 2011-2017 using various data sources from the 

US Environmental Protection Agency (US EPA) and the expert literature in this area. The 

analysis includes four components. First, we identify PM2.5 precursor emission trends from O&G 

activity in the Permian Basin using choropleth maps, including an investigation of sources and 

locations. Second, we investigate spatial and temporal trends in total PM2.5 concentrations in the 

region, from all sources, including O&G. Third, we perform an attribution analysis and calculate 

ground-level PM2.5 concentrations due to Permian Basin O&G activity for the entire US. As will 

be shown in the analysis, prevailing wind and weather patterns indicate that multiple US states, 

outside of NM and TX, are impacted by PM2.5 emissions from the Permian Basin. Fourth, we use 

concentration-response functions and attribution data on PM2.5 concentrations to estimate the 

human health impacts and economic damages (focusing on premature mortality) associated with 

Permian Basin generated PM2.5 pollution.  
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Figure 1: Permian Basin counties and major cities in New Mexico and Texas. 

 

Following this approach, several key findings emerge:  

 

1. Emissions from the Permian Basin O&G sector account for 27.5% of PM2.5 

concentrations in the basin, on average, over 2011-2017. We find that VOC emissions are 

the primary driver of this PM2.5, with the single largest O&G source of VOC being leaks 

from oil well tanks.  

2. Even including the impact of the O&G sector, total PM2.5 concentrations in the Permian 

Basin are below both US national and southwest US regional averages. This is likely due 

to low background sources of PM2.5, unrelated to O&G activity. These results suggest 

that the Permian Basin is not a PM2.5 pollution spatial outlier and is therefore not 

currently a significant area of concern with regards to compliance with the National 

Ambient Air Quality Standards (NAAQS) for PM2.5 set by the US EPA. 

3. In 2017, we estimate that, nationwide, 638 premature deaths were associated with PM2.5 

from the Permian Basin O&G sector. Out of the nationwide total, 212 deaths (33%) 

occurred in the Permian Basin while 426 deaths (67%) occurred outside of the basin, in 

other parts of Texas and New Mexico, but also in neighboring states and beyond. These 
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results suggest that Permian Basin O&G activity is having significant human health 

impacts on both local and distant communities.  

4. Nearly 50% of total nationwide premature deaths due to Permian Basin O&G-sourced 

PM2.5 occurred in Texas, in 2017. By contrast, New Mexico’s share was only 5.6%. 

Thus, despite being a major producer of oil and gas, New Mexico experiences a relatively 

small share of the human health burden from PM2.5 associated with Permian Basin O&G 

activity. Most impacts occur in Texas. 

5. Nationwide, total premature mortality damages of Permian Basin O&G-sourced PM2.5 

were $6.57 billion (2022$) in 2017. Damages in the Permian Basin proper were $2.16 

billion (2022$), equivalent to 33% of the nationwide total. Texas experienced $3.25 

billion (2022$) in associated premature mortality damages in 2017 (nearly 50% of 

nationwide total damages), while damages in New Mexico totaled $371 million (2022$) 

(5.6% of nationwide damages). 

6. Finally, we estimate that for each $1 in revenue generated from the sale of oil and gas in 

the Permian Basin in 2017, $0.11 in damages were created nationwide from premature 

mortality associated with PM2.5 from O&G activity in the basin. 
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1.1 Background on PM2.5 and PM2.5 pollution in the Permian Basin 

 

Particulate matter (PM) can be naturally occurring or created through human activity and 

industrial processes. Naturally occurring sources include dust and dirt (US EPA, 2016a). Other 

sources of PM are wildfires, car emissions, and industrial plants (US EPA, 2016a). PM2.5 is a 

specific type of PM that has a diameter of less than 2.5 micrometers. For comparison, PM2.5 is 36 

times smaller in diameter than an average grain of sand, which is why it is often referred to as 

“fine” particulate matter (US EPA, 2016a).  

 

PM2.5 can either be directly emitted from sources (known as primary PM2.5) or can be formed in 

the atmosphere through chemical reactions of gases and organic compounds (known as 

secondary PM2.5) from PM2.5 precursor pollutants including nitrous oxides (NOX), sulfur dioxide 

(SO2), volatile organic compounds (VOC), and ammonia (NH3) (California Air Resources 

Board, n.d.; US EPA, 2019). NOX is produced by industrial sources such as power plants and 

vehicles (US EPA, n.d.). SO2 is created through burning fossil fuels at power plants and using 

high sulfur fuel in vehicles (US EPA, 2016b). VOCs come from a variety of household products 

and building materials, and also occur naturally from plants and vegetation (US EPA, 2014b). 

NH3 mostly comes from agricultural production processes (New York State Department of 

Health, 2005). The actual composition of PM2.5 is heterogeneous and varies by region and the 

sources of the pollution (Frank, 2012). Rather than regulating PM2.5 based on its composition, air 

quality regulations focus on the diameter of the particulates when setting and enforcing standards 

(California Air Resources Board, n.d.).  

 

The US Environmental Protection Agency (US EPA) under guidance from the 1970 Clean Air 

Act enforces the National Ambient Air Quality Standards (NAAQS). The NAAQS covers six 

pollutants, including annual-average concentrations of PM2.5 (US EPA, 2014a) which is intended 

to provide protection (on a health impact basis) to those who are most at risk to air pollution 

(e.g., the elderly and children). The PM2.5 standard, since 2012, is limited to 12.0 micrograms per 

cubic meter (μg/m3) annually, measured as a consecutive three-year average (US EPA, 2014a). It 

is important to note there is no consensus on what is considered a “safe” level of exposure and 

even low levels of PM2.5 can have adverse health impacts (Papadogeorgou et al., 2019). 

Recognizing this, the US EPA has announced a proposed decision (as of January 2023) to 

strengthen the PM2.5 standard from 12 μg/m3 to within the range of 9.0 to 10.0 μg/m3 (US EPA, 

2023).  

 

PM2.5 is of particular interest because the smaller or finer the particulate, the longer it can stay 

suspended in the air and the deeper it can travel in the respiratory system (Cao et al., 2013). 

Dockery et al. (1993) determined PM2.5 to be especially hazardous by showing increased 

mortality rates in areas with high concentrations of fine particulates, which contributed to the US 

EPA incorporating PM2.5 into the NAAQS in 1997 (Cao et al., 2013). In addition to its negative 

https://www.zotero.org/google-docs/?mXRzSr
https://www.zotero.org/google-docs/?GRdl4P
https://www.zotero.org/google-docs/?GRdl4P
https://www.zotero.org/google-docs/?GRdl4P
https://www.zotero.org/google-docs/?GRdl4P
https://www.zotero.org/google-docs/?GRdl4P
https://www.zotero.org/google-docs/?GRdl4P
https://www.zotero.org/google-docs/?27351I
https://www.zotero.org/google-docs/?JWz09w
https://www.zotero.org/google-docs/?JWz09w
https://www.zotero.org/google-docs/?JWz09w
https://www.zotero.org/google-docs/?4douOb
https://www.zotero.org/google-docs/?V4zixC
https://www.zotero.org/google-docs/?8xIfW2
https://www.zotero.org/google-docs/?4sVXo1
https://www.zotero.org/google-docs/?3LoYqb
https://www.zotero.org/google-docs/?IOdXGu
https://www.zotero.org/google-docs/?tHwQOy
https://www.zotero.org/google-docs/?BECJmk
https://www.zotero.org/google-docs/?5wpnul
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health effects, PM2.5 can travel significant distances from its source leading to downwind health 

impacts. 

 

The US EPA determines the areas of the country that are in attainment and those that are not in 

attainment with the NAAQS PM2.5 standard. As of May 2022, only nine US counties or areas are 

currently in nonattainment with the PM2.5 standard, according to the US EPA, and none of the 

areas are in the Permian Basin (US EPA, 2021). However, rising O&G activity in the Permian 

Basin has raised concerns regarding future challenges for PM2.5 pollution in this area, especially 

if the PM2.5 standard is strengthened, as currently proposed by the US EPA in 2023.  

 

In New Mexico, PM2.5 is not regulated outside of US EPA NAAQS standards, but it is indirectly 

legislated through the precursors NOX and VOC as part of the 1978 Ozone Attainment Initiative 

(NMED, n.d.). Under New Mexico state statute 74-2-5.3 NMSA 1978, NMED is tasked with 

intervening to reduce ozone pollution when ozone levels surpass 95% of the NAAQS standard in 

a given attainment area (NMED, n.d.). In 2022, NMED modified their rulemaking over ozone 

pollution in the state by directly regulating ozone precursors NOX and VOC in the O&G sector; 

termed the Ozone Precursor Rule (Oil and Gas Sector Ozone Precursor Pollutants, 2022). In the 

NM Permian Basin, Chaves, Lea, and Eddy counties are included in the 2022 Ozone Precursor 

Rule, allowing the state to set standards for NOX and VOC in these areas. As ozone precursors 

(NOX and VOC) overlap with PM2.5 precursors, the Ozone Precursor Rule will potentially impact 

PM2.5 concentrations in the NM Permian Basin in addition to affecting ozone levels. However, 

given the recency of this rule, we cannot estimate its PM2.5 impacts in this work due to data 

limitations. 

 

PM2.5 concentrations are officially monitored using air quality monitoring stations that are owned 

and operated by state environmental agencies. The New Mexico Environment Department 

(NMED) currently has ten air quality monitors in southern NM. Of these, only the Carlsbad and 

Hobbs monitors are located within the NM section of the Permian Basin and only the Hobbs 

station actively monitors PM2.5. This means that the entire NM Permian Basin area, covering 

roughly 17,000 square miles, has PM2.5 officially monitored by only a single station (US Census 

Bureau, 2021). 

 

In Texas, air quality monitoring stations are maintained by the Texas Commission on 

Environmental Quality (TCEQ). There are eight monitoring stations located within the Texas 

section of the Permian Basin (TCEQ, 2023).2 Of the eight TX Permian Basin monitoring 

stations, only two collect data on PM2.5 concentrations (Lubbock County and Odessa Gonzales) 

(TCEQ, 2023). Geographically, this covers the north and central areas of the basin, respectively. 

 
2 Air quality monitoring stations in the TX Permian Basin (with nearest city in parentheses): Lubbock County 

(Lubbock), Big Spring Midway (Midland), Midland Avalon Drive (Midland), Goldsmith Street (Odessa), Odessa 

Westmark Street (Odessa), Odessa-Hays Elementary School (Odessa), Odessa Gonzales (Odessa), Abilene 

Industrial Boulevard (Abilene).  

https://www.zotero.org/google-docs/?VKpvUT
https://www.zotero.org/google-docs/?VKpvUT
https://www.zotero.org/google-docs/?VKpvUT
https://www.zotero.org/google-docs/?VKpvUT


9 

This means that the entire TX Permian Basin has PM2.5 only officially measured by two stations 

(Railroad Commission of Texas, n.d.).  

 

Outside of PM2.5, ozone and methane levels also present air quality challenges for the Permian 

Basin, leading the US EPA to recently focus their attention on the area. In August 2022, the US 

EPA began helicopter surveillance of the Permian Basin using infrared cameras (US EPA, 

2022b). The goal is to better identify sources of methane and VOC emissions from O&G 

activity. Methane is a greenhouse gas that contributes to the formation of ozone and climate 

change (UN Environment Programme, 2021). VOCs also contribute to the formation of ozone, in 

addition to contributing to PM2.5 as a precursor pollutant. 

 

1.2 Oil and Gas Production Information in the Permian Basin 

 

The Permian Basin is the largest producing region of crude oil in the US (US EIA, 2023). 

Horizontal drilling and horizontal fracking (unconventional drilling) have driven oil production 

in the region higher, by over four times as much, since 2010 (NM Energy, Minerals and Natural 

Resources Department, 2023; The Railroad Commission of Texas, n.d.). Natural gas production 

is four times greater in Texas and seven times greater in New Mexico than in 2010 (NM Energy, 

Minerals and Natural Resources Department, 2023; The Railroad Commission of Texas, n.d.). 

Key to the production growth are the technological improvements in drilling. The average 

horizontal well is now over 10,000 feet while in 2010 the distance was 3,879 feet (US EIA, 

2022b). As a consequence of technological improvements, unconventional drilling wells 

surpassed traditional well numbers in 2014 and as of 2016 represented nearly 70% of all wells in 

the United States (US EIA, 2018). As of September 2022, New Mexico supplied 16% of US 

crude oil while Texas had 50% of the country’s daily crude oil production (US EIA, 2022a). 

Data from 2021 shows 6% of the country’s daily natural gas output is produced in New Mexico 

and 27% comes from Texas (US EIA, 2021). 

 

In 2021, New Mexico produced 447 million barrels of oil (BBL) and over 1.7 billion MCF 

(1,000 cubic feet) of natural gas (NM Energy, Minerals, and Natural Resources Department, 

2022). In contrast, in 2010 New Mexico only produced 63.2 million BBL of oil and 432 million 

MCF of natural gas (NM Energy, Minerals, and Natural Resources Department, 2022). In Texas, 

between 2010 and 2021, oil production increased from 271 million BBL to 1.1 billion BBL. 

Natural gas over the same time period increased from 1.16 billion MCF to 4.99 billion MCF 

(The Railroad Commission of Texas, n.d.).  

 

Figure 2 shows total oil and natural gas production in the Permian Basin, by state and year, 

between 2006-2022. With the expansion of unconventional drilling, production was able to 

increase exponentially from roughly 2010-onwards, peaking in 2021. Total revenue from sales of 

natural gas (based on annual average Henry Hub spot prices) and crude oil (based on annual 

https://www.zotero.org/google-docs/?Ptxner
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average Cushing, OK WTI spot prices) produced in the Permian Basin is also shown in the 

bottom panel of the figure. Texas oil sales generate most revenue in the basin, though sales of oil 

and gas from New Mexico have recently risen. 

 

 
Figure 2: Permian Basin oil (million barrels of oil; MMbbl) and natural gas (trillion cubic feet; 

TCF) production and total revenue (billions of USD), by state and year (2006-2022). Sources: 

NM Oil Conservation Division, the Railroad Commission of Texas, and authors’ calculations.  

 

Increased oil and natural gas production can impact the local environment through multiple 

pathways including PM2.5, methane emissions, VOC, and ozone concentrations. The activities 

contributing to emissions are similar across drilling types and include drilling activity, vehicle 

transportation emissions, venting, flaring, and holding ponds (Moatari-Kazerouni, 2019). A key 

impact difference between conventional and unconventional drilling, suggested by Moatari-

Kazerouni (2019), is that unconventional drilling is more demanding on resources due to longer 

drilling times and more effort being needed in the process. 
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While not the focus of this analysis, issues surrounding methane emissions in the Permian Basin 

are also another air pollution concern. Robertson et al. (2020) estimated that methane emissions 

in the Permian Basin are 5.5 to 9 times higher than the US EPA estimates for the region (which 

estimate 1.5% of produced natural gas is leaked) (Chen et al., 2022). Chen et al. (2022) found 

9.4% of produced natural gas is lost in the production process when they measured leaks using 

aircraft surveillance of the NM Permian Basin.  

 

In 2021, New Mexico took steps to limit methane flaring to 2% of production, implying a 98% 

capture rate by December 2026 (State of New Mexico, 2021). While not related to the PM2.5 

analysis undertaken in this paper, future work and attention on methane pollution in the Permian 

Basin is likely warranted. 

 

1.3 Economic Impacts of Permian Basin Oil and Gas Activity 

 

Growth in Permian Basin O&G activity has had significant economic impacts on both New 

Mexico and Texas.  

 

In NM, the O&G industry contributed $5.3 billion to state revenue in fiscal year 2021, of which 

$2.96 billion went to the NM state budget (NM Oil & Gas Association, 2021). A key 

contribution is the funding going towards education. In 2021, $152 million in NM state 

education funding came from taxes and revenues associated with the O&G industry in the NM 

Permian Basin. In 2020, employees in the “Mining, Quarrying, and Oil and Gas Extraction” 

industry had average wages of $81,452 while the average for the NM Permian Basin counties 

across all other professions was $53,362 (Economic, Labor, and Employment Overview Lea, 

Chaves and Eddy Counties, 2021). In terms of employment, some 13,501 people were employed 

in 2021 in the mining, quarrying, and oil and gas extraction field in the NM Permian Basin 

(Economic, Labor, and Employment Overview Lea, Chaves and Eddy Counties, 2021). 

According to the New Mexico Oil and Gas Association, the O&G industry supports 41,187 jobs 

across the NM Permian counties with the majority of those jobs in Lea and Eddy counties (NM 

Oil & Gas Association, 2021). 

 

Similarly, Texas has experienced economic benefits of O&G activity. The TX Permian Basin 

added 87,603 jobs from 2009-2019 and in Midland County over 20,000 jobs were added over the 

same period (TIPRO, 2020). The Perryman Group (2020) estimates that $82.5 billion in wages, 

$5.9 billion in local tax revenue, and an additional $7.9 billion in state taxes originate in the TX 

Permian Basin, annually. Their estimates show that Permian Basin O&G activity supports 

approximately 10% of the entire Texas economy, equating to $163.8 billion in gross product. 

 

The population of the Permian Basin has also been impacted by O&G development. Between the 

2010 and 2020 US Census, NM Permian Basin counties experienced substantial population 

https://www.zotero.org/google-docs/?78Wlrk
https://www.zotero.org/google-docs/?78Wlrk
https://www.zotero.org/google-docs/?78Wlrk
https://www.zotero.org/google-docs/?R1cTeh
https://www.zotero.org/google-docs/?R1cTeh
https://www.zotero.org/google-docs/?R1cTeh
https://www.zotero.org/google-docs/?R1cTeh
https://www.zotero.org/google-docs/?2qyBNA
https://www.zotero.org/google-docs/?2qyBNA
https://www.zotero.org/google-docs/?2qyBNA
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growth. Eddy and Lea counties had the highest population growth of all NM counties of 15.8% 

and 15.0%, respectively (Research and Polling Inc., 2021). By comparison, NM on average 

experienced 2.8% population growth over 2010-2020 (Research and Polling Inc., 2021). The TX 

Permian Basin on average had an 8.6% population increase from 2010-2020 (Office of the Texas 

Comptroller, 2022). The most growth occurred in Andrews (25.9%) and Midland (24.2%) 

counties, both of which are in the TX Permian Basin region. 

 

1.4 Environmental and Human Health Impacts of Permian Basin Oil and Gas Activity 

 

Oil and gas activity present several environmental challenges, including for air pollution, which 

can impact human health outcomes. To provide a spatial framework for our analysis, Adgate et 

al. (2014) categorized health impacts from unconventional natural gas production across the US 

at four different spatial levels: global, regional, local, and well site. While global concerns are 

important, the focus of our analysis is on the regional and local impacts from PM2.5 air pollution. 

Adgate et al. (2014) also analyzed sources of pollutants and the processes from hydraulic 

fracking that produce chemical, physical, or safety hazards. For PM2.5, potential emissions 

sources are listed as dust and drill cuttings from well pad construction and drilling, and leaks 

from oil well tanks. PM2.5, and the precursor NOX, are included in diesel emissions from trucks, 

heavy equipment, generators, and gas flaring. Our focus is on such sources.  

 

PM2.5 is especially hazardous to human health as its small size means that it can cross through 

the lungs into the circulatory system (Feng et al., 2016). Feng et al. (2016) examined how PM2.5 

can have negative health consequences even at levels less than the current NAAQS standard for 

PM2.5. Their review of the literature concluded that increased PM2.5 not only impacts the 

respiratory system but also increases the risk of cardiovascular problems, diabetes, and negative 

birth outcomes. Some of the potential mechanisms identified by Feng et al. (2016) include 

metabolic activation (changes in cell structure), inflammation of tissue, and oxidative stress (cell 

damage). The mechanisms that cause cell damage can lead to pulmonary and cardiovascular 

problems, childhood asthma, and diabetes (Feng et al., 2016). In line with the findings in Feng et 

al. (2016), Fann et al. (2018) point out, “there is no population-level concentration threshold for 

fine particles” so even at low PM2.5 concentrations, impacts to human health exist and can be 

damaging. 

 

Premature mortality is also affected by PM2.5. Yang et al. (2023) in a meta-analysis of 51 studies 

on air pollution found positive correlations between mortality and PM2.5 concentrations. 

Similarly, Zanobetti and Schwartz (2009) focused on 112 US cities from 1999-2005 and 

determined that a 10 μg/m3 increase in 2-day average PM2.5 led to a 0.98% increase in mortality 

and a 1.68% increase in respiratory deaths. 
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Fann et al. (2018) present an analysis quantifying the health impacts of PM2.5 and ozone from 

projected O&G activity across the US in the year 2025. Their estimates show that the Permian 

Basin will have some of the highest PM2.5 and ozone concentrations attributable to O&G in the 

country by 2025. Texas is estimated to have 130 cases of premature mortality in 2025 due to 

PM2.5 from O&G activity and 130 cases from ozone. Combined, Fann et al. (2018) estimate that 

O&G activity in TX will contribute 1.4 premature deaths per 100,000 people in TX in 2025 due 

to PM2.5 and ozone. 

 

Other estimates of the costs and benefits of O&G activity in the Permian Basin also exist. 

Loomis and Haefele (2017) estimate environmental damages from hydraulic fracking across 14 

states (including NM and TX). The estimated damages per ton for VOC, SO2, primary PM2.5 and 

NOX are $431, $3,701, $10,559, and $587, respectively (Loomis & Haefele, 2017). Total 

damages are between $1.0 billion and $15.3 billion from primary PM2.5, between $9 billion and 

$20.8 billion from NOX, between $2.1 billion and $3 billion from VOC, and between $477 

million and $2.9 billion from SO2.  

 

In addition to its impacts on PM2.5 pollution, there are other environmental impacts connected to 

O&G activity. While not the focus of this analysis, we briefly highlight two salient ones for the 

Permian Basin: water pollution and seismic activity. Water pollution occurs when water and 

chemicals used in the fracking process contaminate groundwater sources. The fracking process 

involves injecting water and chemicals into wells to create pressure to force gasses out of the 

ground (National Geographic Society, 2022). Through this process some chemicals can leak into 

the surrounding medium. Hill and Ma (2017) showed a 2.7% increase in water pollution 

(including, but not limited to methane, ethane, propane, oil, saline, and other hydraulic fracking 

chemicals used in the production process; see McIntosh et al., 2019) if a well pad was within 0.5 

km of a sampling site. 

 

Seismic activity, or earthquakes, are also another environmental concern. The increase in 

underground pressure caused by hydraulic fracking has been shown to cause earthquakes in areas 

surrounding injection locations, putting local communities at an increased risk for seismic 

activity (Weingarten et al., 2015). There are also economic impacts of earthquakes associated 

with O&G activity. Mothorpe and Wyman (2021) found housing prices are negatively impacted 

by increases in seismic activity due to hydraulic fracking in Oklahoma. 

 

1.5. Conceptual Framework 

 

Before proceeding, we provide a conceptual framework for the analysis undertaken in this work 

(Figure 3) and outline the rest of the white paper. 
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Our primary objective is to characterize PM2.5 pollution created from O&G emissions in the 

Permian Basin and to connect that pollution to human health impacts and associated economic 

damages. To do so, we begin (in Section 2) with an analysis of Permian Basin O&G emissions of 

PM2.5 precursor pollutants VOC, SO2, NOX, and primary PM2.5. These precursors, with the 

exception of primary PM2.5, combine in the atmosphere to form secondary PM2.5. We collect data 

from the US EPA on observed O&G emissions for this part of the analysis. 

 

Next, we move from emissions to studying PM2.5 directly by showing trends and estimates of 

ambient PM2.5 concentrations in the Permian Basin, including PM2.5 from both O&G and non-

O&G sources (in Section 3). Spatial satellite data on PM2.5 are used for this part of the analysis.  

 

Then, an attribution analysis is undertaken (in Section 4) to link precursor pollutant emissions 

from the O&G sector to induced changes in PM2.5 concentrations. The attribution analysis 

provides modeled results showing the direct effect of Permian Basin O&G emissions on PM2.5 

levels through the combination of primary and secondary PM2.5. 

 

From there, we use concentration-response functions from the epidemiology and public health 

literatures to estimate the human health impacts (focusing on increased instances of adult 

premature mortality) of PM2.5 generated by Permian Basin O&G activity (in Section 5).  

 

Finally (in Section 6), we apply commonly-used health economic damage metrics (value of a 

statistical life or VSL) from the US EPA to value the estimated changes in premature mortality 

associated with O&G emissions in the Permian Basin. This provides us with an estimate of the 

economic damages from PM2.5 exposure tied to O&G emissions. 
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Figure 3: Conceptual framework for studying PM2.5 pollution from Permian Basin oil and gas 

activity and its associated human health impacts and economic damages.  
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2. Emissions of PM2.5 Precursors from O&G in the Permian Basin 

 

In this section, we begin our analysis with an investigation of the emissions of PM2.5 precursors 

(NOX, VOC, SO2) and primary PM2.5 specifically sourced from oil and gas activity in the 

Permian Basin. Emissions of these precursors, with the exception of primary PM2.5, combine to 

form secondary PM2.5 in the atmosphere through chemical reactions. The total PM2.5 

concentration, which will be used to evaluate health impacts in Section 5, combines primary and 

secondary PM2.5. In what follows, time trend figures and source-location maps are presented to 

show the dynamic impacts of O&G activity on precursor emissions and the geographic sources 

of those emissions, by pollutant type. 

 

Data on emissions of primary PM2.5 and PM2.5 precursors (NOX, SO2, and VOC) were collected 

from the National Emissions Inventory (NEI), a database compiled by the US EPA every three 

years (US EPA, 2022c). We used the three most recently available versions of the NEI: 2011, 

2014, and 2017. The NEI provides annual estimates of emissions by various types of sources and 

location. We obtained emissions of sources directly associated with O&G production from the 

counties identified as within the Permian Basin. 

 

We collected emissions from two broad categories: point sources and nonpoint sources. Point 

sources are generally larger emitters and are required to monitor and report their emissions to the 

US EPA. These sources have precise geographic locations associated with their emissions. Each 

point source is categorized by its North American Industry Classification System (NAICS) code, 

and we collected those sources with NAICS codes relating to O&G production.3 Quantities of 

emissions of the four precursor pollutants, the emission stack height, and the geographic 

coordinates of each point source were collected for each O&G point source in the Permian Basin 

counties. 

 

Nonpoint sources are defined by the NEI as including emissions for sources which individually 

are too small in magnitude to report as point sources (US EPA, 2022c), and their emissions are 

estimated at the county level and by their Source Classification Code (SCC). We obtained 

emissions for those sources with an SCC sector classified as “Industrial Processes – Oil & Gas 

Production”.4 Quantities of each of the four precursor pollutants at the county level were 

collected for each O&G SCC in the Permian Basin.  

 

 
3 Included NAICS codes: 2111 (Oil and Gas Extraction), 21112 (Crude Petroleum Extraction), 21113 (Natural Gas 

Extraction), 211111 (Crude Petroleum and Natural Gas Extraction), 211112 (Natural Gas Liquid Extraction), 

213112 (Support Activities for Oil and Gas Operations), 221210 (Natural Gas Distribution), 237120 (Oil and Gas 

Pipeline and Related Structures Construction), 486110 (Pipeline Transportation of Crude Oil), 48621 (Pipeline 

Transportation of Natural Gas), 48691 (Pipeline Transportation of Refined Petroleum Products), and 48699 (All 

Other Pipeline Transportation). 
4 This includes all 10-digit SCCs starting with 2310. 
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Figure 4 shows Permian Basin O&G emissions of PM2.5 precursors, by pollutant type and source 

(point or nonpoint), over the years 2011, 2014, 2017. Note that 2017 is the most recent year of 

NEI data available at the time of the analysis. Nonpoint source VOC emissions are by far the 

single largest source of PM2.5 from O&G activity, averaging ~500 metric tons per year, across 

the three years.  

 

In the Permian Basin, in particular, we observe that the top four nonpoint source VOC emissions 

for O&G are: (i) oil well tanks (51.4% of total VOC O&G nonpoint emissions); (ii) condensate 

tanks (10.4% of total); (iii) truck and rail loading of crude oil (8.2% of total), and; (iv) emissions 

off of produced water from oil wells (4.8% of total). A key conclusion from Figure 4 is that 

nonpoint source VOC emissions from O&G activity, primarily from oil well tanks, are the 

dominant contributor to PM2.5 precursor emissions in the Permian Basin. 

 

O&G-related emissions of NOX and SO2 are moderate in magnitude, by comparison to VOC, and 

emissions of primary PM2.5 (which constitute direct emissions of solids and liquids) are minimal 

in Figure 4. However, similar to VOC emissions, NOX and SO2 emissions are predominately 

from nonpoint sources, including compressor engines and artificial lift engines (NOX) and 

natural gas wellheads and oil well tanks (SO2). There are also several significant point source 

emissions of NOX and SO2, including 4-cycle lean engines and combustion engine turbines 

(NOX) and oil and gas flaring and sulfur recovery units (SO2). 

 

There is a slight upward trend in precursor emissions from 2011 to 2017, most notably for NOX 

and SO2. Note that this upward trend is occurring simultaneously with increased O&G 

production in the Permian Basin over the 2011-2017 time period (from Figure 2).  
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Figure 4: Precursor emission trends (metric tons) by year, precursor pollutant type, and source 

(point or nonpoint) from the Permian Basin O&G sector. Point sources (nonpoint sources) are 

denoted by lighter (darker) shading. Sources: NEI and authors’ calculations. 

 

To understand the geographic sources of the Permian Basin precursor emissions shown in Figure 

4, we present, in Figure 5, a source-location map of 2017 point source precursor emissions, by 

pollutant type. 2017 is focused on since it is the most recent NEI data year available. 

 

From Figure 5, most point source precursor emissions from the O&G sector are from SO2 and 

NOX with only small amounts of VOC and primary PM2.5. Emissions of SO2 and NOX are largest 

along the New Mexico and Texas border, though NOX sources are also observed in the southern 

and eastern areas of the Texas Permian Basin. VOC and primary PM2.5 emission point sources 

are more uniformly distributed throughout the basin. Several point source locations for SO2 have 

emissions rates of ≥1000 metric tons in 2017, which is substantial. The single largest SO2 point 

source in the NEI data are emissions from natural gas flaring (49.7% of total SO2 O&G point 

source emissions). 
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Figure 5: Point source emission locations (metric tons) in 2017 from Permian Basin O&G 

activity, by precursor pollutant type. Darker colors represent overlapping sources of emissions. 

Larger circles represent greater masses of emissions (see legend). Sources: NEI and authors’ 

calculations.  
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Figure 6: Nonpoint source emission locations (metric tons) in 2017 from Permian Basin O&G 

activity, by precursor pollutant type. Darker colors represent overlapping sources of emissions. 

Larger circles represent greater masses of emissions (see legend). Sources: NEI and authors’ 

calculations. 

 

In Figure 6, we produce a similar source-location map to the one Figure 5, but now isolate 

nonpoint sources of 2017 O&G emissions in the Permian Basin. Note the change in the 

magnitude of the legend in Figure 6; the highest category is now 10,000 metric tons of 

emissions. Also note that the NEI only provides nonpoint source locations at the county level 

(compared to precise geographic coordinate locations for the point source data previously 

shown). The county-level data was apportioned to grid cells—for use in the air-quality modeling 
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in Section 4—uniformly to each grid cell within each county. This leads to the grid-like structure 

of sources observed in Figure 6. 

 

By far, the dominant nonpoint source of pollution from the O&G sector is VOC (Figure 6). This 

contrasts with the point source emissions results (Figure 5) where VOC emissions were 

substantially lower compared to the other precursor pollutant types, with the exception of 

primary PM2.5. Several Permian Basin counties are responsible for 10,000 metric tons (or more) 

of nonpoint source VOC in 2017 directly associated with O&G activity. Additionally, the high 

levels of nonpoint source VOC emissions are observed throughout the basin, in both New 

Mexico and Texas.  

 

According to the 2017 NEI data, 83% of the mass of all nonpoint source emissions due to O&G 

activity are from VOC, with most of these emissions coming from oil well tanks. Emissions of 

NOX are the second largest nonpoint source and are also fairly evenly distributed throughout the 

basin, but at magnitudes substantially lower than VOC. The majority (59.6%) of nonpoint source 

NOX in the NEI is from two types of combustion engines (4-cycle rich burn compressors and 

artificial lift engines). Negligible amounts of nonpoint source SO2 and primary PM2.5 emissions 

are observed from O&G in 2017. 

 

There are three key takeaways from Figures 5 and 6: (i) the largest O&G source of PM2.5 

precursor emissions in the Permian Basin is nonpoint source VOC; (ii) oil well tanks are the 

single largest emissions source in the Permian Basin (constituting 36.4% of the total mass of 

PM2.5 precursor emissions in 2017), and; (iii) point source emissions of NOX and SO2, primarily 

from natural gas flaring and combustion engines (2-cycle and 4-cycle lean burn), are also 

significant sources of PM2.5 precursors in the basin. 
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3. General PM2.5 Trends in the Permian Basin  

 

In this section, we present results showing general trends in PM2.5 in the Permian Basin. Note 

that this analysis includes aggregate PM2.5 concentrations from all sources; not exclusively from 

O&G. This will provide some background and context on ambient pollution levels in the region, 

which will be useful as we transition in later sections into a detailed investigation of PM2.5 that is 

specifically sourced from O&G activity. 

 

Annual PM2.5 concentration data were obtained from van Donkelaar et al. (2021) for the years 

2010-2020. These data are derived from satellite measurements of PM2.5 concentrations that are 

then calibrated based on ground-based observations. The data are presented in high-resolution 

grid cells (0.01˚×0.01˚) across North America. These data provide complete coverage of the 

Permian Basin, giving the best representation of the long-term and spatial trends in PM2.5 

concentrations over this period. Alternatively, monitoring station data of PM2.5 concentrations 

are available for a very limited number of locations across the Permian Basin and thus cannot 

illustrate the spatial gradients in concentrations. The US EPA uses the monitoring station data for 

regulatory purposes to assess NAAQS compliance, which is not the focus of our analysis. For 

our purposes of understanding the trends in PM2.5 concentrations across the Permian Basin, the 

satellite data is the best available option.  

 

We collected the satellite data and then averaged it across uniform 5×5 km grid cells in the 

Permian Basin for each year. Figure 7 shows these annual averages of ambient PM2.5 

concentrations for the years 2010-2020. Over this period, levels of PM2.5 averaged 6.16 

micrograms per cubic meter (µg/m3) across the basin. For context, the US national average of 

PM2.5 over 2010-2020 was 8.54 µg/m3, according to US EPA air trends data. For the southwest 

US, in particular, the PM2.5 average over this period was 7.15 µg/m3, per the US EPA. Thus, 

average PM2.5 concentrations in the Permian Basin were between 2.38 µg/m3 and 0.99 µg/m3 

lower than the US national and southwest regional averages, respectively, over 2010-2020. This 

suggests that this region of heavy O&G activity is not an outlier with regards to either national or 

regional pollution trends over the same period of time.  

 

After peaking in 2011, Permian Basin PM2.5 levels have generally been declining through the 

year 2020 (Figure 7). The highest PM2.5 levels are observed along the US-Mexico border in 

Texas, but mostly within Mexico. Seeing as there are no major cities or sources of industrial or 

agricultural activity on this section of the border, would suggest the presence of natural causes to 

explain the large PM2.5 concentrations observed in this area (e.g., geography, topography, local 

weather, etc.). Interestingly, the US-Mexico border “hotspot” largely disappears by 2020 (when 

O&G production in the Permian Basin was near its peak; see Figure 2), becoming no more 

significant in terms of PM2.5 levels than the surrounding region. For these reasons, we conclude 

that O&G activity is unlikely to be the primary cause of this localized hotspot.  
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Figure 7: Average ambient PM2.5 concentrations (µg/m3) in the Permian Basin, by year (2010-

2020). 5×5 km gridded data shown. Outer boundary of Permian Basin counties in yellow. 

Sources: van Donkelaar et al. (2021) and authors’ calculations. 

 

Other notable hotspots of PM2.5 are observed throughout the western and central portions of the 

Texas section of the Permian Basin, including around the cities of Midland, Odessa, and Pecos. 

In New Mexico, one noticeable hotspot is the north-to-south area in Chaves County, which 

largely corresponds to highway US 285 (a major transportation artery in the region) and the 

cities located on the highway, including Roswell and Carlsbad.  

 

Comparing the O&G precursor emission source-location maps (Figures 5 and 6) with the PM2.5 

concentration map (Figure 7), shows some overlap between precursor emissions (especially for 

nonpoint source VOC) and PM2.5 concentrations in the central portions of the Texas Permian 

Basin, particularly around Midland and Odessa. This is suggestive evidence that O&G activity is 
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contributing to the observed PM2.5 hotspot in this area. However, stronger evidence is needed 

and will be provided in the next section through the use of attribution modeling. 

 

To present the Figure 7 results in a different manner, we show in Figure 8 the annual trends in 

PM2.5 concentrations, averaged over all grid cells in the Permian Basin counties between 2010-

2020. For completeness, the interquartile and 95% ranges of the data are also shown. 

 

Consistent with Figure 7, we observe largely declining ambient PM2.5 levels in the Permian 

Basin over time, with the average peaking at slightly over 7 µg/m3 in 2011 and the average 

lowest at ~5.5 µg/m3 in 2016. However, from 2016-2020, the mean trendline is largely flat, 

indicative of no significant changes in PM2.5 levels over this period. This is despite an 

exponential growth in O&G production in the Permian Basin from 2016-2020 (from Figure 2). 

Taken together, the evidence is suggestive that average ambient PM2.5 levels and O&G 

production are not strongly associated in the Permian Basin; as O&G production increased from 

2016-2020, annual average PM2.5 concentrations across all basin counties were largely 

unchanged. To be clear, this is not meant to imply that O&G and PM2.5 are unrelated (because a 

relationship indeed exists as will be shown in detail in the next section). Rather, these results 

suggest that the impact of increased O&G activity from 2016-2020 on ambient PM2.5 levels is 

small in magnitude; significant increases in ambient PM2.5 are not observed across the Permian 

Basin counties despite large increases in O&G production. However, it may be the case that in 

the absence of the realized increases in O&G production, PM2.5 levels would have continued on 

their 2011-2016 downward trend; we simply do not know what might have happened in such a 

counterfactual world.  

 

An explanation for why the exponential growth in O&G production over 2016-2020 did not lead 

to substantial increases in average ambient PM2.5 levels in the Permian Basin should be studied 

and investigated in future work. A myriad of possible explanations may exist, including: changes 

in other non-O&G precursor emissions over the same time period; technological advancements 

and improvements in the mechanical, technical, or operational processes used to extract, 

transport, and refine O&G; changes in weather and wind patterns; or changes in upwind sources 

of PM2.5 (outside of the Permian Basin).  
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Figure 8: PM2.5 trends in the Permian Basin for the years 2010-2020. The black line is mean 

PM2.5 concentration (µg/m3), the dark gray band is the interquartile range (25th to 75th 

percentile), and the light gray band is the 95% range of the data (2.5th to 97.5th percentile). 

Sources: van Donkelaar et al. (2021) and authors’ calculations. 

 

Lastly, we calculated the share of Permian Basin counties that are out of compliance with the US 

EPA NAAQS standard for PM2.5, which is currently set at 12.0 µg/m3 annually, measured as a 

consecutive three-year average. Using our data, which we note is different from the official data 

used by the US EPA for ascertaining NAAQS compliance (for reasons previously explained), we 

find that there are no Permian Basin counties above the PM2.5 standard over the 2010-2020 

period. This suggests that O&G activity, in addition to other economic sectors in this region and 

upwind sources, are not resulting in PM2.5 levels that are leading to NAAQS nonattainment 

concerns under the current US EPA standard. In fact, ambient PM2.5 concentrations in the 

Permian Basin are generally well below the current standard and are well below both national 

and regional averages. 
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4. Attribution Analysis of O&G Precursor Emissions on PM2.5 Concentrations  

 

In this section, we show the specific impacts of Permian Basin O&G emissions on PM2.5 

concentrations by performing an attribution analysis on the precursor emissions previously 

presented in Section 2. An attribution analysis enables us to isolate the direct effect of O&G 

emissions on PM2.5 concentrations in New Mexico, Texas, and, because of dispersion, in 

neighboring states. 

 

The attribution analysis combines the emissions of the four precursor emissions (primary PM2.5, 

NOX, SO2 and VOC) from the years 2011, 2014 and 2017, with an air quality model that 

estimates the change in PM2.5 concentrations at all downwind locations attributable to these 

emissions. The air quality model is the InMAP Source-Receptor Matrix (ISRM) (Goodkind et 

al., 2019) which isolates for any emission source the change in PM2.5 concentrations at all 

downwind locations. The ISRM is a model consisting of grid cells across the US. For any 

emission source grid cell 𝑖, the model shows for a one-ton change in precursor emissions at the 

source, the change in PM2.5 concentrations in all other grid cells in the model. These 

relationships between emission sources and downwind receptor grid cell concentrations are 

called source-receptor coefficients and are identified as 𝜋𝑖𝑗
𝑠 , which represents the change in the 

PM2.5 concentration at receptor grid cell 𝑗 from a one-ton change in emissions of precursor 

pollutant 𝑠 at source 𝑖. 

 

The ISRM has variable-sized grid cells, with larger grid cells (48×48 km) in sparsely populated 

areas, and progressively smaller grid cells (24×24 km, 12×12 km, 4×4 km, 2×2 km, and 1×1 km) 

for more densely populated areas. To use the ISRM we needed to apportion our emissions to 

each grid cell in the Permian Basin. For point sources this is straightforward as we use the 

geographic coordinates of the source and apply the emissions to the grid cell the source is within. 

For nonpoint sources, which are provided at the county level by the NEI, the process is slightly 

more involved. We identify all the grid cells whose centroids are within the boundaries of each 

county, and then apportion the county total of emissions equally among all the identified grid 

cells. 

 

For our analysis, we sum up the total emissions, 𝑒𝑖
𝑠, of each pollutant 𝑠 within a grid cell (from 

both point and nonpoint O&G sources) and multiply by the source-receptor coefficients to 

calculate the change in PM2.5 concentration at each receptor grid cell 𝑗, Δ𝐶𝑗
𝑠, attributable to the 

O&G emissions: 

Δ𝐶𝑗
𝑠 = ∑ 𝑒𝑖

𝑠

𝑛

𝑖=1

⋅ 𝜋𝑖𝑗
𝑠 . 
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The total change in PM2.5 concentrations, Δ𝐶𝑗, at grid cell 𝑗 is the sum of the change associated 

with each precursor pollutant: 

Δ𝐶𝑗 = Δ𝐶𝑗
pri PM2.5

+ Δ𝐶𝑗
NOx + Δ𝐶𝑗

SO2 + Δ𝐶𝑗
VOC. 

 

In Figure 9, we present our modeled results of the Δ𝐶𝑗, showing annual PM2.5 concentration 

changes (for 2011, 2014, and 2017) due to O&G precursor emissions in the Permian Basin.5 

Note that because these results are the product of an attribution analysis, it is correct to interpret 

them as the direct, isolated impact of O&G precursor emissions.6 Put differently, Figure 9 shows 

our best estimates of the direct effect of Permian Basin O&G activity on regional PM2.5 levels. 

 

 

 
Figure 9: Modeled annual PM2.5 concentration changes (µg/m3) due to Permian Basin oil and 

gas precursor emissions (of NOX, SO2, VOC, and primary PM2.5) for years 2011, 2014, and 

2017. 1×1 km to 48×48 km gridded data shown (varied based on population density). Permian 

Basin region outlined in blue. Sources: Goodkind et al. (2019) and authors’ modeling results.  

 

The highest magnitude of PM2.5 impacts of O&G are localized in and around the Permian Basin 

counties in west Texas and southeast New Mexico. We estimate that annual PM2.5 levels in this 

region are higher by 1.82 µg/m3, on average, due to O&G activity. Of this average increase, 1.54 

µg/m3 (or 85%) is due to O&G VOC emissions and 0.16 µg/m3 (or 9%) is due to O&G NOX 

emissions. For context, the background ambient PM2.5 concentrations in the Permian Basin in 

these three years (2011, 2014 and 2017) averaged 6.61 µg/m3 (from Section 3). These results 

would therefore suggest that 1.8 µg/m3 of the ambient average of 6.61 µg/m3 is directly 

attributable to O&G activity in the Permian Basin. In the absence of O&G activity, background 

 
5 Only the years 2011, 2014, and 2017 are shown because the NEI data, which are a required modeling input, are 

only available in three-year increments. 
6 As with any modeling analysis, uncertainty exists. The attribution analysis here is no exception and the presented 

modeling results may differ from actual PM2.5 concentration changes due to O&G. 
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ambient PM2.5 levels would otherwise be lower by 1.8 µg/m3, per year, on average. Put 

differently, we find that the O&G sector, through its emissions of PM2.5 precursors, contributes 

27.5% of the annual average ambient PM2.5 concentrations experienced in the Permian Basin. 

 

As a secondary finding from Figure 9, observe the large spatial dispersion of PM2.5. Due to 

prevailing winds, weather patterns, and atmospheric conditions, the PM2.5 created by Permian 

Basin O&G emissions disperses into non-Permian Basin counties within both New Mexico and 

Texas, and, beyond into the neighboring states of Oklahoma, Kansas, and Colorado. While the 

magnitudes of out-of-state impacts are fairly low (<0.5 µg/m3), we highlight that the air pollution 

impacts of O&G activity are observed well beyond the Permian Basin, directly impacting distant 

airsheds and human populations. This suggests that Permian Basin O&G activity is generating a 

negative externality on people and environments across many states and communities; air 

pollution impacts are not isolated to the oil and gas producing region alone. 

 

To augment these results, we present, in Figure 10, the year 2017 concentration changes in PM2.5 

from Permian Basin O&G emissions, but now separated into the specific contribution of each 

precursor pollutant (i.e., the Δ𝐶𝑗
𝑠). Figure 10 is a “deconstructed” version of the results shown in 

Figure 9; summing the grid cell values across all four of the panels in Figure 10 will produce the 

same result shown in Figure 9 (for 2017). 2017 is focused on here since it is the most recent year 

of NEI data available.  

 

Figure 10 results suggest that VOC emissions are the predominant O&G source of PM2.5. The 

majority of the changes in PM2.5 concentrations shown previously in Figure 9 are thus being 

driven by VOC emissions. This is consistent with the evidence gathered in Figures 4 and 6, 

showing substantial and outsized emissions of VOC from the Permian Basin O&G sector. At 

significantly reduced magnitudes, both NOX and SO2 also contribute to O&G-driven increases in 

regional PM2.5 levels. In particular, note the large spatial dispersion of the PM2.5 attributable to 

NOX emissions, especially when compared to the dispersion of the other precursors. While VOC 

has a substantial impact on localized PM2.5 in the Permian Basin region, its dispersion area into 

neighboring counties and states is not too dissimilar to that seen for NOX. 
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Figure 10: Modeled PM2.5 concentration changes (µg/m3) in 2017 attributable to Permian Basin 

oil and gas emissions, by precursor pollutant type. 1×1 km to 48×48 km gridded data shown 

(varied based on population density). Permian Basin region outlined in blue. Sources: Goodkind 

et al. (2019) and authors’ modeling results.  
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5. Human Health Impacts of PM2.5 Associated With O&G Activity in the Permian Basin 

 

In this section, we present estimates of the human health impacts of PM2.5 attributable to Permian 

Basin O&G activity. Underlying our analysis is the biological phenomena that human exposure 

to PM2.5 pollution is associated with negative impacts to human health. From the peer-reviewed 

literature, we know that PM2.5 exposure is associated with negative impacts to the human 

respiratory and cardiovascular systems (Xing et al., 2016; Polichetti et al., 2009) and can lead to 

premature mortality (Apte et al., 2015). In this paper, we focus on PM2.5 impacts to premature 

mortality because these impacts are the most severe and are also the largest source of economic 

damages associated with air pollution exposure. 

 

By utilizing the results from the PM2.5 attribution analysis, shown in the previous section, we can 

directly estimate the impacts of O&G emissions on premature mortality, through exposure to the 

PM2.5 generated by O&G activity, and through the use of concentration-response functions from 

the peer-reviewed literature in epidemiology. We perform the analysis for US adults (25+) and, 

because of dispersion of air pollution, nationwide. 

 

We use a concentration-response function called GEMM (Burnett et al. 2018), that relates 

changes in PM2.5 concentrations to changes in adult premature mortality. The GEMM model is 

the result of a meta regression that collected data from the literature on the relationship between 

PM2.5 and mortality and used a flexible functional form to produce a nonlinear estimate of the 

concentration-response function. We use an estimate from GEMM that applies for all adults (age 

25+) and for the rate of mortality from all non-communicable diseases plus mortality from lower 

respiratory infections (NCD+LCI).7 The concentration-response function is presented as the 

relative risk of premature mortality (from these causes) compared with the risk at the lowest 

observed concentration in the GEMM analysis (2.4 µg/m3). For instance, for a location with a 

PM2.5 concentration 8 µg/m3 above the lowest concentration (i.e., a concentration of 10.4 µg/m3) 

it will have a relative risk of 1.093, which means that a person exposed to that concentration is 

9.3% more likely to die from one of these causes than someone at the lowest concentration. 

 

The PM2.5 concentration changes, attributable to O&G emissions (calculated in Section 4), were 

at the grid cell level from the ISRM model. For the calculations in this section, we applied the 

grid-cell level changes to US Census block groups. For each block group centroid, we identified 

the ISRM grid cell it is within and applied that grid cell’s PM2.5 concentration change to the 

block group. 

 

We calculated the premature mortality attributable to the emissions of O&G in the Permian 

Basin using the relative-risk equations from GEMM (𝑅𝑅𝑗) and an equation called the population 

 
7 These diseases constitute approximately 87% of all deaths in the US. 
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attributable fraction (𝑃𝐴𝐹𝑗). The PAF shows the share of the total mortality from a cause (or set 

of causes) that can be attributable to a particular factor: 

  

𝑃𝐴𝐹𝑗 = (1 −
𝑅𝑅𝑗(𝐶𝑗

0 − Δ𝐶𝑗)

𝑅𝑅𝑗(𝐶𝑗
0)

) 

 

where 𝐶𝑗
0 is the observed PM2.5 concentration in location 𝑗 (from the satellite derived 

concentrations in Section 3), and Δ𝐶𝑗 are the changes in PM2.5 concentrations attributable to 

O&G emissions from the Permian Basin (as derived in Section 4). 

 

Then using the PAF, we calculate the total mortality (𝑀𝑗) attributable to O&G emissions by 

multiplying the PAF by the total mortality (population times mortality rate) from these causes 

(NCD+LCI) in a location: 

 

𝑀𝑗 = 𝑝𝑗 ⋅ 𝜆𝑗
0 ⋅ 𝑃𝐴𝐹𝑗  

 

where the adult (25+) population of a block group is 𝑝𝑗 and the baseline mortality rate from 

NCD+LRI causes is 𝜆𝑗
0. The mortality rate data comes from the US CDC (Centers for Disease 

Control and Prevention, 2021) and is the seven-year average of county mortality rates for the 

NCD+LRI causes. Block group adult populations comes from the 2021 American Community 

Survey (Manson et al., 2022) and represents the five-year average population from 2017-2021. 

 

Using similar methods, we also calculate the attributable mortality by the type of precursor 

emissions (𝑀𝑗
𝑠) using the PAF with the change in concentration due to each pollutant (Δ𝐶𝑗

𝑠) that 

was previously shown in Figure 10. 

 

Figure 11 shows the premature mortality impacts of exposure to PM2.5 from Permian Basin O&G 

activity in 2017, by US Census block group. Each block group is represented by a circle whose 

size indicates the number of instances of PM2.5-attributable premature mortality in 2017. The 

highest magnitude of premature deaths are located in the Permian Basin region of Texas and 

New Mexico. Due to dispersion of PM2.5 across the US, impacts are observed throughout the 

nation, though generally at very low magnitudes (i.e., <1 death per block group), outside of the 

basin. All major Texas cities, including Dallas, Austin, Houston, and San Antonio, experienced 

premature mortality directly attributable to PM2.5 generated by Permian Basin O&G activity in 

2017. In New Mexico, cities including Albuquerque, Santa Fe, and Las Cruces also faced 

premature mortality impacts, though generally at reduced magnitudes compared to the impacts 

observed in Texas. 
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Figure 11: Premature mortality (for adults; 25+) associated with PM2.5 exposure from Permian 

Basin O&G precursor emissions, by US Census block group, for 2017. Circle sizes represent 

counts of premature mortality cases per block group. Permian Basin counties outlined in black 

and highlighted. Source: authors’ calculations. 

 

In 2017, we estimate that, nationwide, a total of 638 premature deaths were associated with 

PM2.5 from the Permian Basin O&G sector.8 The majority, 53%, of these deaths were caused by 

PM2.5 created from emissions of VOC. No other single precursor pollutant had such an outsized 

influence on premature mortality cases. Out of the nationwide total, 212 deaths (33%) occurred 

in the Permian Basin proper. This suggests that the majority (67%) of premature deaths due to 

PM2.5 from basin O&G emissions occurred outside of the Permian Basin, in neighboring states, 

but also, to lesser degrees, in distant states and communities (e.g., in the Midwest and northeast 

US). We conclude from this that Permian Basin O&G activity is having significant internal and 

external impacts on the health of populations both inside and outside of the basin proper. 

 
8 This number represents the nationwide sum of all the blue circles in Figure 11. 
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To augment the results in Figure 11, we produce, in Figure 12, two charts showing instances of 

premature mortality due to PM2.5 from Permian Basin O&G emissions by precursor pollutant 

type and by state, for 2017. Starting with the panel on the left, most premature deaths (336 of 

638 total cases) are due to VOC emissions and most VOC emissions deaths are located in Texas. 

Premature deaths due to NOX emissions were also significant in 2017, and many of those deaths 

were in distant states. Differential dispersion of the PM2.5 created by NOX can likely explain this 

finding. 

 

Texas experienced a total of 315 premature deaths due to Permian Basin O&G PM2.5 in 2017, 

compared to 36 premature deaths in New Mexico. Note that Oklahoma actually experienced 

more Permian Basin O&G-related premature deaths in 2017 than New Mexico. Despite being a 

major O&G producer in the Permian Basin, New Mexico’s sparse population and the region’s 

prevailing west-to-east wind patterns (which push much of the PM2.5 eastward) mean that the 

state experienced relatively fewer premature deaths than Texas and Oklahoma. 

 

Moving to the right panel of Figure 12, we observe, consistent with the left panel, that Texas is 

affected the most, as a percentage of total premature deaths from a pollutant, from Permian Basin 

PM2.5. 65% (VOC) and 60% (primary PM2.5) of total premature deaths in 2017 were located in 

Texas. By contrast, deaths in New Mexico were never more than 10% of the US nationwide 

total, across all precursor pollutant types. As an example of the external impact of Permian Basin 

O&G emissions on distant populations, 46% of total NOX-related deaths are in states other than 

Texas and New Mexico (the Permian Basin states) and outside of the neighboring or near-

neighboring states of Oklahoma, Kansas, and Missouri. This provides further suggestive 

evidence of the wide geographic impact of Permian Basin O&G activity across the US. 
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Figure 12: Premature mortality (for adults; 25+) associated with PM2.5 exposure from Permian 

Basin O&G precursor emissions, by precursor pollutant type and state in which the death 

occurred, for 2017. Total premature deaths (left panel) and percentage of premature deaths by 

pollutant type (right panel). Source: authors’ calculations. 
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6. Health Economic Damages of PM2.5 from Permian Basin O&G Activity  

 

In this section, we estimate the dollar-denominated health economic damages of PM2.5 

attributable to the Permian Basin O&G sector using the premature mortality estimates from 

Section 5.  

 

Understanding the monetary damages of air pollution exposure is important for policymaking 

and regulatory purposes. The US EPA routinely studies the benefits and costs of the Clean Air 

Act (US EPA, 2022d) in order to provide information on the Act’s social impacts to human 

health, welfare, and natural assets. Decisions surrounding updated policies to adjust the US 

National Ambient Air Quality Standards (NAAQS) depend, in part, on benefit-cost analyses of 

human health damages (or avoided damages, as may be the case) of air pollution exposure (US 

EPA, 2022d).  

 

Such work motivates our investigation of the human health damages of PM2.5 from Permian 

Basin O&G activity. Our results will provide, to the best of our knowledge, the first such 

economic damage estimates for this region, serving as potentially relevant information on the 

larger social and welfare impacts of O&G activity in the Permian Basin. 

 

In the results that follow, we show economic damage estimates for premature mortality, using 

the health incidence estimates from Section 5. Recall that the results in Section 5 showed the 

number of instances of premature mortality, across the US, due to PM2.5 created from O&G 

emissions in the Permian Basin in 2017. Here, we monetize these estimated premature mortality 

impacts using the willingness-to-pay (WTP) to avoid exposure health damage metric.  

 

WTP is a monetary value that captures a person’s readiness to pay to avoid being exposed to an 

air pollutant; for PM2.5 in this study. Economists often use WTP because it is considered the 

proper economic measure of value for averting a negative outcome (US EPA, 2022d). WTP 

values can be elicited from surveys or inferred from observed behavior. For the valuation of 

premature mortality (our health impact of interest), we employ the value of a statistical life 

(VSL). VSL is calculated by the summation of individuals’ WTP to avoid small increases in 

mortality risk over a pool of individuals (US EPA, 2022e).  

 

For our purpose, we use the standard VSL adopted by the US EPA, which is equal to $10.3 

million (in 2022 inflation-adjusted dollars; 2022$).9 To estimate the total health damages (for 

premature mortality) of PM2.5 from Permian Basin O&G emissions for 2017, we multiply the 

VSL by the total number of premature deaths attributable to PM2.5 from O&G emissions. 

 
9 All monetary damage estimates shown in this section are in 2022 inflation-adjusted dollars, which we abbreviate 

as 2022$. We use the US Bureau of Economic Analysis (BEA) Implicit Price Deflator for the inflation adjustment 

(US BEA, 2022). 
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Figure 13 presents the results of these calculations. Shown are the total premature mortality 

damages of PM2.5 from Permian Basin O&G emissions for 2017, by precursor pollutant type 

(different colors) and by location (shades of the same color). We estimate that nationwide, across 

the US, total premature mortality damages are $6.57 billion (2022$) due to Permian Basin O&G 

emissions. Damages in the Permian Basin proper total $2.16 billion (2022$), equivalent to 33% 

of the nationwide total. This implies that 67%, or $4.41 billion (2022$), of health damages from 

PM2.5 associated with Permian Basin O&G emissions are occurring outside of the basin; in other 

Texas and New Mexico communities, in neighboring states, and elsewhere across the US. 

 

We further estimate that the health damages in Texas alone, including its section of the Permian 

Basin region, total $3.25 billion (2022$), and that the damages in New Mexico alone, also 

including its portion of the Permian Basin, total $371 million (2022$). These results therefore 

suggest that Texas is experiencing substantially more of the PM2.5 health damage burden than 

New Mexico, which can largely be explained by population differences (Texas has more people 

than New Mexico, increasing population exposure) and prevailing west-to-east wind patterns that 

carry PM2.5 generally eastward from the Permian Basin (across Texas and neighboring states). 

Premature mortality damages in Texas constitute 49%, or nearly half, of all nationwide US 

damages associated with PM2.5 from the Permian Basin O&G sector. By contrast, New Mexico’s 

share of total nationwide damages is only 5.6%.   

 

VOC emissions that form PM2.5 from O&G activity are the single largest source of premature 

mortality damages in the Permian Basin and across the US, consistent with earlier sections 

showing large VOC emissions across the basin. Emissions of NOX also generate substantial 

health damages, mostly in states outside of Texas and New Mexico.  

 

We estimate that for each metric ton of Permian Basin O&G precursor emissions in 2017, 

$19,700 (2022$) in health damages are created from NOX, $7,400 in damages are created from 

VOC, $29,200 in damages are created from SO2, and $65,250 in damages are created from 

emissions of primary PM2.5. Thus, while VOC emissions from O&G lead to the largest number 

of total attributable deaths, per metric ton of emissions, they are actually the least damaging 

precursor pollutant. By contrast, primary PM2.5 emissions (i.e., direct emissions of PM2.5), while 

there are relatively few of them in the Permian Basin O&G sector (see Figures 5 & 6), are the 

most health damaging per unit emitted. 

 

By combining data from Figures 2 and 13 (on O&G production and health damages, 

respectively), we calculate that for each $1 in revenue generated from Permian Basin O&G 

activity in 2017, $0.11 in damages are created nationwide from premature mortality associated 

with PM2.5 from O&G activity in the basin. This is a key finding of this work. Put differently, 

$0.11 is our best estimate of the magnitude of the human health externality (for premature 

mortality from PM2.5) created for each $1 in revenue obtained from the sale of oil and gas in the 
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Permian Basin. The magnitude of this estimate suggests that the health externality created from 

O&G PM2.5 is not trivial. 

 

 
Figure 13: Monetary health damages (for premature mortality; adults 25+) associated with PM2.5 

exposure from Permian Basin O&G precursor emissions, by precursor pollutant type (different 

colors) and by location of impact (shades of the same color), for 2017. Each small square box is 

equivalent to $1 million (2022$) in premature mortality damages. Total damages (in billions of 

2022$) listed in black text for each precursor type and location (calculated as the sum of all small 

boxes for each precursor-location). Source: authors’ calculations. 
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7. Conclusions and Policy Implications  

 

In this paper, we investigated the human health impacts and economic damages of PM2.5 

pollution attributable to O&G activity in the Permian Basin region of New Mexico and Texas. 

PM2.5 is studied because it is known to be the most damaging air pollutant to human health. 

Through emissions of precursor pollutants (VOC, NOX, and SO2) and through emissions of 

primary PM2.5, we found that the O&G sector is having appreciable impacts on both regional and 

national PM2.5 concentrations. Elevated levels of PM2.5 pollution have negative impacts on the 

health and welfare of residents of Texas and New Mexico, primarily, but also to lesser degrees 

on people and communities throughout the US due to atmospheric dispersion of pollution.  

 

To the best of our knowledge, this paper is the first rigorous study of PM2.5 health impacts and 

damages due to Permian Basin O&G activity. Studying this topic is important given continued 

interest and growth of oil and gas production in this region. Empirical estimates of the negative 

economic externalities associated with O&G production can be a useful input for policymakers 

who are tasked with weighing the benefits (of which there are many) and costs of the Permian 

Basin O&G sector when developing evidence-based policy.  

 

We developed a comprehensive data set of Permian Basin O&G sector emissions in New Mexico 

and Texas over 2011-2017 using NEI data from the US EPA. Using the most recent year of NEI 

emissions data available (year 2017), we then performed a modeling attribution analysis to 

connect O&G emissions to PM2.5 concentrations. This allowed us to isolate the direct effect of 

emissions on PM2.5 levels. Finally, we estimated the premature mortality impacts and associated 

economic damages of attributable PM2.5 from the Permian Basin O&G sector. 

 

Our key findings are: 

 

● The single largest source of PM2.5 in the Permian Basin is from VOC emissions tied to 

O&G activity. The single largest source of these VOC emissions is oil well tanks. 

● Total ambient PM2.5 concentrations in the Permian Basin are below both US national and 

southwest US regional averages. This is likely due to low background sources of PM2.5, 

unrelated to O&G activity. 

● In 2017, we estimate that, nationwide, 638 premature deaths were associated with PM2.5 

from the Permian Basin O&G sector. Out of the nationwide total, 212 deaths (33%) 

occurred in the Permian Basin while 426 deaths (67%) occurred outside of the basin, in 

other parts of Texas and New Mexico, but also in neighboring states and beyond.  

● Nearly 50% of total nationwide premature deaths due to Permian Basin O&G PM2.5 

occurred in Texas, in 2017. By contrast, New Mexico’s share was only 5.6%. 

● Nationwide, total premature mortality damages of Permian Basin O&G-sourced PM2.5 

were $6.57 billion (2022$) in 2017. Damages in the Permian Basin proper were $2.16 
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billion (2022$), equivalent to 33% of the nationwide total. Texas experienced $3.25 

billion (2022$) in associated premature mortality damages in 2017 (nearly 50% of 

nationwide total damages), while damages in New Mexico totaled $371 million (2022$) 

(5.6% of nationwide damages). 

● We estimate that for each $1 in revenue generated from the sale of oil and gas in the 

Permian Basin in 2017, $0.11 in damages were created nationwide from premature 

mortality associated with PM2.5 from O&G activity in the basin. 

 

The evidence indicates that the state experiencing most of the PM2.5-related health impacts and 

damages of Permian Basin O&G activity is Texas. New Mexico, by contrast, experiences 

substantially fewer impacts. This is primarily driven by population differences between the two 

states (which determines the population exposed) and prevailing west-to-east wind patterns that 

push precursor emissions and PM2.5 out of New Mexico towards Texas and other eastern states. 

 

As a policy relevant observation, we find no evidence that the Permian Basin region, in either 

Texas or New Mexico, has PM2.5 levels that are at or near current NAAQS standards set by the 

US EPA. An implication of this finding is that O&G activity, to the extent that it is having a 

measurable effect on PM2.5 concentrations in the Permian Basin, is not pushing the region out of 

compliance with current federal air quality standards for PM2.5. Over 2010-2020, PM2.5 levels in 

the Permian Basin, from all sources, including O&G, averaged 6.16 µg/m3. For reference, the 

current NAAQS primary standard for PM2.5 is set at 12.0 µg/m3, annually averaged over three 

consecutive years. Ongoing discussions by the US EPA to lower the primary PM2.5 NAAQS 

limit to 9-10 µg/m3 would still be above our average estimates of Permian Basin PM2.5 

concentrations. Of course, individual specific locations or counties may differ from the regional 

averages, and therefore out-of-compliance hotspots are possible within the Permian Basin. Our 

focus on averages can miss such cases. 

 

Lastly, for regulators and policymakers concerned about PM2.5 levels in the Permian Basin (and 

their associated human health damages), we emphasize that VOC emissions from O&G activity 

are the single largest source of emissions in the basin. Specifically, VOC emissions from oil well 

tanks. Policies targeted at controlling, to the extent possible, oil well tank emissions will have 

potentially large effects on reducing the health impacts and damages associated with the O&G 

sector. 

  



40 

8. References  

 

Adgate, J. L., Goldstein, B. D., & McKenzie, L. M. (2014). Potential Public Health Hazards, 

Exposures and Health Effects from Unconventional Natural Gas Development. 

Environmental Science & Technology, 48(15), 8307–8320. 

https://doi.org/10.1021/es404621d 

Apte, J. S., Marshall, J. D., Cohen, A. J., & Brauer, M. (2015). Addressing Global Mortality 

from Ambient PM2.5. Environmental Science & Technology, 49(13), 8057–8066. 

https://doi.org/10.1021/acs.est.5b01236 

Burnett, R., Chen, H., Szyszkowicz, M., Fann, N., Hubbell, B., Pope III, C. A., ... & Spadaro, J. 

V. (2018). Global estimates of mortality associated with long-term exposure to outdoor 

fine particulate matter. Proceedings of the National Academy of Sciences, 115(38), 9592-

9597.  

California Air Resources Board. (n.d.). Inhalable Particulate Matter and Health (PM2.5 and 

PM10). Accessed January 10, 2023: https://ww2.arb.ca.gov/resources/inhalable-

particulate-matter-and-health 

Cao, J., Chow, J. C., Lee, F. S. C., & Watson, J. G. (2013). Evolution of PM2.5 Measurements 

and Standards in the U.S. and Future Perspectives for China. Aerosol and Air Quality 

Research, 13(4), 1197–1211. https://doi.org/10.4209/aaqr.2012.11.0302   

Centers for Disease Control and Prevention. (2021). National Vital Statistics System, Mortality 

1999-2020 on CDC WONDER Online Database. Data are from the Multiple Cause of 

Death Files, 1999-2020, as compiled from data provided by the 57 vital statistics 

jurisdictions through the Vital Statistics Cooperative Program. Accessed January 30, 

2023: http://wonder.cdc.gov/ucd-icd10.html. 

Chen, Y., Sherwin, E. D., Berman, E. S. F., Jones, B. B., Gordon, M. P., Wetherley, E. B., Kort, 

E. A., & Brandt, A. R. (2022). Quantifying Regional Methane Emissions in the New 

Mexico Permian Basin with a Comprehensive Aerial Survey. Environmental Science & 

Technology, 56(7), 4317–4323. https://doi.org/10.1021/acs.est.1c06458 

Dockery, D. W., Pope, C. A., Xu, X., Spengler, J. D., Ware, J. H., Fay, M. E., Ferris, B. G., & 

Speizer, F. E. (1993). An Association between Air Pollution and Mortality in Six U.S. 

Cities. New England Journal of Medicine, 329(24), 1753–1759. 

https://doi.org/10.1056/NEJM199312093292401 

Economic, Labor, and Employment Overview Lea, Chaves and Eddy Counties. (2021). Chmura 

Economics & Analytics. Accessed April 5, 2023:  

https://www.nmlegis.gov/handouts/ALESC%20062321%20Item%209%20.3a%20-

%20Workforce%20Needs%20In%20SENM%20-

%20NM%20Eastern%20Area%20Workforce%20Dev%20Board%20-

%20Lea%20Chaves%20Eddy%20Report%20Beth.pdf  

Fann, N., Baker, K. R., Chan, E. A. W., Eyth, A., Macpherson, A., Miller, E., & Snyder, J. 

(2018). Assessing Human Health PM2.5 and Ozone Impacts from U.S. Oil and Natural 

https://doi.org/10.1021/es404621d
https://doi.org/10.1021/es404621d
https://doi.org/10.1021/es404621d
https://doi.org/10.1021/acs.est.5b01236
https://doi.org/10.1021/acs.est.5b01236
https://doi.org/10.1021/acs.est.5b01236
https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-health
https://ww2.arb.ca.gov/resources/inhalable-particulate-matter-and-health
https://doi.org/10.4209/aaqr.2012.11.0302
https://doi.org/10.4209/aaqr.2012.11.0302
https://www3.epa.gov/region1/airquality/nox.html
http://wonder.cdc.gov/ucd-icd10.html
https://doi.org/10.1021/acs.est.1c06458
https://doi.org/10.1021/acs.est.1c06458
https://doi.org/10.1056/NEJM199312093292401
https://doi.org/10.1056/NEJM199312093292401
https://doi.org/10.1056/NEJM199312093292401
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://www.nmlegis.gov/handouts/ALESC%20062321%20Item%209%20.3a%20-%20Workforce%20Needs%20In%20SENM%20-%20NM%20Eastern%20Area%20Workforce%20Dev%20Board%20-%20Lea%20Chaves%20Eddy%20Report%20Beth.pdf
https://www.nmlegis.gov/handouts/ALESC%20062321%20Item%209%20.3a%20-%20Workforce%20Needs%20In%20SENM%20-%20NM%20Eastern%20Area%20Workforce%20Dev%20Board%20-%20Lea%20Chaves%20Eddy%20Report%20Beth.pdf
https://www.nmlegis.gov/handouts/ALESC%20062321%20Item%209%20.3a%20-%20Workforce%20Needs%20In%20SENM%20-%20NM%20Eastern%20Area%20Workforce%20Dev%20Board%20-%20Lea%20Chaves%20Eddy%20Report%20Beth.pdf
https://www.nmlegis.gov/handouts/ALESC%20062321%20Item%209%20.3a%20-%20Workforce%20Needs%20In%20SENM%20-%20NM%20Eastern%20Area%20Workforce%20Dev%20Board%20-%20Lea%20Chaves%20Eddy%20Report%20Beth.pdf


41 

Gas Sector Emissions in 2025. Environmental Science & Technology, 52(15), 8095–

8103. https://doi.org/10.1021/acs.est.8b02050 

Feng, S., Gao, D., Liao, F., Zhou, F., & Wang, X. (2016). The health effects of ambient PM2.5 

and potential mechanisms. Ecotoxicology and Environmental Safety, 128, 67–74. 

https://doi.org/10.1016/j.ecoenv.2016.01.030 

Frank, N. (2012). The chemical composition of PM2.5 to support PM implementation. US EPA. 

Accessed April 5, 2023: 

https://archive.epa.gov/ttn/pm/web/pdf/pm2.5_chemical_composition.pdf  

Goodkind, A. L., Tessum, C. W., Coggins, J. S., & Marshall, J. D. (2019). Fine-scale Damage 

Estimates of Particulate Matter Air Pollution Reveal Opportunities for Location-specific 

Mitigation of Emissions. Proceedings of the National Academy of Sciences of the United 

States of America, 116(18), 8775-8780. https://doi.org/10.1073/pnas.1816102116 

Hill, E., & Ma, L. (2017). Shale Gas Development and Drinking Water Quality. American 

Economic Review, 107(5), 522–525. https://doi.org/10.1257/aer.p20171133 

Loomis, J., & Haefele, M. (2017). Quantifying Market and Non-market Benefits and Costs of 

Hydraulic Fracturing in the United States: A Summary of the Literature. Ecological 

Economics, 138, 160–167. https://doi.org/10.1016/j.ecolecon.2017.03.036 

Manson, S., Schroeder, J., Van Riper, D., Kugler, T., and Ruggles, S. (2022). IPUMS National 

Historical Geographic Information System: Version 17.0 [dataset]. Minneapolis, MN: 

IPUMS. http://doi.org/10.18128/D050.V17.0 

McIntosh, J. C., Hendry, M. J., Ballentine, C., Haszeldine, R. S., Mayer, B., Etiope, G., Elsner, 

M., Darrah, T. H., Prinzhofer, A., Osborn, S., Stalker, L., Kuloyo, O., Lu, Z.-T., Martini, 

A., & Lollar, B. S. (2019). A Critical Review of State-of-the-Art and Emerging 

Approaches to Identify Fracking-Derived Gases and Associated Contaminants in 

Aquifers. Environmental Science & Technology, 53(3), 1063–1077. 

https://doi.org/10.1021/acs.est.8b05807 

Moatari-Kazerouni, A. (2019). Strategic Advances in Environmental Impact Assessment: 

Challenges of Unconventional Shale Gas Extraction. Nova Science Publishers. 

Mothorpe, C., & Wyman, D. (2021). What the Frack? The Impact of Seismic Activity on 

Residential Property Values. Journal of Housing Research, 30(1), 34–58. 

https://doi.org/10.1080/10527001.2020.1827579 

National Geographic Society. (2022). How Hydraulic Fracturing Works. Accessed April 5, 

2023: https://education.nationalgeographic.org/resource/how-hydraulic-fracturing-works 

New Mexico Energy, Minerals, and Natural Resources Department. (2022). OCD Permitting—

Expanded Production Injection Summary. Accessed April 5, 2023: 

https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProd

uctionInjectionSummaryReport.aspx 

New Mexico Energy, Minerals and Natural Resources Department. (2023). New Mexico Oil 

Conservation Division Natural Gas and Oil Production. OCD Statistics. Accessed April 

5, 2023: 

https://doi.org/10.1021/acs.est.8b02050
https://doi.org/10.1016/j.ecoenv.2016.01.030
https://doi.org/10.1016/j.ecoenv.2016.01.030
https://doi.org/10.1016/j.ecoenv.2016.01.030
https://archive.epa.gov/ttn/pm/web/pdf/pm2.5_chemical_composition.pdf
https://doi.org/10.1073/pnas.1816102116
https://doi.org/10.1257/aer.p20171133
https://doi.org/10.1016/j.ecolecon.2017.03.036
http://doi.org/10.18128/D050.V17.0
https://doi.org/10.1021/acs.est.8b05807
https://doi.org/10.1021/acs.est.8b05807
https://doi.org/10.1021/acs.est.8b05807
https://doi.org/10.1080/10527001.2020.1827579
https://doi.org/10.1080/10527001.2020.1827579
https://doi.org/10.1080/10527001.2020.1827579
https://education.nationalgeographic.org/resource/how-hydraulic-fracturing-works
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%09https:/wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx


42 

https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProd

uctionInjectionSummaryReport.aspx           

NMED. (n.d.). Ozone Attainment Initiative. New Mexico Environment Department. Accessed 

December 20, 2022: https://www.env.nm.gov/air-quality/o3-initiative/  

NM Oil & Gas Association. (2021). Fueling New Mexico 2021 Full Report. Accessed April 5, 

2023: 

https://d3n8a8pro7vhmx.cloudfront.net/nmoga/pages/849/attachments/original/16395159

70/NMOGA_Fueling_New_Mexico_2021_Full_Report.pdf?1639515970  

New York State Department of Health. (2005). The Facts About Ammonia. 

https://www.health.ny.gov/environmental/emergency/chemical_terrorism/ammonia_tech.

htm  

Office of the Texas Comptroller. (2022). Regional Reports. Accessed April 5, 2023: 

https://comptroller.texas.gov/economy/economic-data/regions/2022/ 

Oil and Gas Sector Ozone Precursor Pollutants. (2022). New Mexico Environment Department. 

Accessed April 5, 2023: https://www.env.nm.gov/air-quality/wp-

content/uploads/sites/2/2022/07/Oil-and-Gas-Sector-Ozone-Precursor-Polutants-Final-

rule-20.2.50-NMAC-06Jul22.pdf 

Papadogeorgou, G., Kioumourtzoglou, M. A., Braun, D., & Zanobetti, A. (2019). Low Levels of 

Air Pollution and Health: Effect Estimates, Methodological Challenges, and Future 

Directions. Current Environmental Health Reports, 6(3), 105–115. 

https://doi.org/10.1007/s40572-019-00235-7  

Polichetti, G., Cocco, S., Spinali, A., Trimarco, V., & Nunziata, A. (2009). Effects of particulate 

matter (PM10, PM2.5 and PM1) on the cardiovascular system. Toxicology, 261(1–2), 1–

8. https://doi.org/10.1016/j.tox.2009.04.035 

Railroad Commission of Texas. (n.d.). Permian Basin Information & Statistics. Accessed 

December 8, 2022: https://www.rrc.texas.gov/oil-and-gas/major-oil-and-gas-

formations/permian-basin/  

Research & Polling Inc. (2021). New Mexico Counties Population Change 2000 to 2010 and 

2010 to 2020 (estimate). Accessed April 5, 2023: 

https://www.nmlegis.gov/Redistricting2021/Documents/NM_Counties_2020_Official_ta

ble.pdf 

Robertson, A. M., Edie, R., Field, R. A., Lyon, D., McVay, R., Omara, M., Zavala-Araiza, D., & 

Murphy, S. M. (2020). New Mexico Permian Basin Measured Well Pad Methane 

Emissions Are a Factor of 5–9 Times Higher Than U.S. EPA Estimates. Environmental 

Science & Technology, 54(21), 13926–13934. https://doi.org/10.1021/acs.est.0c02927 

State of New Mexico. (2021). Natural gas waste reduction rules now in effect. Energy, Minerals 

and Natural Resources Department. Accessed April 5, 2023: 

https://www.emnrd.nm.gov/officeofsecretary/wp-

content/uploads/sites/2/NaturalGasWasteRuleInEffect052521.pdf    

TCEQ. (2023). GeoTAM. Texas Commission on Environmental Quality. Accessed December 20, 

2022: 

https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%09https:/wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%C2%A0%20%09https:/wwwapps.emnrd.nm.gov/ocd/ocdpermitting/Reporting/Production/ExpandedProductionInjectionSummaryReport.aspx
https://d3n8a8pro7vhmx.cloudfront.net/nmoga/pages/849/attachments/original/1639515970/NMOGA_Fueling_New_Mexico_2021_Full_Report.pdf?1639515970
https://d3n8a8pro7vhmx.cloudfront.net/nmoga/pages/849/attachments/original/1639515970/NMOGA_Fueling_New_Mexico_2021_Full_Report.pdf?1639515970
https://d3n8a8pro7vhmx.cloudfront.net/nmoga/pages/849/attachments/original/1639515970/NMOGA_Fueling_New_Mexico_2021_Full_Report.pdf?1639515970
https://d3n8a8pro7vhmx.cloudfront.net/nmoga/pages/849/attachments/original/1639515970/NMOGA_Fueling_New_Mexico_2021_Full_Report.pdf?1639515970
https://www.health.ny.gov/environmental/emergency/chemical_terrorism/ammonia_tech.htm
https://www.health.ny.gov/environmental/emergency/chemical_terrorism/ammonia_tech.htm
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://comptroller.texas.gov/economy/economic-data/regions/2022/
https://www.env.nm.gov/air-quality/wp-content/uploads/sites/2/2022/07/Oil-and-Gas-Sector-Ozone-Precursor-Polutants-Final-rule-20.2.50-NMAC-06Jul22.pdf
https://www.env.nm.gov/air-quality/wp-content/uploads/sites/2/2022/07/Oil-and-Gas-Sector-Ozone-Precursor-Polutants-Final-rule-20.2.50-NMAC-06Jul22.pdf
https://www.env.nm.gov/air-quality/wp-content/uploads/sites/2/2022/07/Oil-and-Gas-Sector-Ozone-Precursor-Polutants-Final-rule-20.2.50-NMAC-06Jul22.pdf
https://doi.org/10.1007/s40572-019-00235-7
https://doi.org/10.1007/s40572-019-00235-7
https://doi.org/10.1007/s40572-019-00235-7
https://doi.org/10.1016/j.tox.2009.04.035
https://doi.org/10.1016/j.tox.2009.04.035
https://www.rrc.texas.gov/oil-and-gas/major-oil-and-gas-formations/permian-basin/
https://www.rrc.texas.gov/oil-and-gas/major-oil-and-gas-formations/permian-basin/
https://www.rrc.texas.gov/oil-and-gas/major-oil-and-gas-formations/permian-basin/
https://www.nmlegis.gov/Redistricting2021/Documents/NM_Counties_2020_Official_table.pdf
https://www.nmlegis.gov/Redistricting2021/Documents/NM_Counties_2020_Official_table.pdf
https://www.nmlegis.gov/Redistricting2021/Documents/NM_Counties_2020_Official_table.pdf
https://www.nmlegis.gov/Redistricting2021/Documents/NM_Counties_2020_Official_table.pdf
https://doi.org/10.1021/acs.est.0c02927
https://www.emnrd.nm.gov/officeofsecretary/wp-content/uploads/sites/2/NaturalGasWasteRuleInEffect052521.pdf
https://www.emnrd.nm.gov/officeofsecretary/wp-content/uploads/sites/2/NaturalGasWasteRuleInEffect052521.pdf
https://tceq.maps.arcgis.com/apps/webappviewer/index.html?id=ab6f85198bda483a997a6956a8486539


43 

https://tceq.maps.arcgis.com/apps/webappviewer/index.html?id=ab6f85198bda483a997a

6956a8486539 

TIPRO. (2020). A Decade of the Permian Basin. Texas Independent Producers and Royalty 

Owners Association. Accessed April 5, 2023: https://www.tipro.org/newsroom/tipro-

energy-reports?id=267 

The County Information Program, Texas Association of Counties. (2020). Texas Counties: Land 

Area. Accessed April 5, 2023: 

https://txcip.org/tac/census/morecountyinfo.php?MORE=1005 

The Perryman Group. (2020). Preserving the Permian Basin Energy Sector and the Odessa 

Economy through the COVID-19 and Related Oil Market Challenges. Accessed April 5, 

2023: https://www.perrymangroup.com/media/uploads/report/perryman-keeping-it-

together-05-15-20.pdf 

The Railroad Commission of Texas. (n.d.). Oil & Gas Production Data Query. Accessed 

December 14, 2022: http://webapps.rrc.state.tx.us/PDQ/generalReportAction.do 

UN Environment Programme. (2021). Methane emissions are driving climate change. Here’s 

how to reduce them. United Nations Environment Programme. Accessed April 5, 2023: 

http://www.unep.org/news-and-stories/story/methane-emissions-are-driving-climate-

change-heres-how-reduce-them 

US Bureau of Economic Analysis (US BEA). (2022). Gross Domestic Product: Implicit Price 

Deflator [GDPDEF]. Retrieved from FRED, Federal Reserve Bank of St. Louis. 

https://fred.stlouisfed.org/series/GDPDEF 

US Census Bureau. (2021). U.S. Census Bureau QuickFacts: Eddy County, New Mexico; 

Roosevelt County, New Mexico; Chaves County, New Mexico; Lea County, New Mexico; 

New Mexico. Accessed April 5, 2023: 

https://www.census.gov/quickfacts/fact/table/eddycountynewmexico,rooseveltcountynew

mexico,chavescountynewmexico,leacountynewmexico,NM/LND110220 

US Energy Information Administration (US EIA). (2018). Hydraulically fractured horizontal 

wells account for most new oil and natural gas wells. Accessed April 5, 2023: 

https://www.eia.gov/todayinenergy/detail.php?id=34732 

US Energy Information Administration (US EIA). (2021). Rankings: Natural Gas Marketed 

Production, 2021. Accessed December 14, 2022: 

https://www.eia.gov/state/rankings/?sid=NM#series/47 

US Energy Information Administration (US EIA). (2022a). Rankings: Crude Oil Production, 

August 2022. Accessed December 14, 2022: 

https://www.eia.gov/state/rankings/?sid=NM#/series/46 

US Energy Information Administration (US EIA). (2022b). Advances in technology led to record 

new well productivity in the Permian Basin in 2021. Accessed April 5, 2023: 

https://www.eia.gov/todayinenergy/detail.php?id=54079 

US Energy Information Administration (US EIA). (2023). Year-Over-Year Summary Drilling 

Productivity Report. Accessed April 5, 2023: 

https://www.eia.gov/petroleum/drilling/pdf/summary.pdf 

https://tceq.maps.arcgis.com/apps/webappviewer/index.html?id=ab6f85198bda483a997a6956a8486539
https://tceq.maps.arcgis.com/apps/webappviewer/index.html?id=ab6f85198bda483a997a6956a8486539
https://www.tipro.org/newsroom/tipro-energy-reports?id=267
https://www.tipro.org/newsroom/tipro-energy-reports?id=267
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://txcip.org/tac/census/morecountyinfo.php?MORE=1005
https://www.perrymangroup.com/media/uploads/report/perryman-keeping-it-together-05-15-20.pdf
https://www.perrymangroup.com/media/uploads/report/perryman-keeping-it-together-05-15-20.pdf
http://webapps.rrc.state.tx.us/PDQ/generalReportAction.do
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
http://www.unep.org/news-and-stories/story/methane-emissions-are-driving-climate-change-heres-how-reduce-them
http://www.unep.org/news-and-stories/story/methane-emissions-are-driving-climate-change-heres-how-reduce-them
https://fred.stlouisfed.org/series/GDPDEF
https://www.census.gov/quickfacts/fact/table/eddycountynewmexico,rooseveltcountynewmexico,chavescountynewmexico,leacountynewmexico,NM/LND110220
https://www.census.gov/quickfacts/fact/table/eddycountynewmexico,rooseveltcountynewmexico,chavescountynewmexico,leacountynewmexico,NM/LND110220
https://www.census.gov/quickfacts/fact/table/eddycountynewmexico,rooseveltcountynewmexico,chavescountynewmexico,leacountynewmexico,NM/LND110220
https://www.census.gov/quickfacts/fact/table/eddycountynewmexico,rooseveltcountynewmexico,chavescountynewmexico,leacountynewmexico,NM/LND110220
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://www.eia.gov/todayinenergy/detail.php?id=34732
https://www.eia.gov/state/rankings/?sid=NM#series/47
https://www.eia.gov/state/rankings/?sid=NM#series/47
https://www.eia.gov/state/rankings/?sid=NM#series/47
https://www.eia.gov/state/rankings/?sid=NM#/series/46
https://www.eia.gov/state/rankings/?sid=NM#/series/46
https://www.eia.gov/state/rankings/?sid=NM#/series/46
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://www.eia.gov/todayinenergy/detail.php?id=54079
https://www.eia.gov/petroleum/drilling/pdf/summary.pdf


44 

US Environmental Protection Agency (US EPA). (n.d.). Nitrogen Oxides Control Regulations | 

Ground-level Ozone | New England | US EPA [Overviews & Factsheets]. Accessed 

November 17, 2022: https://www3.epa.gov/region1/airquality/nox.html  

US Environmental Protection Agency (US EPA). (2014a). NAAQS Table [Other Policies and 

Guidance]. Accessed April 5, 2023: https://www.epa.gov/criteria-air-pollutants/naaqs-

table  

US Environmental Protection Agency (US EPA). (2014b). Volatile Organic Compounds’ Impact 

on Indoor Air Quality [Overviews and Factsheets]. Accessed April 5, 2023: 

https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compounds-impact-indoor-

air-quality  

US Environmental Protection Agency (US EPA). (2016a). Particulate Matter (PM) Basics 

[Overviews and Factsheets]. Accessed April 5, 2023: https://www.epa.gov/pm-

pollution/particulate-matter-pm-basics 

US Environmental Protection Agency (US EPA). (2016b). Sulfur Dioxide Basics [Overviews 

and Factsheets]. Accessed April 5, 2023: https://www.epa.gov/so2-pollution/sulfur-

dioxide-basics  

US Environmental Protection Agency (US EPA). (2019). PM2.5 Precursor Guidance. EPA-

454/R-19-004. Accessed April 5, 2023: https://www.epa.gov/sites/default/files/2019-

05/documents/transmittal_memo_and_pm25_precursor_demo_guidance_5_30_19.pdf 

US Environmental Protection Agency (US EPA). (2021). PM2.5 Design Values, 2021. Accessed 

April 5, 2023: https://www.epa.gov/system/files/documents/2022-

05/PM25_DesignValues_2019_2021_FINAL_05_24_22.xlsx 

US Environmental Protection Agency (US EPA). (2022a). Health and Environmental Effects of 

Particulate Matter (PM) [Overviews and Factsheets]. Accessed April 5, 2023: 

https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-

pm  

US Environmental Protection Agency (US EPA). (2022b). EPA Announces Flyovers in the 

Permian Basin in New Mexico and Texas (Multi-State Regions, New Mexico, Texas) 

[News Release]. Accessed April 5, 2023: https://www.epa.gov/newsreleases/epa-

announces-flyovers-permian-basin-new-mexico-and-texas  

US Environmental Protection Agency (US EPA). (2022c). National Emissions Inventory (NEI). 

Accessed April 5, 2023: https://www.epa.gov/air-emissions-inventories/2017-national-

emissions-inventory-nei-data  

US Environmental Protection Agency (US EPA). (2022d). Benefits and Costs of the Clean Air 

Act 1990-2020. Report Documents and Graphics. Accessed April 5, 2023: 

https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-

report-documents-and-graphics  

US Environmental Protection Agency (US EPA). (2022e). Environmental Benefits Mapping and 

Analysis Program – Community Edition: User’s Manual. Accessed April 5, 2023: 

https://www3.epa.gov/region1/airquality/nox.html
https://www3.epa.gov/region1/airquality/nox.html
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/criteria-air-pollutants/naaqs-table
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compounds-impact-indoor-air-quality
https://www.epa.gov/indoor-air-quality-iaq/volatile-organic-compounds-impact-indoor-air-quality
https://www.epa.gov/pm-pollution/particulate-matter-pm-basics
https://www.epa.gov/pm-pollution/particulate-matter-pm-basics
https://www.epa.gov/so2-pollution/sulfur-dioxide-basics
https://www.epa.gov/so2-pollution/sulfur-dioxide-basics
https://www.epa.gov/sites/default/files/2019-05/documents/transmittal_memo_and_pm25_precursor_demo_guidance_5_30_19.pdf
https://www.epa.gov/sites/default/files/2019-05/documents/transmittal_memo_and_pm25_precursor_demo_guidance_5_30_19.pdf
https://www.epa.gov/system/files/documents/2022-05/PM25_DesignValues_2019_2021_FINAL_05_24_22.xlsx
https://www.epa.gov/system/files/documents/2022-05/PM25_DesignValues_2019_2021_FINAL_05_24_22.xlsx
https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-pm
https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-pm
https://www.epa.gov/newsreleases/epa-announces-flyovers-permian-basin-new-mexico-and-texas
https://www.epa.gov/newsreleases/epa-announces-flyovers-permian-basin-new-mexico-and-texas
https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data
https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data
https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-report-documents-and-graphics
https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-report-documents-and-graphics


45 

https://www.epa.gov/sites/default/files/2015-04/documents/benmap-

ce_user_manual_march_2015.pdf  

US Environmental Protection Agency (US EPA). (2023). National Ambient Air Quality 

Standards (NAAQS) for PM [Other Policies and Guidance]. Accessed April 5, 2023: 

https://www.epa.gov/pm-pollution/national-ambient-air-quality-standards-naaqs-pm 

van Donkelaar, A., Hammer, M. S., Bindle, L., Brauer, M., Brook, J. R., Garay, M. J., N. Hsu, 

C., Kalashnikova, O. V., Kahn. R. A., Lee, C., Levy, R. C., Lyapustin, A., Sayer, A. M., 

& Martin, R. V. (2021). Monthly Global Estimates of Fine Particulate Matter and Their 

Uncertainty. Environmental Science & Technology, 55(22), 15287-15300. 

https://doi.org/10.1021/acs.est.1c05309 

Weingarten, M., Ge, S., Godt, J. W., Bekins, B. A., & Rubinstein, J. L. (2015). High-rate 

injection is associated with the increase in U.S. mid-continent seismicity. Science, 

348(6241), 1336–1340. 

Xing, Y.-F., Xu, Y.-H., Shi, M.-H., & Lian, Y.-X. (2016). The impact of PM2.5 on the human 

respiratory system. Journal of Thoracic Disease, 8(1), E69–E74. 

https://doi.org/10.3978/j.issn.2072-1439.2016.01.19 

Yang, Y., Pei, Y., Gu, Y., Zhu, J., Yu, P., & Chen, X. (2023). Association between short-term 

exposure to ambient air pollution and heart failure: An updated systematic review and 

meta-analysis of more than 7 million participants. Frontiers in Public Health, 10, 

948765. https://doi.org/10.3389/fpubh.2022.948765 

Zanobetti, A., & Schwartz, J. (2009). The Effect of Fine and Coarse Particulate Air Pollution on 

Mortality: A National Analysis. Environmental Health Perspectives, 117(6), 898–903. 

https://doi.org/10.1289/ehp.0800108 

https://www.epa.gov/sites/default/files/2015-04/documents/benmap-ce_user_manual_march_2015.pdf
https://www.epa.gov/sites/default/files/2015-04/documents/benmap-ce_user_manual_march_2015.pdf
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
file:///C:/Users/agoodkind/Documents/UNM/Research/NM%20PM/
https://www.epa.gov/pm-pollution/national-ambient-air-quality-standards-naaqs-pm
https://doi.org/10.1021/acs.est.1c05309
https://doi.org/10.3978/j.issn.2072-1439.2016.01.19
https://doi.org/10.3978/j.issn.2072-1439.2016.01.19
https://doi.org/10.3978/j.issn.2072-1439.2016.01.19
https://doi.org/10.3389/fpubh.2022.948765
https://doi.org/10.3389/fpubh.2022.948765
https://doi.org/10.1289/ehp.0800108
https://doi.org/10.1289/ehp.0800108
https://doi.org/10.1289/ehp.0800108

