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Environmental Defense Fund respectfully submits the following comments on the Environmental 

Protection Agencyôs (ñEPAò) ñPolicy Assessment for the Reconsideration of the National 

Ambient Air Quality Standards for Particulate Matter, External Review Draft.ò 86 Fed. Reg. 

56,263 (Oct. 8, 2021). Environmental Defense Fund is a nonpartisan, science-based environmental 

organization with more than two million members across the country who are deeply concerned 

about the health, environmental, and economic impacts of air pollution and support 

implementation of strong, science-based National Ambient Air Quality Standards (ñNAAQSò) 

that ensure public health and the environment are protected.   

 

There is an extensive and growing body of scientific evidence demonstrating that the current, 

national health-based standard for particulate matter is not requisite to protect public health with 

an adequate margin of safety and must be substantially strengthened.  We appreciate EPAôs 

decision to reconsider the particulate matter standards and urge the agency to strengthen the 

particulate matter standards in line with this body of scientific evidence.  Our comments below 

first briefly discuss EPAôs legal obligations under the Clean Air Act and address some of this 

scientific evidence. 
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I. EPAôs Legal Obligations Under the NAAQS Program 

 

A. EPAôs Role in Setting and Revising the NAAQS 

 

The Clean Air Act Amendments of 1970, which established EPAôs responsibility to set and 

maintain enforceable NAAQS, were intended to be ña drastic remedy to what was perceived as a 

serious and otherwise uncheckable problem of air pollution.ò1 Thus the 1970 amendments, and 

specifically the NAAQS program itself, ñcarrie[d] the promise that ambient air in all parts of the 

country shall have no adverse effects upon any Americanôs health.ò2  

 

The NAAQS program answers the Clean Air Actôs requirements for controlling emissions of 

conventional air pollutants and forms the framework upon which many other important Clean Air 

Act (CAA) programs are built upon. Once EPA establishes a NAAQS, states and EPA identify 

those geographic areas that fail to meet the standards.3 Each state must prepare an ñimplementation 

planò designed to control pollutant emissions in order to reduce the ambient concentrations of the 

pollutant to below the level of the NAAQS and to keep it there.4  

 

The CAA provides a clear process for EPA to follow in establishing NAAQS. The first step in 

establishing a NAAQS involves identifying those pollutants, the ñemissions of which, in [EPAôs] 

judgment, cause or contribute to air pollution which may reasonably be anticipated to endanger 

public health or welfare,ò and ñthe presence of which in the ambient air results from numerous or 

diverse mobile or stationary sources.ò5 Once EPA identifies a pollutant, it must select a NAAQS 

that is based on air quality criteria reflecting ñthe latest scientific knowledge useful in indicating 

the kind and extent of all identifiable effects on public health or welfare which may be expected 

from the presence of such pollutant in the ambient air.ò6  

 

Primary NAAQS must be set at a level ñrequisite to protect the public healthò with ñan adequate 

margin of safety.ò7 To ensure that the NAAQS keep pace with scientific understanding and 

continue to provide the necessary protection, EPA must review and revise as appropriate the 

underlying air quality criteria and the NAAQS themselves at least every five years.8 Any primary 

NAAQS that EPA promulgates under these provisions must be requisite to protect public health 

and provide an adequate margin of safety, in order to prevent any known or anticipated health-

related effects from polluted air. Further, the statute makes clear that there are significant 

limitations on the discretion granted to EPA in selecting a level for the NAAQS. In exercising its 

judgment, EPA must err on the side of protecting public health,9 and may not consider cost or 

 
1 Union Electric Co. v. EPA, 427 U.S. 246, 256 (1976). 
2 116 Cong. Rec. 42,329, 42,381 (Dec. 18, 1970). 
3 42 U.S.C. § 7407(d). 
4 Id. at § 7410. 
5 Id. at § 7408(a)(1)(A), (B). 
6 Id. at § 7408(a)(2). 
7 Id. at § 7409(b)(1). 
8 Id. at § 7409(d)(1).  
9 See, e.g., Am. Trucking Assôns v. EPA, 283 F.3d 355, 369 (D.C. Cir. 2002) (establishing that per the terms of the 

Clean Air Act, in cases of uncertainty EPA ñmust err on the side of cautionò in terms of protecting health and 

welfare). 
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feasibility in connection with establishing the numerical NAAQS or other important elements of 

the standard (e.g., form of the standard, averaging time, etc.).10 The D.C. Circuit summed up EPAôs 

mandate succinctly: 

 

Based on these comprehensive [air quality] criteria and taking account of the ñpreventativeò and 

ñprecautionaryò nature of the act, é the Administrator must then decide what margin of safety 

will protect the public health from the pollutantôs adverse effects ï not just known adverse effects, 

but those of scientific uncertainty or that ñresearch has not yet uncovered.ò é Then, and without 

reference to cost or technological feasibility, the Administrator must promulgate national standards 

that limit emissions sufficiently to establish that margin of safety.11 Costs and feasibility are fully 

considered when states develop plans to put in place measures to restore healthy air quality. 

 

B. NAAQS Must Be Set at a Level That Protects Everyone 

 

In setting or revising a primary NAAQS, section 109 of the Clean Air Act requires that EPA assure 

the protection of public health with an adequate margin of safety. This mandate ñcarries the 

promise that ambient air in all parts of the country shall have no adverse effects upon any 

Americanôs health.ò12 In other words, because ñEPA interprets the Clean Air Act as providing 

citizens the opportunity to pursue their normal activities in a healthy environment,ò13 the agency 

cannot deny Americans protection from the effects of air pollution by claiming that the people 

experiencing those effects are insufficiently numerous, or that levels that are likely to cause 

adverse health effects occur only in areas that are infrequently visited.14 Further, EPA cannot deny 

protection against adverse health and welfare effects merely because those effects are confined to 

subgroups of the population or to persons especially sensitive to air pollution.15  

 

Finally, where scientific evidence confirms that, at levels allowed by current NAAQS, adverse 

effects occur year after year in numerous individuals, risks are by definition ñsignificantò enough 

 
10 In Whitman v. Am. Trucking Assôns, 531 U.S. 457 (2001), Justice Scalia, writing for a unanimous Supreme Court, 

found that the plain language of the Clean Air Act makes clear that economic costs cannot be considered when 

establishing a standard: ñWere it not for the hundreds of pages of briefing respondents have submitted on the issue, 

one would have thought it fairly clear that this text does not permit the EPA to consider costs in setting the 

standards.ò Id. at 465. 
11 American Lung Assôn v. EPA, 134 F.3d 388, 389 (D.C. Cir. 1998) (citations omitted); see also Whitman, 531 U.S. 

at 464-71. Each of these requirements is discussed in more detail below. 
12 116 Cong. Rec. at 42,381 (remarks of Senator Muskie). 
13 44 Fed. Reg. 8202, 8210 (Feb. 8, 1979). 
14 See also 116 Cong. Rec. 32,821, 32,901 (Sept. 21, 1970) (remarks of Senator Muskie) (ñThis bill states that all 

Americans in all parts of the Nation should have clean air to breathe, air that will have no adverse effects on their 

health.ò); 116 Cong. Rec. 32,981, 33,114 (Sept. 22, 1970) (remarks of Senator Nelson) (ñThis bill before us is a firm 

congressional statement that all Americans in all parts of the Nation should have clean air to breathe, air which does 

not attack their health.ò); id. at 33,116 (remarks of Senator Cooper) (ñThe committee modified the Presidentôs 

proposal somewhat so that the national ambient air quality standard for any pollution agent represents the level of air 

quality necessary to protect the health of persons.ò); 116 Cong. Rec. 42,329, 42,392 (Dec. 18, 1970) (remarks of 

Senator Randolph) (ñwe have to insure the protection of the health of the citizens of this Nation, and we have to 

protect against environmental insults -- for when the health of the Nation is endangered, so is our welfare, and so is 

our economic prosperityò); id. at 42,523 (remarks of Congressman Vanik) (ñHuman health and comfort has been 

placed in the priority in which it belongs -- first place.ò). 
15 See, e.g., Natôl Envtl. Devôt Assônôs Clean Air Project v. EPA, 686 F.3d 803, 810 (D.C. Cir. 2012). 
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to require protection under the Actôs protective and precautionary approach.16 That is all the more 

true where the effects involved include highly serious ones like death and hospitalization.17  

 

C. EPA Must Err on The Side of Protecting Public Health When There Is 

Scientific Uncertainty 

 

The D.C. Circuit has characterized the NAAQS as ñpreventive in nature,ò18 and held that the 

CAAôs mandate requires that in considering uncertainty EPA ñmust err on the side of cautionò in 

terms of protecting health and welfare.19 ñThe [Clean Air] Act requires EPA to promulgate 

protective primary NAAQS even where é the pollutantôs risks cannot be quantified or óprecisely 

identified as to nature or degree.ôò20 Thus, in keeping with the precautionary and preventative 

nature of the NAAQS, EPA must set standards that protect against potential adverse health 

effectsðnot just those impacts that have been well established by science.21  

 

In the seminal case on the NAAQS, the D.C. Circuit found that Congress ñspecifically directed the 

Administrator to allow an adequate margin of safety to protect against effects which have not yet 

been uncovered by research and effects whose medical significance is a matter of disagreement.ò22 

Limited data are not an excuse for failing to establish the level at which there is an absence of 

adverse effect.23 To the contrary, ñCongressô directive to the Administrator to allow an óadequate 

margin of safetyô alone plainly refutes any suggestion that the Administrator is only authorized to 

set primary air quality standards which are designed to protect against health effects that are known 

to be clearly harmful.ò24  

 

In another case dealing with this same ñmargin of safetyò requirement, the D.C. Circuit rejected 

industryôs argument that EPA was required to document ñproof of actual harmò as a prerequisite 

to regulation, instead upholding EPAôs conclusion that the Act contemplates regulation where 

there is ña significant risk of harm.ò25 Noting the newness of many human alterations of the 

environment, the court found: 

 

Sometimes, of course, relatively certain proof of danger or harm from such modifications can be 

readily found. But, more commonly, ñreasonable medical concernsò and theory long precede 

 
16 See H. Rep. No. 95- 294, at 43-51 (1977); Ethyl Corp. v. EPA, 541 F.2d 1 (D.C. Cir. 1976) (en banc). 
17 See Ethyl Corp., 541 F.2d at 18 (ñthe public health may properly be found endangered é by a lesser risk of a greater 

harmò). 
18 Ethyl Corp., 541 F.2d at 15; see also H. Rep. No. 95-294, at 49-51 (explaining amendments designed inter alia 

ñ[t]o emphasize the preventive or precautionary nature of the act, i.e., to assure that regulatory action can effectively 

prevent harm before it occursò). 
19 Am. Trucking Assôns v. EPA, 283 F.3d 355, 369 (D.C. Cir. 2002). 
20 Id.  
21 See id. at 369 (citing 1997 Ozone NAAQS, 62 Fed. Reg. 38,857 (1997) (section 109(b)(1)ôs ñmargin of safety 

requirement was intended to address uncertainties associated with inconclusive scientific and technical information 

... as well as to provide a reasonable degree of protection against hazards that research has not yet identifiedò)); see 

also API v. EPA, 684 F.3d 1342, 1352 (D.C. Cir. 2012). 
22 Lead Indus. Assôn v. EPA, 647 F.2d 1130, 1154 (D.C. Cir. 1980). 
23 See id. at 1154-55. 
24 Id. 
25 Ethyl Corp., 541 F.2d at 12-13. 
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certainty. Yet the statutes and common-sense demand regulatory action to prevent harm, even if 

the regulator is less than certain that harm is otherwise inevitable.26 

 

Thus, as discussed above, EPA must take a protective and precautionary approach that errs on the 

side of caution in interpreting uncertainty. 

 

D. EPA Must Establish NAAQS That Protect Vulnerable Subpopulations 

 

Importantly, the NAAQS must be set at levels that are not only adequate to protect the average 

member of the population, but also guard against adverse effects in vulnerable subpopulations, 

such as children, the elderly, and people with heart and lung disease. In fact, the D.C. Circuit has 

repeatedly found that if a certain level of a pollutant ñadversely affects the health of these sensitive 

individuals, EPA must strengthen the entire national standard.ò27  

 

The drafters of the 1970 Clean Air Act Amendments made clear that the millions of Americans 

subject to respiratory ailments are entitled to the protection of the NAAQS: ñIncluded among those 

persons whose health should be protected by the ambient standard are particularly sensitive 

citizens such as bronchial asthmatics and emphysematics who in the normal course of daily activity 

are exposed to the ambient environment.ò28 As the D.C. Circuit has explained: ñ[i]n its effort to 

reduce air pollution, Congress defined public health broadly. NAAQS must protect not only 

average healthy individuals, but also ñsensitive citizensò ï children, for example, or people with 

asthma, emphysema, or other conditions rendering them particularly vulnerable to air pollution.ò29 

Stated another way, NAAQS must ñbe set at a level at which there is óan absence of adverse effectô 

on these sensitive individuals.ò30  

 

E. The Only Lawful Consideration in Setting NAAQS Is the Effect Of The 

Pollutant In the Air on Health and Welfare 

 

It is well-established that the Act requires EPA to set health- and welfare-protective NAAQS for 

a pollutant based solely on the health and welfare effects caused by that pollutant in the ambient 

air, without regard to the sources of the pollutant or any costs of implementing the standards.31  

 
26 Id. at 25; accord Indus. Union Dept. v. Am. Petroleum Inst., 448 U.S. 607, 655-56 (1980) (agency need not 

support finding of significant risk ñwith anything approaching scientific certainty,ò but rather must have ñsome 

leeway where its findings must be made on the frontiers of scientific knowledge,ò and ñis free to use conservative 

assumptions in interpreting the data,ò ñrisking error on the side of overprotection rather than underprotectionò). 
27 American Lung Assôn, 134 F.3d at 390 (citation omitted); see also Coal. of Battery Recyclers Assôn v. EPA, 604 

F.3d 613, 618 (D.C. Cir. 2010); Am. Farm Bureau Fedôn v. EPA, 559 F.3d 512, 524 (D.C. Cir. 2009). EPA must 

also build into the NAAQS an adequate margin of safety for these sensitive subpopulations. See Am. Farm Bureau 

Fedôn, 559 F.3d at 526. 
28 S. Rep. No. 91-1196, at 10 (1970). 
29 American Lung Assôn, 134 F.3d at 390 (citations omitted); Natôl Envtl. Devôt Assônôs Clean Air Project, 684 F.3d 

at 810. 
30 Lead Indus. Assôn, 647 F.2d at 1153. 
31 See e.g., Whitman, 531 U.S. at 465, 469; Am. Trucking Assôns v. EPA, 175 F.3d 1027, 1040-41 (D.C. Cir. 1999), 

rehôg granted in other part and denied in part, 195 F.3d 4 (D.C. Cir. 1999) affôd in relevant part sub nom. Whitman, 

531 U.S. 457; NRDC v. EPA, 902 F.2d 962, 972-73 (D.C. Cir. 1990), vacated in unrelated part by 921 F.2d 326 

(D.C. Cir. 1991); NRDC v. EPA, 824 F.2d 1146, 1157, 1159 (D.C. Cir. 1987) (en banc); Am. Petroleum Inst. v. 

Costle, 665 F.2d 1176, 1185 (D.C. Cir. 1981); Lead Indus. Assôn, 647 F.2d at 1148-50 & n.39. 
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There is no room for doubt about this conclusion. In 2001, Justice Scalia, writing for a unanimous 

Supreme Court, found that the plain language of the statute makes clear that economic costs cannot 

be considered when establishing a standard: ñWere it not for the hundreds of pages of briefing 

respondents have submitted on the issue, one would have thought it fairly clear that this text does 

not permit the EPA to consider costs in setting the standards.ò32 The D.C. Circuitôs case law, which 

governs NAAQS, had long been consistent with this holding. For example, in 1981, the D.C. 

Circuit upheld the 1979 ozone standards against the argument that EPA had to consider the 

standardsô ñattainability,ò which natural and other background levels might affect.33 The D.C. 

Circuit later explained, ñ[i]t is only health effects relating to pollutants in the air that EPA may 

consider.ò34  

 

II.  Available Health Science Points to the Need for a Substantially Stronger PM2.5 

Standard  

The Policy Assessment for the reconsideration of the NAAQS for PM evaluates the scientific 

evidence and quantitative risk information to evaluate the ñadequacy of the public health protection 

afforded by the current primary annual and 24-hour PM2.5 standardsò and ñthe range of potential 

alternative standards é supported by the available scientific evidence, air quality and risk 

informationò. The evidence points to health harms from PM2.5 below the current standard, and 

accordingly, EDF urges EPA to move forward expeditiously to substantially strengthen the annual 

PM standard.  

 

A. Acting on Air Pollution is a Public Health Imperative 

 

While we have made dramatic improvement in overall air quality, current estimates attribute 60 

thousand35 to 200 thousand deaths36 per year in the United States to PM2.5 exposure. Beyond the 

impact on mortality, PM2.5 exposure also results in ischemic heart disease, stroke, COPD, lung 

cancer, and diabetes.  

The 2019 Integrated Science Assessment determines causal relationships between short and long 

term exposure to PM2.5 and mortality and cardiovascular disease, and likely causal association 

 
32 Whitman, 531 U.S. at 465. 
33 Am. Petroleum Inst., 665 F.2d at 1185, 1190. 
34 NRDC, 902 F.2d at 973 (emphasis in original). 
35 Institute for Health Metrics and Evaluation (IHME). GBD Compare. Seattle, WA: IHME, University of 

Washington, 2015. Available from http://vizhub.healthdata.org/gbd-compare. (Accessed [12/7/2021]) 
36 Bowe, Benjamin, et al. "Burden of cause-specific mortality associated with PM2. 5 air pollution in the United 

States." JAMA network open 2.11 (2019): e1915834-e1915834.  

The study by Bowe et al 2019 (estimating ~ 200,000 deaths per year) develop exposure response functions for non-

accidental deaths and non-communicable disease (controlling for  age, race, sex, smoking status, and regional 

characteristics of population density, ADI, percentage of population living in a rural area, percentage with limited 

access to healthy food, percentage with adequate access to exercise opportunities, and percentage of adults reporting 

excessive drinking).using EPA model and monitor down scaled estimates of PM2.5 exposure and mortality data 

from a cohort of 4.5 million veterans  across the country followed over a decade (2006-2016).  These are then 

applied to the entire adult population across the contiguous United States to estimate the burden of disease. 
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between long term exposures and respiratory effects, nervous system effects and cancer.37 The 

Supplement to the 2019 PM ISA finds that recent studies published since the cut off for inclusion 

in the 2019 ISA further support these causal determinations.38 Non communicable diseases such 

as those linked to PM2.5 exposure are the leading cause of death and disability. About 659,000 

people in the United States die from heart disease each yearðthatôs 1 in every 4 deaths.  And heart 

disease costs the United States about $363 billion each year from 2016 to 2017. This includes the 

cost of healthcare services, medicines, and lost productivity due to death.39  

Additionally, comments submitted to EPA by Professor Joel Schwartz on the Supplement to the 

2019 PM ISA identify over 20 new studies, on dementia, Alzheimerôs Disease and autism, that 

have not been considered in the supplement and increase the evidence base for effects on the 

nervous system, potentially warranting reconsideration of the causal determination for this 

outcome. In 2020, as many as 5.8 million Americans were living with Alzheimerôs disease.40 

Further, there has been a new systematic review and meta-analysis of the impact of PM2.5 on 

adverse perinatal outcomes, which finds consistent evidence of association between long term 

PM2.5 exposure and risk of low birth weight (40 studies) and preterm birth (40 studies) including 

several studies carried out in Canada and the United States.41 Currently 8%  and 10% of all babies 

born every year  in the United States are low birthweight (less than 2500 grams) and preterm births. 

Premature and low birth weight babies may have more health problems or need to stay in the 

hospital longer than other babies. Some of these babies also face long-term health effects, like 

problems that affect the brain, lungs, hearing or vision and have higher risk of developing heart, 

lung diseases and diabetes in later life. Pooled estimates of air pollution effects across all studies 

in the meta- analysis, indicated 22 grams (95% UI: 12, 32) lower birth weight, 11% greater risk of 

LBW (1.11, 95% UI: 1.07, 1.16), and 12% greater risk of PTB (1.12, 95% UI: 1.06, 1.19), per 10 

ɛg/m3 higher exposure to ambient PM2.5. Lowering PM2.5 exposures in America down to the 

theoretical minimum risk level would prevent 2000 low birth weight babies and 11,000 preterm 

births every year.42  

Both short- and long-term exposures to PM2.5 are associated with significant impact on 

hospitalizations and health care costs.  For example, a recent study in the Medicare cohort found 

that each 1 ɛg/m3 increase in short-term average fine particulate matter levels was associated with 

an average annual increase of 3,642 hospital admissions, 20,098 total days in the hospital and $69 

million in hospital and post-acute care costs for well-established disease outcomes, in the Medicare 

program across the country. The authors also found that daily changes in 24-hour PM2.5 across the 

 
37 EPA. CPHEA, ORD, Supplement to the 2019 Integrated Science Assessment for Particulate Matter (External 

Review Draft). EPA/600/R-21/198 September 2021 Center 
38 Policy Assessment 2021. Table 3-1. Key causality determinations for PM2.5 and UFP exposures. Page 3-19 
39 CDC. Heart Disease Facts. https://www.cdc.gov/heartdisease/facts.htm. Accessed 12/7/2022 
40 CDC. Alzheimer's Disease and Related Dementias. https://www.cdc.gov/aging/aginginfo/alzheimers.htm 
41 Ghosh, Rakesh, et al. "Ambient and household PM2. 5 pollution and adverse perinatal outcomes: A meta-

regression and analysis of attributable global burden for 204 countries and territories." PLoS medicine 18.9 (2021): 

e1003718. 
42 Ghosh, Rakesh, et al. "Ambient and household PM2. 5 pollution and adverse perinatal outcomes: A meta-

regression and analysis of attributable global burden for 204 countries and territories." PLoS medicine 18.9 (2021): 

e1003718. Supporting information. S2 Table. Numerical estimates for the Figs 2ï5 shown in each of the global 

maps; CDC. Fast stats. Birth weight and Gestation. https://www.cdc.gov/nchs/fastats/birthweight.htm. 

https://www.marchofdimes.org/complications/premature-babies.aspx
https://www.marchofdimes.org/complications/long-term-health-effects-of-premature-birth.aspx
https://www.cdc.gov/heartdisease/facts.htm
https://journals.plos.org/plosmedicine/article/file?type=supplementary&id=info:doi/10.1371/journal.pmed.1003718.s004
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003718#pmed-1003718-g002
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1003718#pmed-1003718-g005
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cohort was associated with an increased risk of several common causes of hospital admissions 

including sepsis or septicemia, a life-threatening reaction to a bacterial infection in the 

bloodstream; fluid and electrolyte disorders; kidney failure; and intestinal obstructions.  

 

For these diseases, each 1 ɛg/m3 increase in short-term average fine particulate matter levels was 

associated with an average annual increase of 2,050 hospital admissions, 12,216 total days in the 

hospital and $31 million in hospital and post-acute care costs. These associations remained 

consistent even when restricted to days below the current PM2.5NAAQS 24-hour standard of 

25 ɛg/m3 in this time stratified, case crossover study.43  

 

Currently Medicare is the largest program in the federal budget representing 12% of the federal 

spending. Acting on air pollution is a public health imperative with wide ranging benefits to the 

health and economy of the nation. 

 

B. A Strong and Growing Body of Scientific Evidence Points to Health Harms 

from PM2.5 Exposure Below the Current Standard 

 

1. There is Strong Epidemiological Evidence of Health Harms Below the 

Current Standards  

 

There is now a large body of evidence documenting the health harms of PM2.5 at levels below the 

current standards. This includes studies where air pollution levels across the entire duration of the 

study were never above the current standard, studies that restrict the analysis of impacts to 

subpopulations never exposed to PM2.5 above the current annual standard, and studies that use 

causal inference methods and include significant sizes of populations exposed to PM2.5 below the 

current standard. This evidence has bearing on our understanding of health effects below the 

current NAAQS, including below 8 ɛg/m3.  

 

In the Policy Assessment, Figure 3-3 to Figure 3-4 summarize information across U.S. and 

Canadian studies that document the impact of long term PM2.5 exposure on mortality and morbidity 

endpoints which are assessed in the 2019 ISA and draft ISA Supplement.44 Mean, 25th percentile 

or minimum PM2.5 concentrations, measured by monitors, across many of these studies were below 

10ɛg/m3.45 Most of these studies do not find a threshold for the impacts of PM2.5 on the health 

outcomes. Modeled PM2.5 exposures in the studies, especially in Canada, are consistently below 

10 ɛg/m3 along with several based in the United States which are at or below 10 ɛg/m3. Further, 

in Figure 3-8 to Figure 3-10 (reproduced below) mean, 25th and 10th percentile exposures are 

 
43 Wei, Yaguang, et al. "Short term exposure to fine particulate matter and hospital admission risks and costs in the 

Medicare population: time stratified, case crossover study." bmj 367 (2019). 
44 U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for 

Particulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA-

452/P-21-001, October 2021. Page 3-73 - 3-74.  
45 Weichthal et al 2016a, McConnel et al 2010, Miller et al 2007, Kiomortzouglou et al 2016, Eum et al 2018: 

central region.  
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plotted across several studies in the United States and Canada (including studies with monitored 

exposures at 6ɛg/m3).46 

 

 

 
46 U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for 

Particulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA-

452/P-21-001, October 2021. Page 3-104 - 3-106.  
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In the current PA, EPA states: 

 

ñWe note that, while we consider studies from Canada in our evaluation of the 3 

epidemiologic evidence, there are considerable differences between studies conducted in 

the U.S. and in Canada, particularly those related to population densities, PM2.5 

concentration gradients, and source distributions in the two countries. As a result, while 

we consider the information from studies conducted in Canada, we generally place a 

greater emphasis on U.S.- based studies.ò47 

  

This down weighting of the evidence from Canada seems unwarranted, given that in the 2019 ISA, 

in the Supplement to the 2019 ISA and in the current PA EPA finds that ñthat the evidence does 

not indicate that any one source or component is consistently more strongly related with health 

effects than PM2.5 mass.ò48 Additionally, studies indicate that quite a large proportion of air 

pollution in urban areas of Canada are due to transboundary air pollution from the United States,49 

which make up a majority of the populations studied in the epidemiological studies. 

 

The difference in population density patterns and exposure range are poor grounds to downgrade 

the evidence from these studies since these are unlikely to bias the estimation and shape of the 

 
47 Policy Assessment 2021. Section 3.3.3.2.1. PM2.5 Air Quality Distributions Associated with Mortality or 

Morbidity in Key Epidemiologic Studies. Page 3- 69 
48 EPA. CPHEA, ORD, Supplement to the 2019 Integrated Science Assessment for Particulate Matter (External 

Review Draft), Section 1.5.4 (2019) EPA/600/R-21/198 
49 Jeong, CheolïHeon, et al. "Receptor model based identification of PM2. 5 sources in Canadian cities." 

Atmospheric Pollution Research 2.2 (2011): 158-171; Ministry of the Environment, Conservation and Parks 

Ontario. Canadian Ambient Air Quality Standards. https://www.ontario.ca/document/air-quality-ontario-2017-

report/canadian-ambient-air-quality-standards Accessed 12/09/2021 

https://www.ontario.ca/document/air-quality-ontario-2017-report/canadian-ambient-air-quality-standards
https://www.ontario.ca/document/air-quality-ontario-2017-report/canadian-ambient-air-quality-standards
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concentration response functions. The lower exposures in the studies carried out in Canada should 

in fact lend themselves to the consideration of the impacts of PM2.5 exposures at levels below the 

current standards. Additionally, many of the studies carried out in Canada are of high quality, with 

large population-based cohorts, better tracking and have detailed assessment of confounding at an 

individual level. Though not comprehensive, these studies generally show consistent evidence of 

harm, even at levels substantially below the current NAAQS, including at concentrations below 8 

µg/m3. Some of the following studies are covered in Tables 3-10 and 3-11 in the Policy 

Assessment.50  

 

In a study published in Environmental Epidemiology, Abu Awad et al. performed a causal analysis 

restricted to people who were never exposed above 12 µg/m3. The lowest concentration in this 

study was 5 µg/m3. Awad et al. found strong associations between PM2.5 exposures in that range 

and annual death rates among the Medicare beneficiaries. Moreover, since the association was 

with change in exposure after moving and stratified on ZIP code of initial residence (that is, it only 

compared people who moved to other people who moved from the same ZIP code) the association 

cannot reflect past exposures, which were the same for all the movers from the same ZIP code.51   

 

In a study published in Environment International, Danesh Yazdi et al. examined the effect of 

long-term exposure to PM2.5 and O3 and hospital admissions for serious illnesses in Medicare 

participants in the Southeast U.S. When restricted to concentrations below 12 µg/m3 for PM2.5 and 

70 ppb for O3, Yazdi et al. reported the significant associations of PM2.5 with strokes, chronic 

obstructive pulmonary disease, heart attacks, pneumonia, lung cancer, and heart failure, as shown 

in the table below. For the southeast specifically, the PM2.5 model had an R2 of 0.86 and performed 

well even at low concentrations. Plots of predicted pollutant levels vs measured pollutant levels 

maintained a linear trend at lower values. 52 

 

  

 

Hayes and coworkers examined PM2.5 and cardiovascular deaths in the NIH-AARP Diet and 

Health Study. They reported that compared to people exposed to PM2.5 < 8 µg/m3, those exposed 

 
50 U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for 

Particulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA-

452/P-21-001, October 2021. Page 3-115 - 3-119.  
51 Awad, Yara Abu, et al. "Change in PM2. 5 exposure and mortality among Medicare recipients: Combining a 

semi-randomized approach and inverse probability weights in a low exposure population." Environmental 

Epidemiology (Philadelphia, Pa.) 3.4 (2019). 
52 Yazdi, Mahdieh Danesh, et al. "Long-term exposure to PM2. 5 and ozone and hospital admissions of Medicare 

participants in the Southeast USA." Environment international 130 (2019): 104879. 
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to between 8 and 12 µg/m3 had an elevated risk of cardiovascular deaths (HR 1.04; 95% CI 1.00-

1.08).53  

 

Schwartz published a paper using propensity score causal modeling that directly analyzed the 

effect of PM2.5 on life expectancy instead of mortality rate. He found that compared to a population 

exposed to 12 µg/m3, the same population exposed to 7.5 µg/m3 would have a 0.89 year longer 

average life expectancy.  The 25th percentile of PM2.5 in this study was 7.33 µg/m3and 70% of the 

person-years had exposures of <12µg/m3.54  

 

Wei et al.55 fit a propensity score model that examined the effect of PM2.5 on deaths after 

sequentially truncating the population to only include those exposed below different thresholds. If 

the concentration response were linear, sequential truncation would result in the same effect size 

in the people exposed below each sequential cutpoint. If the relationship is steeper at lower 

concentration, the effect size estimates would increase, while if it was less steep or exhibited a 

threshold, the effect size estimates would decrease. This analysis also controlled for co-pollutants. 

Rather than relative risks, they estimated the absolute probability of dying each day as a function 

of annual PM2.5. As shown below a significant association was seen even when restricted to 

exposures below 8 µg/m3, and the effect sizes increase at lower concentrations, indicating a steeper 

slope at lower concentrations.  

 

 

The probabilities displayed in the figure above are the probability of dying in one day, since days 

were the unit of time analyzed. Hence a finding of an increased probability of å 5x10-6 of dying 

per day for a 1 µg/m3 increment in PM2.5 starting from 8 µg/m3 becomes å1.8x10-3 per year. 

Carcinogens are generally regulated if they have a 1x10-5 increased risk in 70 years.56 

 

 
53 Hayes, Richard B., et al. "PM2. 5 air pollution and cause-specific cardiovascular disease mortality." International 

journal of epidemiology 49.1 (2020): 25-35. 
54 Schwartz, Joel D., et al. "Estimating the effects of PM 2.5 on life expectancy using causal modeling 

methods." Environmental health perspectives 126.12 (2018): 127002. 
55 Wei, Yaguang, et al. "Causal effects of air pollution on mortality rate in Massachusetts." American journal of 

epidemiology 189.11 (2020): 1316-1323. 
56 Wei, Yaguang, et al. "Causal effects of air pollution on mortality rate in Massachusetts." American journal of 

epidemiology 189.11 (2020): 1316-1323. 
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Yitshak-Sade and coworkers (2020) used propensity score matching to examine the effect of daily 

PM2.5. They divided days in Massachusetts into those above 10.6 µg/m3 (the 75th percentile) and 

those below. They matched people above and below 10.6 µg/m3 who had the same propensity 

score and found a causal effect of being above 10.6 µg/m3 on cardiovascular hospital admissions 

with over 10,000 additional cases attributable to being at the higher exposure.57 

 

Danesh Yazdi 2021 analyzed the Medicare population restricted to people exposed to PM2.5 < 12 

µg/m3. She reported a significant association with mortality in a doubly robust model. The 25th 

percentile exposure in this population was 6.8 ɛg/m3. The authors estimate approximately 11 540 

attributable deaths (95% CI 11 087ï11 992) for every unit increase in PM2.5.
58  

 

Schwartz 2021 used a novel self-controlled design (which is a robust method for controlling for 

confounding) which compared exposure in the year subjects died to exposure of the same subject 

in all eligible years. During the 16 years of follow-up of 6,452,618 people in the study, 46% of the 

participants never had annual PM2.5 exceed 12 ɛg/m3 in any year. When the analysis was 

restricted to concentrations below 12 µg/m3 the authors reported a stronger association. Notably, 

this analysis was stratified by individual, with no contrast between people. Hence all individual 

level slowly varying covariates, measured or unmeasured, cannot confound in this study design. 

The association was found to be larger among black populations.59 

 

Another study by Wei and coworkers (2021) examined mortality risks in 74 million Medicare 

participants. Controlling for co-pollutant exposures and using a propensity score approach they 

reported significant associations with PM2.5 down to the lowest exposure level. The effects are 

shown below. 

 

 
57 Yitshak-Sade, Maayan, et al. "Lowering Air Pollution Levels in Massachusetts May Prevent Cardiovascular 

Hospital Admissions." Journal of the American College of Cardiology 75.20 (2020): 2642-2644. 
58 Yazdi, Mahdieh Danesh, et al. "Long-term effect of exposure to lower concentrations of air pollution on mortality 

among US Medicare participants and vulnerable subgroups: a doubly-robust approach." The Lancet Planetary 

Health 5.10 (2021): e689-e697. 
59 Schwartz, Joel D., et al. "A self-controlled approach to survival analysis, with application to air pollution and 

mortality." Environment International 157 (2021): 106861. 
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Specifically, the RRs of mortality associated with chronic exposure to PM2.5 was 1.022 [95% 

confidence interval (CI), 1.018ï1.025] at 6.60 µg/m3 (the 2nd decile group) compared to the lowest 

decile of exposure.60  

 

Pinault analyzed the Canadian Community Health Survey cohort of 300,000 people across Canada 

and found PM2.5 was associated with non-accidental (HR = 1.26; 95 % CI: 1.19-1.34) and 

circulatory disease (HR = 1.19; 95 % CI: 1.07-1.31) mortality.61 The mean annual PM2.5 in the 

study was 6.3 µg/m3 and the 95th percentile was 11.3 µg/m3. Hence essentially the entire 

association occurred below the current NAAQS. An analysis comparing model fit at multiple 

possible thresholds found the best fit for a threshold of 0 µg/m3. 

Vodonos et al. conducted a meta-analysis in 2018 that examined over 100 effect estimates from 

52 cohorts, 14 of which had mean exposures below 10 µg/m3. They considered studies showing 

cardiovascular mortality impacts and all-cause mortality impacts. Integrating the literature, they 

found that the effect size for all cause deaths varied with the mean PM2.5 concentration, with the 

slope increasing at lower concentrations (supralinear effect). This is shown in the following plot 

from the paper, showing the slope of the CR curve Vs mean PM2.5 concentration. It shows the 

confidence interval does not include 0 down to 5 µg/m3 or less.  

 
The Vodonos analysis also reports summary effects for cardiovascular mortality (1.46 (1.25ï1.67), 

respiratory mortality 1.13 (0.85ï1.41), and Lung Cancer (1.22 (0.87ï1.39). This should be cited 

as supporting the conclusion of effects down to 5 µg/m3 and supporting effects for cardiovascular, 

respiratory, and Lung Cancer deaths. Importantly, the analysis found effect modification by the 

type of exposure assessment for PM2.5. Specifically, studies using exposure assignment that had 

less exposure error produced larger effect size estimates than studies with more exposure error. 

This deals with a contentious issue about the role of exposure error in these studies. 62  

 
60 Wei, Yaguang, et al. "Emulating causal dose-response relations between air pollutants and mortality in the 

Medicare population." Environmental Health 20.1 (2021): 1-10. 
61 Pinault, Lauren, et al. "Risk estimates of mortality attributed to low concentrations of ambient fine particulate 

matter in the Canadian community health survey cohort." Environmental health 15.1 (2016): 1-15. 
62 Vodonos, Alina, Yara Abu Awad, and Joel Schwartz. "The concentration-response between long-term PM2. 5 

exposure and mortality; a meta-regression approach." Environmental research 166 (2018): 677-689. 
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Another similar assessment of evidence of PM2.5 impacts on all cause and cause specific mortality 

was undertaken by Chen and Hoek in 202063 and the World Health Organization Air Quality 

Guideline 202164 working group in order to develop guideline levels of long term PM2.5, that is, 

the lowest levels of exposure for which there is evidence of adverse health effects. The systematic 

review on PM2.5 and all non-accidental mortality (Chen & Hoek, 2020) found an indication of a 

supralinear relationship, suggesting a steeper risk increase at lower exposure levels. The certainty 

of the evidence was considered high according to GRADE and reported meta-analytic effect 

estimate of RR of 1.08 (95% CI: 1.06- 1.09). In order to determine the Air Quality Guideline 

(AQG) the working group evaluated the lowest levels in the 25 studies included in the meta-

analysis. The five lowest levels reported or estimated in these studies were 3.0 µg/m³ (Pinault et 

al., 2016), 3.2 µg/m³ (Cakmak et al., 2018), 3.5 µg/m³ (Pinault et al., 2017), 4.8 µg/m³ (Villeneuve 

et al., 2015) and 6.7 µg/m³ (Weichenthal et al., 2014), making up 25% of the weight of the studies 

in the meta-analysis.  The WHO working group after consideration of cause specific mortality 

risks chose a AQG of 5 µg/m³ for the annual PM2.5. 

The supplemental ISA describes other studies with similar findings. It states: 

ñWang et al. (2020) and Ward-Caviness et al. (2020) observed linear, no-threshold 

concentration response relationships for total (nonaccidental) mortality, with confidence 

in the relationship down to a concentration of 5 and 9 µg/m³, respectively. Using exposure 

categories (i.e., quintiles of exposure) to estimate the shape of the concentration-response 

relationship, Elliott et al. (2020) report evidence that supports a monotonic (linear) 

function.  

Studies that relied on data from Canadian cohorts evaluated the shape of the 

concentration-response relationship using a Shape Constrained Health Impact Function 

(SCHIF) approach to model the function (Zhang et al., 2021; Christidis et al., 2019; Pappin 

et al., 2019; Pinault et al., 2017). The SCHIF approach, developed by Nasari et al. (2016), 

fits a class of flexible, but monotonically non-decreasing functions to select the best fitting 

model of the concentration-response relationship. Most of the studies that used the SCHIF 

approach (Christidis et al., 2019; Pappin et al., 2019; Pinault et al., 2017) identified a 

supralinear concentration-response relationship at relatively low PM2.5 concentrations (<5 

µg/m³) (for example, see Figure 3-27). In contrast, Zhang et al. (2021) applied the SCHIF 

approach to their analysis of the Ontario Health Study and identified a sublinear 

concentration-response relationship, with a more shallow slope observed for PM2.5 

concentrations <8 µg/m³. Analyses of exposure categories (i.e., quartiles) by Zhang et al. 

(2021) provides additional support for a sublinear concentration-response relationship. A 

similar sublinear relationship was reported by Pope et al. (2019) for a U.S. cohort (Figure 

3-28).  

 

 
63 Chen, Jie, and Gerard Hoek. "Long-term exposure to PM and all-cause and cause-specific mortality: a systematic 

review and meta-analysis." Environment international (2020): 105974. 
64 World Health Organization. "WHO global air quality guidelines: particulate matter (PM2. 5 and PM10), ozone, 

nitrogen dioxide, sulfur dioxide and carbon monoxide." (2021). 
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In addition to statistical analyses of the concentration-response relationship, several 

studies conducted threshold analyses to estimate associations between all-cause mortality 

and PM2.5 concentrations below a certain concentration. Pinault et al. (2017) reported that 

HRs remained positive and statistically significant when examining cut-point categories of 

0ī5 and 5ī10 Õg/mį, with the highest HRs for the 0ī5 Õg/mį category, consistent with the 

supralinear concentration-response function estimated by the SCHIF analysis. Wang et al. 
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(2020) observed that HRs remained positive and statistically significant when restricting 

analyses to participants with exposure concentrations below 8, 10, 8 or 12 µg/m³. Similarly, 

Ward-Caviness et al. (2020) and Wu et al. (2020a) reported that HRs remained positive 

and statistically significant when restricting analyses to participants with exposure 

concentrations below 12 µg/m³. Zhang et al. (2021) noted that HRs remained positive and 

statistically significant when only participants with exposure concentrations below 10 

µg/m³ were included, though the results were positive, but attenuated, and no longer 

statistically significant when restricting to exposure concentrations below 8.8 µg/m³. In 

addition to examining the C-R relationship between long-term PM2.5 exposure and all-

cause mortality, a limited number of studies evaluated the C-R relationship with cause-

specific mortality. Wang et al. (2020) reported a linear, no-threshold C-R relationship for 

both cardiovascular and respiratory mortality. When the authors adjusted for ozone, the C-

R relationship remained the same for cardiovascular mortality, but the C-R relationship for 

respiratory mortality became supralinear below 10 µg/m³. In threshold analyses, Wang et 

al. (2020) observed that HRs remained positive and statistically significant when restricting 

analyses to participants with exposure concentrations below 8, 10, or 12 µg/m³. In analyses 

stratified by PM2.5 concentration, Hayes et al. (2020) reported evidence of positive 

associations with cardiovascular mortality that increased in magnitude and decreased in 

precision as the range of PM2.5 concentrations examined increased from 8ī12, to 12ī20, 

and finally to over 20 µg/m³. When evaluating deaths due to diabetes, Lim et al. (2018) 

observed a linear C-R relationship, with the greatest confidence between 10 and 15 µg/m³. 

Overall, recent studies that evaluated the C-R relationship for long-term PM2.5 exposure 

and cause-specific mortality are consistent with those that examined all-cause mortality. 

 

In conclusion, consistent with the conclusions of the 2019 PM ISA, recent studies 

provide evidence that continues to support a linear, no threshold C-R relationship for long-

term PM2.5 exposure and all-cause or cause-specific mortality across the range of exposure 

concentrations observed in North American cohort studies, with some studies 

characterizing the C-R relationship with certainty down to 4 µg/m³. The evidence remains 

clear and consistent in supporting a no-threshold relationship, and in supporting a linear 

relationship for PM2.5 concentrations >8 µg/m³, based on a large number of studies. 

However, some uncertainties remain about the shape of the C-R curve at relatively low 

PM2.5 concentrations (<8 µg/m³), with some recent studies providing evidence for either 

a sublinear, linear, or supralinear relationship at these lower concentrations.ò 

 

Furthermore, evidence of harm below 10 µg/m3 is provided by the studies of Pinault, Hayes, Wei 

(2020), Wei (2021), Wang, Ward-Caviness, Elliot, Christidis, Papin, and Zhang. Effects below 8 

µg/m3 are supported by the studies of Pinault, Wei (2020), Wei (2021), Wang (2020), Christidis 

(2919), Pappen (2019), and Hayes (2020).  In general, these studies were very large, in the case of 

Wei (2021) comprising 74 million people.  

 

2. Criteria Used to Select Alternative Standards Need to Consider 

Nuances and Advances in Epidemiological Studies  

 

In seeking to narrow the range of potential alternate standards, EPA has reviewed a number of 

studies covering a wide range of exposures, posed questions, carried out some limited analysis and 



 

19 

 

made assertions that underpin the criteria by which they decide the range of potential alternate 

standards selected. 

 

One of the questions they pose is: 

ñHow can the approaches used in key epidemiologic studies to estimate exposure affect the 

study-reported mean PM2.5 concentrations? How do these approaches and the resulting 

means compare to one another?ò65 

 

In answering this question, the EPA uses the Atlanta- Sandy Springs- Roswell CBSA in Georgia 

to assess differences between monitored levels (average & design values) and average 

concentrations predicted using the Di et al 2019 hybrid model (EPA refers to as: DI2019).  

In the figure below, the gradient of PM2.5 concentrations are shown for 1 km by 1 km grid cells 

using the DI2019 hybrid approach, from 2014-2016, as well as the monitor locations within the 

Atlanta-Sandy Springs- Roswell CBSA and their annual PM2.5 design values for 2016.   

 

66 

EPA finds that for all monitors within the CBSA, the average PM2.5 concentration is 9.3 ɛg/m3, 

while the design value (based on the highest monitored PM2.5 concentration in the area) is 10.4 

ɛg/m3. 

 
65 Policy Assessment 2021. 3.3.3.2.1 PM2.5 Air Quality Distributions Associated with Mortality or Morbidity in 

Key Epidemiologic Studies. Page 3-98. 
66 Policy Assessment 2021. Figure 3-7, Page 3-99 
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In comparison using the DI2019 EPA calculates: (1) the average concentration across the entire 

state; (2) the population weighted average across the entire state; (3) the average concentration 

across the CBSA; and (4) the population weighted average across the CBSA. At the urban level 

(e.g., Atlanta-Sandy Springs-Roswell CBSA), the average PM2.5 concentration when taking the 

mean of all grid cells is 9.2 ɛg/m3, whereas the population-weighted mean is 9.6 ɛg/m3. Across 

Georgia, the average PM2.5 concentration using the hybrid 1 approach is 8.3 ɛg/m3, lower than 

the population-weighted statewide average of 9.1 ɛg/m3. 

 

EPA states that ñAnalyses exhibit that average maximum annual design values are 40 to 50% 

higher when compared to annual average PM2.5 concentrations estimated without population-

weighting and are 15% to 18% higher when compared to average annual PM2.5 concentrations 

with population weighting applied.ò This is derived from another analysis of 67 CBSAôs in Table 

2-6, Chapter 2.67 

 

This is to be expected since monitors are placed in urban areas, often with higher levels of air 

pollution than other areas and the design values are computed on the basis of the highest monitored 

values. 

 

EPA assumes that this approach reflects ñsome of the main approaches used in epidemiologic 

studies to compute study means.ò68 The analysis above was done to carry out a comparison of the 

exposures noted in epidemiological studies using monitors for exposure assessment versus those 

that use hybrid models and suggests that hybrid models artificially estimate lower concentrations 

than monitored values. However, since most epidemiological studies using hybrid models do not 

average over the entire CBSA or state, rather they average over much smaller geographical units 

(for example: zip codes69,70)  and assign time varying estimates across the populations over the 

entire study. Thus, the comparison of the hybrid model averages across the entire CBSA and state 

and the monitor values is not the most accurately representative of the difference between the 

estimates in the studies using monitors and those using hybrid models.    

 

Since the issue at hand is the levels of PM2.5 associated with health effects in the epidemiological 

studies the most relevant question is whether the hybrid models accurately estimate the PM2.5 

concentrations in the zip codes compared to the monitors in those areas. This has been fully 

evaluated in studies and shown to be excellent. The concordance of the predicted estimates from 

the DI2019 hybrid model and monitored levels of PM2.5 are also evident in Figure 3-7 of the 

Policy Assessment, reproduced earlier in our comments. 

 
67 Policy assessment 2021. Section 2.3.3.2.4 Comparison of PM2.5 Fields in Estimating Exposure and Relative to  

Design Values. Table 2-6, Page 2-60. 
68 U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for 

Particulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA-

452/P-21-001, October 2021. Page 3-98. 
69 Wu, X., et al. "Evaluating the impact of long-term exposure to fine particulate matter on mortality among the 

elderly." Science advances 6.29 (2020): eaba5692. 
70 Di, Qian, et al. "Air pollution and mortality in the Medicare population." New England Journal of Medicine 

376.26 (2017): 2513-2522. 
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In the publication of the DI2019 model71 evaluations indicate a) that the relationship between 

predicted and monitored values remains linear from 0 to 60 µg/m3 and b) that the uncertainty in 

the relationship was smallest between 4 and 15 µg/m3. This is shown in the figure below from that 

paper, showing the spline fit and 95% CI. Clearly the uncertainty is low between 5 and 10 µg/m3. 

 

In comments on the previous PM2.5 proposed standard Professor Joel Schwartz submitted data 

where he fit model predictions to PM2.5 measurements at over 1900 monitoring stations.72 He 

compared the predicted annual average PM2.5 at each location to the measurements. The difference 

is the error in the estimated concentration. To see how the error variance changes with PM2.5 

concentrations, his team squared each error, and then smoothed the squared errors vs. the measured 

PM2.5 concentrations at those monitors in those years. This estimates how the error variance 

changes with concentration. The results are shown on the plot below. They clearly show that the 

exposure error is smaller at concentrations below 12 µg/m3 not larger, as EPA asserts. This makes 

sense, as there is more data in that range to estimate the predictions.  

 
71 Di, Qian, et al. "An ensemble-based model of PM2. 5 concentration across the contiguous United States with high 

spatiotemporal resolution." Environment international 130 (2019): 104909. 
72 Comments submitted by J. Schwartz, EPA-HQ-OAR-2015-0072-0569, Jun 5, 2020. 

https://www.regulations.gov/comment/EPA-HQ-OAR-2015-0072-0569 
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A more accurate comparison is between predicted values and monitored values at all the monitors 

in the U.S. to see whether there is evidence of any bias, overall or at lower concentrations. As 

reported in Di 2019, the predictions at each EPA monitoring site in the U.S. were regressed with 

the measured values at that monitor. (The predictions were always from models that excluded the 

monitor being predicted.) The result was an intercept of 0.625 µg/m3 and a slope of 0.956.73 This 

represents very little bias in the exposures. Of course, this relationship between monitored values 

and predictions at the monitors was for daily predictions.  

Prof. Schwartz has now repeated the analysis for annual average monitor values and annual 

average predictions, which is most relevant for the annual standard, and is the exposure used in 

the cohort studies that used this exposure. ñThe results indicate even less bias; the intercept was 

0.077, and the slope was 0.969. There is clearly no noticeable bias here, and therefore no reason 

to believe that an effect seen at model predicted annual values of e.g. 8 µg/m3 is not an effect at 

that ambient concentration. This almost linear relationship with a slope indistinguishable from 1 

and little if any bias is seen at all concentrations.ò 74 

This indicates that the DI2019 hybrid model does not underpredict exposures and the 

exposures and effects seen at lower levels in the studies using these methods should be 

considered strongly in deciding alternative standards to protect health.  

The Policy Assessment focuses on the mean concentration in studies stating ñthere is significantly 

greater confidence in the magnitude and significance of observed associations for the part of the 

air quality distribution corresponding to where the bulk of the health events in each study have 

 
73 Di, Qian, et al. "An ensemble-based model of PM2. 5 concentration across the contiguous United States with high 

spatiotemporal resolution." Environment international 130 (2019): 104909. 
74 Public comment submitted by Joel Schwartz to EPA on ñPolicy Assessment for the Reconsideration of the 

National Ambient Air Quality Standards for Particulate Matter, External Review Draftò on December 12/14/ 2021.  
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been observed, generally at or around the mean concentration. This is the case both for studies of 

daily PM2.5 exposures and for studies of annual average PM2.5 exposures.ò75 

This underpins the consideration of exposure levels in key epidemiological studies: 

ñWhat are the overall mean PM2.5 concentrations reported by key epidemiologic studies? For 

studies with available information on the broader distributions of exposure estimates and/or health 

events, what are the PM2.5 concentrations corresponding to the lower percentiles of those data 

(e.g., 25th and/or 10th)?ò76 

Using the mean or 25th or 10th percentile exposure in an epidemiological study is not the typical 

method of ascertaining uncertainty in an effect estimate across the range of exposures.  It doesnôt 

account for the fact that some of these studies had very large sample sizes, so that there were 

sufficient observations even far from the mean exposure. The Medicare cohort, for example, had 

637 million person-years of observation. Hence there were over 63 million observations at the 

tenth percentile or lower. This is a very large number for an epidemiology study and clearly would 

have enough health effects to generate confidence if it were a separate study on its own. 

Statistical tools used in the studies provide mathematically proven methods to understand 

uncertainty in the effect at a particular exposure: confidence intervals. By relying on confidence 

intervals and not just ñwhere most of the observations areò the confidence in an association 

depends on the strength of the association as well as other factors rather than solely on the number 

of observations. This is accounted for in the confidence intervals, but not in the PAôs approach. 

Two studies that explicitly model effects across the range of exposures seen in the United states 

are the Wei et al 2020 and 2021 papers. The elevated risk of death at an annual concentration of 

6.6 µg/m3 in the Wei et al. papers come with an appropriately computed confidence interval, which 

is far from including the null.77,78 This despite it being only the 20th percentile of the exposure 

distribution. The spline models and the models that excluded higher observations also have 

confidence intervals. While it is true they are smallest near the mean, this does not mean that they 

were not small elsewhere. These models correctly estimate the uncertainty, including taking into 

account how many events occurred at that exposure. 

 
75 U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for 

Particulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA-

452/P-21-001, October 2021. Page 3-65.  
76 Policy Assessment 2021. Page 3-102 
77  Wei, Yaguang, et al. "Emulating causal dose-response relations between air pollutants and mortality in the 

Medicare population." Environmental Health 20.1 (2021): 1-10. 
78  Wei, Yaguang, et al. "Causal effects of air pollution on mortality rate in Massachusetts." American journal of 

epidemiology 189.11 (2020): 1316-1323. 
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Wei et al 2021 

 

 

Wei et al 2020 

Additional studies have also ascertained confidence intervals and the shape of the dose response 

relationship across observed exposures, including studies in the Supplement to the Integrated 

Science Assessment. 

ñWang et al. (2020) and Ward-Caviness et al. (2020) observed linear, no-threshold 

concentration response relationships for total (nonaccidental) mortality, with confidence 

in the relationship down to a concentration of 5 and 9 µg/m³, respectively. Using exposure 

categories (i.e., quintiles of exposure) to estimate the shape of the concentration-response 

relationship, Elliott et al. (2020) report evidence that supports a monotonic (linear) 

function.  

Studies that relied on data from Canadian cohorts evaluated the shape of the concentration-

response relationship using a Shape Constrained Health Impact Function (SCHIF) 

approach to model the function (Zhang et al., 2021; Christidis et al., 2019; Pappin et al., 

2019; Pinault et al., 2017).ò 
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This also includes a study by Pope et al in 2019, which included 1.5 million Americans who 

participated in the National Health Interview Surveys (NHIS) and who were linked to the National 

Death Index (NDI), which also included an assessment of confidence intervals across the dose 

response relationship with levels well below 8 µg/m³. 

 
Figure 4. Estimated concentrationïresponse associations between PM2.5 and all-cause (A) and cardiopulmonary (B) 

mortality using the subcohort and basic CPH model with the flexible modeling approach, adjusting for age, sex, 

race-ethnicity, income, education, marital status, urban versus rural, census regions, survey year, smoking status, 

and BMI. The optimal nonlinear models are presented as solid lines with 95% uncertainty bounds (shaded area). 

By considering confidence intervals and not just the number of observations, analysis could be 

expanded to include a better understanding of impacts at lower exposure levels with a more robust 

uncertainty analysis. 

 

3. Studies Indicate That Reduction in PM2.5 Result in Improved Health of 

Populations 

 

The Policy Assessment reviews several accountability studies, which find that reductions in PM2.5 

are associated with reductions in hospital admissions, bronchitic symptoms in 10-year-old children 
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with and without asthma, mortality, higher life expectancy, and improved lung growth in children. 

These are summarized in Table 3-12 of the current Policy Assessment.79 

 

The Policy Assessment should also consider the findings of the study by Garcia et al 2019, which 

find that, in a longitudinal study of 4140 children, decreases in ambient PM2.5 between 1993 and 

2014 were significantly associated with lower asthma incidence. A 8.1 ɛg/m3 decrease in PM2.5 

was associated with a reduction of 1.53 cases per 100 person-years in asthma incidence after 

accounting for childrenôs date of birth, sex, race and ethnicity, history of asthma, participation in 

team sports, presence of a gas stove in the home, exposure to smoking in utero, exposure to 

secondhand smoke, parental education, parental history of asthma, and residential address.80 This 

finding was further strengthened by a reanalysis, using causal inference methods, which founds 

that ñHad PM2.5 concentrations remained at their 1993 levels, and the observed decline not 

occurred, the asthma incidence rate among our study population would have been 9.8% higher 

(95% CI, 0.9% to 20.4%) compared with the natural course. Had all communities experienced 

PM2.5 concentrations 30% lower than levels observed, the asthma incidence rate would have been 

an estimated 12.8% lower (95% CI, ī23.9% to ī1.3%) compared with the natural course of 

exposure.ò81 This study and the literature reviewed in the Policy Assessment indicates that 

attaining lower levels of PM2.5 are accompanied with significant health benefits. 

 

4. There is a Significant Health Burden of PM2.5 At the Current Standard 

(12 ‘g/m3) and Major Potential Health Benefits Of Stronger Standard 

 

The Policy Assessment states that ñfor the full set of 47 study areas from Table 3-14 and Table 3-

15, which include approximately 30% of the U.S. population aged 30-99, are as follows:   

 

Å Up to 45,100 deaths in 2015 are attributable to long-term PM2.5 exposures associated with 

air quality just meeting the current annual and 24-hour PM2.5 standards, with a 95th 

percentile confidence interval of 30,800-59,000. This constitutes up to 8% of all-cause 

mortality in adults age 30-99 (Table 3-14). 

Å Impacts are estimated to decrease by 13- 17% when air quality is adjusted to just meet an 

alternative annual standard with a level of 10.0 µg/m³ or by 1-2% when adjusted to just 

meet an alternative 24-hour standard with a level of 30 µg/m³. This corresponds to up to 

7,440 (5,040-9,830) fewer deaths per year attributable to long-term PM2.5 exposures.ò
82 

 

Additionally, for the 30 CBSAôs (25% of the full US population) where the annual standard is 

controlling the air quality,83 38,900 deaths (26,600- 51,000) are attributed to PM2.5 when just 

meeting the current standard of 12 µg/m³. This drops by 3,610 (9.3%), 7,200 (18.5%), 10,800 

(28%) and 14,300 (37%) when moving from the current standard to an alternative standard of 

 
79 Policy Assessment 2021, page 3-122 
80 Garcia, Erika, et al. "Association of changes in air quality with incident asthma in children in California, 1993-

2014." Jama 321.19 (2019): 1906-1915. 
81 Garcia, Erika, et al. "Effects of policy-driven hypothetical air pollutant interventions on childhood asthma 

incidence in southern California." Proceedings of the National Academy of Sciences 116.32 (2019): 15883-15888. 
82 Policy Assessment 2021, Section 3.4.2.1.Summary of Risk Estimates for the Full Set of 47 Urban Study Areas 

page 3-139. 
83 Policy Assessment 2021, Table 3-17, page 3-141. 
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11µg/m³, 10µg/m³, 9µg/m³ and 8µg/m³ when controlling sources of pollutants that give rise to 

secondary PM2.5 as the main process for achieving the alternate standards. 

 

It is likely that even though the EPA has undertaken several assessments of uncertainty in the 

Policy Assessment some of the model specifications underestimate the full health burden at the 

current standard and the benefits of alternate annual PM2.5 NAAQS.  In this current assessment 

and the key findings (reported above) of the assessment EPA uses county level baseline mortality 

rates, non race specific concentration response functions, and Bayseian downscaling model to 

combine chemical transport model outputs with monitor data at a 12 km resolution. A recent high 

resolution risk assessment carried out by EDF and collaborators at George Washington University 

indicate that using baseline mortality rates that vary within a given county in the Bay Area resulted 

in 15% larger attributable mortality rates for PM2.5 across Alameda County.84  

 

Additionally, the same study found that PM2.5 levels varied dramatically across the San Francisco 

Bay Area (3-18.5 µg/m³) in 2016, as estimated by a hybrid model. The estimated health impacts 

in the Bay Area of this exposure were 3080 premature deaths, 5590 new cases of childhood asthma, 

720 asthma emergency room visits and 360 hospital admissions, all attributed to PM2.5 exposure.
85  

 

Similar results were also seen in a national health risk assessment of PM2.5 and mortality carried 

out by Vodonos et al 2021. The assessment used the 1 km2 Di et al 2019 hybrid model predictions 

for 2015 and zip code level baseline mortality rates and compared it to results using county average 

exposure data and county scale baseline disease rates. The authors found that using the 1 km2 

spatially resolved exposure data resulted in 13% higher health impacts in comparison to the 

impacts assessed using county average exposures and county scale baseline disease rates. This 

difference was even higher when the high-resolution exposure data was combined with zipcode 

scale baseline mortality rates: 22% higher estimates of PM attributable mortality.86 

 

Essentially, coarse resolution concentration datasets may dilute high urban concentrations87 

particularly when high concentrations overlap with densely populated areas.88 Most studies 

reported that grid resolution substantially influences results, with coarser resolutions leading to 

 
84 Southerland, Veronica A., Susan C. Anenberg, Maria Harris, Joshua Apte, Perry Hystad, Aaron van Donkelaar, 

Randall V. Martin, Matt Beyers, and Ananya Roy. "Assessing the Distribution of Air Pollution Health Risks within 

Cities: A Neighborhood-Scale Analysis Leveraging High-Resolution Data Sets in the Bay Area, California." 

Environmental health perspectives 129, no. 3 (2021): 037006. 
85 van Donkelaar A, Martin RV, Li C, Burnett RT. 2019. Regional estimates of chemical composition of fine 

particulate matter using a combined geoscience-statistical method with information from satellites, models, and 

monitors. Environ Sci Technol 53(5):2595ï2611, PMID: 30698001, 
86 Vodonos, A., Schwartz, J., Estimation of excess mortality due to long term exposure to PM2.5 in Continental 

United States using a high-spatiotemporal resolution model, Environmental Research, 

https://doi.org/10.1016/j.envres.2021.110904. 
87 Korhonen, A., Lehtomäki, H., Rumrich, I., Karvosenoja, N., Paunu, V.-V., Kupiainen, K., et al. (2019). Influence 

of spatial resolution on population PM2.5 exposure and health impacts. Air Quality, Atmosphere & Health, 12(6), 

705ï718. https://doi.org/10.1007/s11869-019-00690-z 
88 Li, Y., Henze, D. K., Jack, D., & Kinney, P. L. (2016). The influence of air quality model resolution on health 

impact assessment for fine particulate matter and its components. Air Quality, Atmosphere & Health, 9(1), 51ï68. 

https://doi.org/10.1007/s11869-015-0321-z 
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PM2.5 concentration underestimates.89,90 Thus it is likely that the current burden of disease with the 

existing standards and the potential benefit of stronger standards would both be larger. 

 

The ongoing burden (as estimated by the quantitative risk assessment) of mortality attributable to 

PM2.5 levels at the current standards and the potential sizable reductions under potential alternate 

annual standard (37% for 8µg/m³) provides motivation and justification to tighten the PM2.5 

NAAQS to 8 µg/m³.  

 

III.  PM2.5 Exposure and Health Impacts Disproportionately Fall On Black And Hispanic 

Communities, And Setting a Stronger Standard is Critical to Addressing Inequity 

And Protecting The Health Of All Americans 

Under the Clean Air Act, NAAQS are required to be set at a level that protects public health with 

a sufficient margin of safety. As discussed previously in these comments, there is a strong and 

growing body of scientific evidence showing serious health harms at exposure levels below the 

current standard. However, the impact of exposure to PM2.5 health harms are not evenly 

distributed, and studies from the last several years have quantified the disproportionate burden of 

PM2.5 on Black and Hispanic populations. In order to set a standard that is truly protective of all 

Americans, including the most vulnerable, it is critical that EPA consider these disparities. 

Recent studies have starkly demonstrated the historical environmental injustice reflected by the 

siting of polluting facilities near majority-minority communities,91 and the extent of racial disparity 

in impacts from PM pollution specifically. A 2018 study by EPA scientists published in the 

American Journal of Public Health, for example, found that ñ[n]on-White populations overall 

experienced 1.28 times the burden of the general population, and Black populations, specifically, 

experienced the greatest degree of disparity in the siting of PM emitting facilities at national, state, 

and county levels, burdened with 1.54 times the PM emissions faced by the general population.ò92  

An April 2021 study in Science Advances found that nearly all categories of PM2.5 emission 

sources contribute to the ñsystemic PM2.5 exposure disparity experienced by people of color,ò and 

 
89 Fenech, S., Doherty, R. M., Heaviside, C., Vardoulakis, S., Macintyre, H. L., & OôConnor, F. M. (2018). The 

influence of model spatial resolution on simulated ozone and fine particulate matter for Europe: Implications for 

health impact assessments. Atmospheric Chemistry and Physics, 18(8), 5765ï5784. https://doi.org/10.5194/acp-18-

5765-2018 
90 Paolella, D. A., Tessum, C. W., Adams, P. J., Apte, J. S., Chambliss, S., Hill, J., Muller, N. Z., & Marshall, J. D. 

(2018). Effect of Model Spatial Resolution on Estimates of Fine Particulate Matter Exposure and Exposure 

Disparities in the United States. Environmental Science & Technology Letters, 5(7), 436ï441. 

https://doi.org/10.1021/acs.estlett.8b00279 
91 See, e.g., Vann R. Newkirk II, Trumpôs EPA Concludes Environmental Racism Is Real, The Atlantic  (Feb. 28, 

2018), https://www.theatlantic.com/politics/archive/2018/02/the-trump-administration-finds-that-environmental-

racism-is-real/554315/. 
92 Ihab Mikati, Adam F. Benson, Thomas J. Luben, Jason D. Sacks, and Jennifer Richmond-Bryant, 2018: 

Disparities in Distribution of Particulate Matter Emission Sources by Race and Poverty Status, American Journal of 

Public Health 108, 480-85, https://doi.org/10.2105/AJPH.2017.304297 

https://ajph.aphapublications.org/doi/abs/10.2105/AJPH.2017.304297
https://ajph.aphapublications.org/doi/abs/10.2105/AJPH.2017.304297
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this is true across different states, in both rural and urban areas, and when income levels and 

exposure levels are controlled for.93   

The study states in its results: 

In ñ2014 total population average PM2.5 exposure from all domestic anthropogenic sources 

is 6.5 ɛg mī3 in the contiguous United States; exposures are higher than average for POC, 

Blacks, Hispanics, and Asians (7.4, 7.9, 7.2, and 7.7 ɛg mī3, respectively;) and lower than 

average for Whites (5.9 ɛg mī3;)ò  

The authors estimate that: 

ǒ White populations are exposed to 8% lower PM2.5 concentrations than the average 

American, from emission sources causing 60% of overall exposure. 

ǒ Black populations are exposed to 21% greater PM2.5 concentrations than the 

average American, from sources contributing 78% of exposure.  

ǒ Hispanics and Asians are exposed to PM2.5 from 87% and 73% of sources, 

respectively, and experience 11% (0.72 ɛg mī3) and 18% (1.20 ɛg mī3) overall 

exposure disparities, respectively. 

EPA itself has recognized the environmental injustice problem posed by PM pollution. 

Specifically, EPA review documents from the 2020 review note that there is ñstrong evidence for 

racial and ethnic differences in PM2.5 exposures and in PM2.5-related health risk. Such analyses 

indicate that minority populations such as Hispanic and non-Hispanic black populations have 

higher PM2.5 exposures than non-Hispanic white populations, thus contributing to adverse health 

risk in non-white populations.ò94 

The current Policy Assessment builds out these findings, concluding that ñthere is strong evidence 

for racial and ethnic disparities in PM2.5 exposures and PM2.5-related health risk,ò specifically 

ñdemonstrating that Black and Hispanic populations, in particular, have higher PM2.5 exposures 

than non-Hispanic White populations (U.S. EPA, 2019, Figure 12-2; U.S. EPA, 2021a, Figure 3-

38).ò95 

Studies have shown that historically racist policies such as red lining and citing of highways and 

polluting facilities have resulted in racial/ethnic minority and other disadvantaged populations 

living in areas with a disproportionately higher number of emitting facilities96 and facing higher 

PM2.5 exposure burden in comparison with White American populations. Yet the issues of air 

 
93 Christopher W. Tessum, David A. Paolella, Sarah E. Chambliss, Joshua S. Apte, Jason D. Hill, Julian D. 

Marshall,, 2021:PM2.5 polluters disproportionately and systemically affect people of color in the United States. 

Science Advances, Vol. 7, No. 18. DOI: 10.1126/sciadv.abf4491 
94 U.S. EPA. Policy Assessment (PA) for Particulate Matter (Final Report, 2020). U.S. Environmental Protection 

Agency, Washington, DC, EPA/452/R-20/002, 2020. Page 3-44.  
95  U.S. EPA. Policy Assessment (PA) for Particulate Matter (External Review Draft, 2021). U.S. Environmental 

Protection Agency, Washington, DC, EPA-452/P-21-001, October 2021. Page 3-52.  
96 Mikati, Ihab, et al. "Disparities in distribution of particulate matter emission sources by race and poverty  

status." American journal of public health 108.4 (2018): 480-485; Banzhaf, Spencer, Lala Ma, and Christopher 

Timmins. "Environmental justice: The economics of race, place, and pollution." Journal of Economic Perspectives 

33.1 (2019): 185-208. 

https://doi.org/10.1126/sciadv.abf4491
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pollutionïrelated health impact inequities extend beyond exposure alone. Many of the same racist 

policies, institutional practices, and poor cultural representations have caused disinvestment in 

racial/ethnic minority communities, resulting in differential quality and distribution of housing, 

transportation, economic opportunity, education, food, access to health care, and beyond. All of 

these inequities manifest in health disparities, higher underlying mortality rates, and greater 

vulnerability to pollution-caused disease.97 

 

The Policy Assessment reviews 8 studies that have investigated the differential effects of PM2.5 on 

mortality across demographic groups. This includes a study by Di et al (2017), which found that 

PM2.5 was associated with 3 times higher risk of mortality among Black elderly Americans than 

White elderly Americans among the more than 60 million Medicare beneficiaries across the United 

States, between 2000- 2012.98  

 

In a recent study published in Environmental Health Perspectives, which used 2014 National 

Emission Inventory data, the concentration response functions from the Di et al. 2017 Medicare 

study,99 and AP3 (an integrated assessment model) to quantify the distribution of  exposure and 

mortality impacts of  PM2.5  across  different racial ethnic groups, scientists at Environmental 

Defense Fund and Carnegie Mellon University (Spiller et al.) found that ignoring the differences 

in the effects of PM2.5 on mortality among the elderly (Ó 65 years) across race/ethnicity  in policy 

health risk assessments leads to: (1) an underestimate of the overall mortality impacts of PM2.5 to 

across all races by 9%; and (2) an undervaluation of the total elderly health economic damages of 

PM2.5 across the country by $100 billion.100 

 

For Black Americans, ignoring this disparity would underestimate the total mortality burden of 

PM2.5 by 150%, and would result in 33,188 (95% CI: 32,016 to 34,340) deaths, among the elderly, 

attributable to PM2.5 across America in 2014. This is 25% of the total mortality attributable to 

PM2.5, despite the Black population only being 9% of the above 65-year-old population across 

America. 101 

 

The Spiller et al. analysis also finds that a 1µg/m3 increase in PM2.5 would result in 3 times, 1.5 

times and 1.3 times larger mortality impacts among Black, Native American and Hispanic 

American elderly in comparison to White elderly populations in the United States. The same 

magnitude of benefits would accrue across the different groups comparatively if there was a 

uniform 1 unit decrease. 

 

 
97 Morello-Frosch, Rachel, et al. "Understanding the cumulative impacts of inequalities in environmental health: 

implications for policy." Health affairs 30.5 (2011): 879-887; Payne-Sturges, Devon C., Gilbert C. Gee, and 

Deborah A. Cory-Slechta. "Confronting Racism in Environmental Health Sciences: Moving the Science Forward for 

Eliminating Racial Inequities." Environmental Health Perspectives 129.5 (2021): 055002. 
98 Di Q, Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, Dominici F, Schwartz JD. Air pollution and 

mortality in the Medicare population. New England Journal of Medicine. 2017 Jun 29;376(26):2513-22. 
99 Id. 
100 Spiller E, Proville J, Roy A, Muller N. Mortality Risk from PM2.5: A Comparison of Modeling Approaches to 

Identify Disparities across Racial/Ethnic Groups in Policy Outcomes. Environmental Health Perspectives. Vol. 129, 

No. 12. https://doi.org/10.1289/EHP9001. (Published online on Dec 8 2021, Accessed Dec 10th 2021, Publication 

date listed. Dec 15th 2021) 
101 Spiller et al EHP 2021 (same as above). Table 3 
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In the current Policy Assessment for the Reconsideration of the Particulate Matter National 

Ambient Air Quality Standards (PM NAAQS), EPA has used, for the first time, methods similar 

to the Spiller et al. study. However, the artificial raising of concentrations on a large number of 

CBSAôs to simulate the health harms if an area were only just meeting the 12 Õg/m3 standard 

potentially obscures the existing health disparities. Despite this the Policy Assessment finds that, 

when considering both exposure and vulnerability disparities across race/ethnicity, strengthening 

the annual PM2.5 standard from 12 to 8 µg/m3 would, among the elderly in 30 metropolitan areas, 

prevent 4,260 PM2.5 attributable deaths among Black American elderly populations; 1,290 PM2.5 

attributable deaths in Hispanic American elderly populations; 525 PM2.5 attributable deaths  in 

Asian Americans and 28 PM2.5 attributable deaths among Native American populations; and 

reduce 7,490 PM2.5 attributable deaths among white elderly populations.102 

 

 

 
102 U.S. EPA. Policy Assessment (PA) for Particulate Matter (External Review Draft, 2021). U.S. Environmental 

Protection Agency, Washington, DC, EPA-452/P-21-001, October 2021. Pages C-64 & C-70 Appendix C 












