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Environmental Defense Fund respectfully submits the following comments on the Environmental
Protection Agencydés (AEPAO) APolicy Assessme
Ambient Air Quality Standard$ o r Particul ate Matt&brFed Reg.t er na
56,263 (Oct. 8, 2021). Environmental Defense Fund is a nonpartisan, seéseceenvironmental
organization with more than twaillion members across the country who are deeply concerned

about the health, environmental, and economic iotpaof air pollution and support
implementation of strong, scienrbea s ed Nat i onal Ambient Air Qual
that ensure public health and the environment are protected.

There is an extensive ampowing body of scientific evidence demorasiing that the current,

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

an adequate margin of safety and must be substantially strengthened. We appreciate EPA
decision to reconsider the particulatettaa 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 EPAOisActlamdgpddiess adime dfghegst i o n s
scientific evidence.
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Il EPAG6s Legal Obligations Under the NAAQS Pr

A. EP A @Rsle in Setting and Revising the NAAQS

The Clean Air Act Amendments of 1970, whi ch
mai ntain enforceable NAAQS, were intended to
serious and otherwise unchebkh e pr ob | e m bThus éhe 190 gmerdments, iar@n . 0

specifically the NAAQS program itself, Acarri
country shall have no adverde effects upon an

The NAAQS program answetsh e Cl ean Air Actods requirement
conventional aipollutants andorms the framework upon which many other important Clean Air

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

those geoaphic areas that fail to meetthe standdElssc h st ate must prepare
pl and designed to control poll utant emissions
pollutant to below the level of the NAARand to keep it thefe.

The CAA provides a clear process for EPA to follow in establishing NAAQS. The first step in
establishing a NAAQS involves identifying tho
judgment, cause or contribute to airlpobn which may reasonablye anticipated to endanger
public health or welfare, 06 and fithe presence
diverse mobil e &®ncesEPA itlentfigs a poiutamst,dt mustselect alNAAQS

that s based on air quality criiera r ef | ecting Athe | atest scient
the kind and extent of all identifiable effects on public health or welfare which may be expected
from the presence of sfch pollutant in the am

Primary NAAQS must be setatae v e | Arequisite to protect the
mar gi n o fTo ensufe ¢hiatythe NAAQS keep pace with scientific understanding and
continue to provide the necessary protection, EPA must review argk rasiappropriate the
underlyirg air quality criteria and the NAAQS themselves at least every five §@ang primary

NAAQS that EPA promulgates under these provisions mustdpgsiteto protect public health

and provide an adequate margin of safetyprder to prevent any known 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, PA must err on the side of proteng public healtl!,and may not consider cost or

L Union Electric Co. v. EPA, 427 U.S. 246, 256 (1976).

2116 Cong. Rec. 42,329, 42,381 (Dec. 18, 1970).

342 U.S.C. § 7407(d).

41d. at§ 7410.

51d. at§ 7408(a)(1)(A), (B).

81d. at 8 708(a)(2).

71d. at§ 7409(b)(1).

81d. at 8 7409(d)(1).

°See,e.gy Am. Trucking Assdns v. EPA, 283 F.3d 355, 369 (D.
Clean Air Act, in cases of uncert msohgrofectifghdalthfandu st er r 01
welfare).



feasibility in connection with establishing the numerical NAAQS or other important elements of
the standarde(g, form of the standard, averaging time, eféJjheD.C.C r cui t summed up
mandate sunctly:

Based on these comprehensive [air quality] cr
Aprecautionaryo nature of the act, €é the Admi
will protectthepubl ¢ heal t h f r o rarsdeffeets nmotgustiknownaadverse effeesd v

but those of scientific uncertainty or that 0

reference to cost or technological feasibility, the Administrator must pgateuhational standards

that limit emissions sufficiently to establish that margin of satéGosts 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 ThaProtects Everyone

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

the protection of public health with an adegq
promise that ambient air in all parts of theuntry shall have no adverse effewpon any
Americané’s nhealhtelhm. words, because AEPA interpr

citizens the opportunity to pur suelthetagency nor m
cannot deny Amecans protection from the effects af @ollution 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 ViSiadther, EPA cannot deny

protection againsadverse health and welfare effects merely because those effects are confined to
subgroups of the population or to persons especially sensitive to air potfution.

Finally, where scientific evidence confirmsathat levels allowed by current NAAQS, aders
effects occur year after year in numerous ind

VinWhi t man v. Am,53TU.S1 45K (2001), Justics Scalia, writing for a unanimous Supremg Cour

found that the plain language of the Clean Air Act makes clear that economic costs cannot be corfsétered w
establishing a standard: iwWere it not for the hundreds
one would have thought iairly clear that this text does not permit the EPA to consider costs in setting the

st andldatdéb. 0

TAmer i can L un gl34aFs3d 388, 389 (D.CEGM.A998) (citations omittedle alsdVhitman 531 U.S.

at464-71. Each of these requirementdiscussed in more detail below.

12116 Cong. Rec. at 42,381 (remarks of Senator Muskie).

1344 Fed. Reg8202, 8210 (Feb. 8, 1979).

YSeealsd 16 Cong. Rec. 32,821, 32,901 (Sept. 21, 1970) (re
Americans in all parts of the Nation should have clean air to breathe, air that will have no adverse effeits on th

heal th. o6); 3121,69 8Clo,n g3.3 ,Rlelc4. ( Sept. 22, 1970) (remarks of
congressional statement that all Americans in all parts of the Nation should have clean air to breathe, air which does

not attack thei h e aid. at B3,186)(rmar ks of Senator Cooper) (AThe committ
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 per sons . 0 }42,329 42892 (Cen 18, 197R)gremarks of

Senator Randol ph) (fAiwe have to insure the protection of
protect against environmental insutgor when the health of thedtion is endangered, so is awelfare, and so is

our economi o apr As2p, &r2i3t y(ad)e;mar ks of Congressman Vani k) (
placed in the priority in which it belongsf i r st pl ace. 0) .

See,e.. Nat 61l Ennwds$ . CDeadt AiABSSB.BdBP3e8ia (D.€. Cir. FOR2A. ,
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to require protection under t he®Thatisalithenoreot ect
true where the effects involved include highly serionss like death and hospitalizatitin.

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

The D.C. Circuit has characterized the NAAQSfiap r e v e nt i Vi&andihald timaatheu r e , 0
CAAOGs mandat e rseqdueirriensg tuhnacteritnaicnaany EPA fAmust
terms of protecting health and welfafei The [ Cl ean Ai r ] Act requir
protective primary NAAQ ven where € the pollutantds risks
identifiedas t o nat uf &uspin keebimgywitle the pdedautionary and preventative

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

effect® not just those impacts that have been well established by sétence.

Int he semi nal case on the NAAQS, the D.C. Circl
Administrator to allow an adequate margin of safety to protect against effieicts have not yet

been uncovered by research and effects whose medical signiicani s a matt e’ of di
Limited data are not an excuse for failing to establish the level at which there is an absence of
adverseeffec®To t he condassad ydi riieCotnigwe t o t he Admini s
mar gi n of sialyrefates any suggestom that the Administrator is only authorized to

set primary air quality standards which are designed to protect against health effects tluatmre kn

to be cle&rly harmful .o

Il n another case deal i negt ywoi trhe gtuhiirse nseannte, fitnhaer gD .
industryds argument that EPA was required to
to regulation, instead upholdiMfgP A6 s concl usion that the Act ¢
there is #iaski ¢ Ndtrgdhannedness of many human alterations of the
environment, the court found:

Sometimes, of course, relatively certain proof of danger or harm fuolmmodifications can be
readily found. But , mor e c onnsndo nd nyd tilreecarsyo nlad

16 SeeH. Rep. No. 95294, at 4351 (1977);Ethyl Corp. v. EPA541 F.2d 1 (D.C. Cir. 1976) (en banc).

"Seeet hyl Corp., 541 F.2d at 18 (fitheéphplacl deaét hr maly
har mo) .

8 Ethyl Corp., 541 F.2d at 15ee alsdH. Rep. No. 98294, at 4951 (explaining amendments designetdr alia

Al t] o e mp hentve ar precauiomarymatwee of the act, i.e., to assure that regulatory Gatieffectively

prevent harm before it occurso).

®Am. Trucking Asso6ns v. EPA, 283 F.3d 355, 369 (D.C. Ci
21d.

21 See idat 369 (citing 1997 Ozone NAAQS,62F&e g. 38, 857 (1997) (section 109(tL
requirement was intendeo address uncertainties associated with inconclusive scientific and technical information

... as well as to provide a reasonable degree of protection against hazarelstieatarr c h has noeee yet i de
alsoAPI v. EPA, 684 F.3d 1342, 1352 (D.Cir. 2012).

2Lead Indus. Assdédn v. EPA, 647 F.2d 1130, 1154 (D.C. Ci
2 See idat 115455.

241d.

25 Ethyl Corp., 541 F.2d at 123.



certainty. Yet the statutes andmmonsensaedemand regulatory action to prevent harm, even if
the regulator is less than certain that harotherwise inevitablé®

Thus, as discussed above, EPA must take a protective ardfweaary 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 thegopulation, but also guard against adverse effects in vulnerable subpopulations,
such as children, the elderly, and people with heart and lungsdiskn fact, the D.C. Circuit has
repeatedly found that i f a c dhehealthofthésesersitive of a
individuals, EPA must stréngthen the entire n

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

subject to respiratory ailments are entitled to the protectionboe NAAQS: Al ncl uded
persons whose health should be protected by the ambient standard are particularly sensitive
citizens such as brahial asthmatics and emphysematics who in the normal course of daily activity

are exposed to the ambient eovim me?fAs 0t he D. C. Circuit has exp
reduce air pollution, Congress defined public health broadly. NAAQS must praieanly
average healthy indivi duehidsen, forrexampleadr peoplefivédhe n s i t

at hma, emphysema, or other conditions r®2nderir
Stated another way, NaAwOBhermi®satn fakbe esnecte aotf aa dlve
on these sensitive individuals. o

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 tolslth and welfareprotective NAAQS for
a pollutant based solely on the health and welfare effects caused pglthtant in the ambient
air, without regard to the sources of the pollutant or any costs of implementing the st&hdards.

261d. at 25;accordIndus. Union Dept. v. Am. Petroleum Inst., 448 U.S. 607;55%1980) (agency need not

supportf i nding of significant risk fAwith anything approach
leeway where its findings must be made on the frontiefs s ci ent i fi ¢ knowl edge, 06 and #Ai
assumptions in interpretingthedat 6 fAr i sking error on the side of overprc
American Lung Assodn, 134sechals@Bahl. ocdRatt 8 90 ReciycherenAsmbdnt &
F.3d 613, 618 (D.C. Cir. 205390F)3d51A 54 (DEaGr. 2008 . EPAmmust Feddn
also build into the NAAQS an adequate margin of safety for these sensitive subpopusea. Farm Bureau

F e d 558 F.3d at 526.

283, Rep. No. 911196, at 10 (1970).

P®American Lung As<cdn,atli®shsF.o3nd tated3 90 N@t ol Envtl. Devd
at 810.

% . ead Indus. Assodédn, 647 F.2d at 1153.

31 See e.g.Whitman, 531 U.S. at4656499 ; Am. Trucking AssOns4l({.C.QE.A®39), 175 F. .
rehég gr apartard denied irpartids F.3d 4 (D.C. Cir. 1999) f f @etbvaint part sub nomWhitman,

531 U.S. 457NRDC v. EPA902 F.2d 962, 9723 (D.C. Cir. 1990)yacated in unrelated part 821 F.2d 326

(D.C. Cir. 1991)NRDC v. EPA824 F.2d 1146, 1157159 (D.C. Cir. 1987) (en banc); Am. Petroleum Inst. v.

Costle, 665 F.2d 1176, 1185 (D.C. -30i&n39.1981); Lead | ndi
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There is no roonfor doubt about this conclusion. In 2001, Justice Scalia, writing for a unanimous
Supreme Court, found that thiajm language of the statute makes clear that economic costs cannot

be considered when establ i shi ngof@gesdf briefidg r d : i
respondents have submitted on the issue, one would have thought it fairly clear that tliegex

not permit the EPA to conTihdee rD.cCos tCsi ricnuisteétst icr
governs NAAQS, had long been catsnt with this holding. For example, in 1981, the D.C.

Circuit upheld the 1979 ozone standards against the arguimenEPA had to consider the
standards6 fAattainability, o which XEBweDC€al and
Circuit laterx p| ai ned, Afi ]t is only health effects
constider . o

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

The Policy Assessmeifior the reconsideration of the NAAQS for PM evaluates the scientific
evidence and quantitative risk inforrmtectonon t o
afforded by the current primary annual andridtir PMbsst andar ds 0 apo@ntidit he r ¢
alternative standards €é supported by the ava
i nf or meEhé évidena@points to health harms from RN below the current standard, and
accordingly EDF urges EPA to move forward expeditiouslystibstantially strengthen the annual

PM standard.

A. Acting on Air Pollution is a Public Health Imperative

While we have made dramatic improvement in overalgaality, current estimatesttribute60
thousané® to 200 thousand deaffigper year in the United StatesRd/..s exposure. Beyond the
impacton mortality,PM. s exposurealso resultsn ischemic heart disease, stroke, COPD, lung
canceranddiabetes.

The2019 Integrated Science Assessment determinesakteelationships between short and long
term exposure t®M.5 and mortalityand cardiovascular disease, and likely causal association

32Whitman, 53 U.S. at 465.

33 Am. Petroleum Inst., 665 F.2d at 1185, 1190.

34NRDGC 902 F.2d at 973 (emphagisoriginal).

35 Institute for Health Metrics and Evaluation (IHME). GBD Compare. Seattle, WA: IHME, University of
Washington, 2015. Available from http://vizhub.healthdata.orgfgirdpare. (Accessed [12/7/2021])

3¢ Bowe, Benjamin, et al. "Burden of causgecific mortaliy associated with PM2. 5 air pollution in the United
States."JAMA network opef.11 (2019): €19158341915834.

The study by Bowe et al 2019 (estimating ~ 200,000 deaths per year) develop exposure response functiens for non
accidental deats and norcommunicable 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 adégjaccess toxercise 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 ovecade (2002016. These are then

applied to the entire adult population across the contiguous United Stastsrtate the burdesf disease.

7



between long term exposures and respiratory effects, nervous sy$tets ahd cancer. The
Supplement to the 2019 PIBA finds that recent studies published since the cut off for inclusion

in the 2019 ISA further support these causal determinatfaden communicable diseases such

as ttose linked to PMs exposureare theleading cause afeathand disability. About 68,000

people in the United States die from heart disease eachyyearat 6 s 1 i n every 4 d
disease costs the United States about $363 billion each year from 2016 to 2017. This includes the
costof healthcareservices, medicines, and lost guativity due to deatf®

Additionally, comments submitted ®©PA by Professor Joel Schwartz on the Supplement to the

2019 PM ISAidentfyover 20 new studies, 0 nandiaatisne, thati a , Al
have not been considered in the supplemedtiacrease 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 withrhAe i mer &% di seas

Further, there has been a new systematic reviewrateanalysisof the impact ofPMz5 on

adverse perinatal outcomes, which finds consistent evidence of association between long term
PMz s exposure and risk of low birth weight (40 diees) andpretermbirth (40 studies) including
several studies carried out in Canada and the United $t&astently 8% and 10% of all babies

born every year in the United States are low birthweight (less than 2500 grams) and preterm births.
Premature antbw birth weight bakes may have more health problems or need to stay in the
hospital longer than other babies. Some of these babies alslmrfiggerm health effets, like
problems that affect the brain, lungs, hearing or vision and have higher risk of developing heart,
lung diseases and diabetes in later. feoled estimateof air pollution effects across all studies

in the metaanalysisjndicated 22 grams (95 Ul: 12, 32) lower birth weight, 11% greater risk of

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

¢ g P Imgher exposure tambientPM,s. Lowering PMzs exposures in America down to the
theoretical minimunrisk level wouldprevent2000 low birth weight babies and 11,000 preterm
births every yeat?

Both short and longterm exposures td®M:s are assoiated with significant impact on
hospitalizations and health care costs. For example, a recent study in the Medicare cohort found
that each £ g £ intcrease in shotierm average fine particulate matter levels was associated with

an average analiincreae of 3,642 hospital admissions, 20,098 total days in the hospital and $69
million in hospital and postcute care costs for weadktablished disease outconmiaghe Medicare
program acrosthe country. The authors also found that daily chang24-hourPM: s across the

STEPA. CPHEA, ORD, Supplement to the 2019 Integrated Science Assessment for Particulate Matter (External
ReviewDraft). EPA/600R-21/198September 2021 Center

38 Policy Assessment 2021. Tablel 3Key causality determinations for PM2.5 and UFP exposures. Pbge 3

39 CDC. Heart Disease Factdtps://www.cd.gov/heartdisease/facts.httccessed 12/7/2022

40 CDC. Alzheimer's Disease and Related Dementias. https://www.cdc.gov/aging/aginginfo/alzheimers.htm
41 Ghosh, Rakesh, et al. "Ambientchihousehold PM2. 5 pollution and adverse perinatal outcomes: A meta
regression and analysis of attributable global burden for 204 countries and terrikieS.edicind8.9 (2021):
€1003718.

42 Ghosh, Rakesh, et al. "Ambient and household PM2. 5 pollution and adverse perinatal outcomes: A meta
regression and analysis dfrédbutable global burdefor 204 countries and territorie?LoS medicind8.9 (2021):
€1003718Supporting informationS2 Table Numerical eBmates for the Fig&i 5 shown in each of the global
maps;CDC. Fast stats. Birth weight and Gestation. https://www.cdc.gov/nchs/fastats/birthweight.htm.
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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

cohort was associated with an increased risk of several common causes of hospital admissions
including sepsis or septicemia, a {tfeeatening reaction to a bacterial infection in the
bloodstream; fluid and electrolyte disordekgineyfailure; and intestinal obstructions.

For these diseases, each B ?intrease in shoterm average fine particulate matter levels was
associated with an average annual increase of 2,050 hospital admissions, 12,216 total days in the
hospital ad $31 milion in hospital and postcute care costIhese associations remained
consistent even when restricted to days below the curreRM2:sNAAQS 24-hour standard of
25eg/mein this time stratified, case crossover study?

Currently Medicare is thiargest pogram in the federal budget representing 12% of the federal
spending. Acting on air pollution is a public health imperative with wide rartggngfitsto the
health and economy of the nation.

B. A Strong and Growing Body of Scientific Evidence Pointsto Health Harms
from PM2s Exposure Belowthe Current Standard

1. There is Strong Epidemiological Evidencef Health Harms Belowthe
Current Standards

There is now a large body of evidence documerttisghealth harms of PM at levels below the
current standals. This includes studies where air pollution levels across the entire duration of the
study were never above the current standstdgies thatrestrict the analysis of impacts to
subpopulatios never exposed t©M. s above the current annual standardj studies that use
causal inference methods and include significant sizes of populations exp&dégktoelow the
current standard. This evidence has bearing on our understanding of hesdth efflow the
current NAAQS, in’cluding below 8 gg/m

In the Policy Assessment, Figure-3to Figure 34 summarize information across U.S. and
Canadian studies that document the impact of long teraxEXposure on mortality and morbidity
endpoints wtih are assessed in the 2019 ISA and draft ISA Suppléefheietan, 25" percentile

or minimumPM2 s concentrations, measured by monitors, across many of these studies were below
10e g P.*MMost of these studies do not find a threshold for the impad®viafs on the health
outcomesModeledPM. s exposures in the studies, especially in Canada, arestemity below

10¢ g P atong with several based in the United States which are at or belewg1® Further,

in Figure 38 to Figure 310 (eproduced belowjnean, 2% and 1¢' percentileexposures are

43Wei, Yaguang, et al. "Short term exposure to fine particulate matter and hospital admisss and costs in the
Medicare population: time stratified, case crossover stimyj'367 (2019).

44 U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for
Particulate Matte(External Review Draft, 2021)J).S. Environmental Protection Agency, Washington, DC, EPA
452/R21-001, October 2021. Pager3 - 3-74.

45 Weichthal et al 2016a, McConnel et al 2010, Miller et &ilZ2Kiomortzouglou et al 2016, Eum et al 2018:
central region.



plotted across several studies in the United Statd<Canada (including studies with monitored
exposures at6 g F).fA
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Figure 3-8. Monitor-based PMaz.s concentrations in key U.S. epidemiologic studies. (Asterisks denote studies included in the draft
ISA Supplement).

[ 5T Exposure & Mortality

I ST expomure & Morbidiry

ST Exposure & Mortality Di 2017a (US: Nationwide; ST Exposure) (o] L] ] [ LT exporure & Mertality
B T Exposurs & Moskidiey

Lee 2015b (US: 3 SE States; ST Exposure) L] Sumaary Statisties

O 10tk pereatile
: 6 NE States; ST Exposure) . [ ] @ 25tk perceaile

B Mean

Shi 2016 (US:

ST exposure & Marbidity EI::;’-“NIJJ[ J5: 7 Mid-Atlantic Statesand D.C.; ST . ™
deSouza 2021 (US: Nationwide: ST Exposure)* [ ]
Qiu 2020 {US: New England Area; ST Exposure)* =
Kloog 2012 (US: & NE States; ST Exposure) . | ]
Viyatt 2020b (US: 530 US counties; 5T Exposure)® ]
T exposure & Mortality  Thurston 2016 (US: 6 States and 2 MSAs; LT Exposure) [ ]
Hart 2015 (US: Nationwide; L T Exposure) L
Di 2017b (US: Nationwide; LT Exposure) o . [ ]
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Figure 3-10. Hybrid model-predicted PM:s concentrations in key U.S. epidemiologic studies. (Asterisks denote studies included
in the draft ISA Supplement).

46 U.S. EPA. Policy Assasnent (PA) for Reconsideration of the National Ambient Air Quality Standards for
Particulate M#ter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DE, EPA
452/R21-001, October 2021. Pagel®4- 3-106.
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peureand Crouse 2012 (Canada: 11 Cities [ ]

6.5 7.0 7.5 8.0 8.5 5.0 85 100 105 110 115 12.0 125 13.0 135
Overall PM,. Concentration for the Study Period (ug/m?)

1
2 Figure 3-9. Monitor-based PMa2s concentrations in key Canadian epidemiologic studies. (Asterisks denote studies included in the
3 draft ISA Supplement).

In the current PA, EPA states

fiWe note that, while we consider studies from Canadaun 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
concentation gradients, and source distributions in the teauntries. As a result, while

we consider the information from studies conducted in Canada, we generally place a
greater emphasis on U-Shased studieg*’

This down weighting of the evidence fromr@aa seems unwarranted, given that in the 2019 ISA

in the Supplement to the 2019 ISA and in the current PA EPA findéithah at t he evi der
not indicate that any one source or component is consistently more strongly related with health
effects than PMs massd*® Additionally, studies indicate that quita large proportion of air

pollution in urban areas of Canada ame tb transboundary air pollution from the United Stétes,

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

The difference in population density patteamsl exposure range are poor grounddowngrade
the evidence fnm these studiesince thesare unlikely to bias the estimation and shape of the

47 Policy Assessméer2021. Section 3.3.3.2.1. PM2.5 Air Quality Distributions Associated with Mortality or
Morbidity in Key Epidemiologic Studies. Page&®

48 EPA. CPHEA, ORD, Supplement to the 2019 Integrated Scien@ssment for Particulate Matter (External
Review Draf}, Section 1.5.4 (2019PA/600/R21/198

4 Jeong, ChedHeon, et al. "Receptor model based identification of PM2. 5 sources in Canadian cities."
Atmospheric Pollution Resezh 2.2 (2011): 1581 71; Ministry of the Environment, Conservation and Parks
Ontaria Canadian Ambient Air Quality Standardstps:/ivww.ontario.ca/document/aguality-ontaric2017
report/canadialambientair-quality-standard#\ccessed 12/09/2021
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concentration response functions. The lower exposures in the studies carried out in Canada should
in fact lerd themselves to the consideration of the impacBMyd s exposures at levels below the
current standards. Additionally, many of the studies carried out in Canada are of high quality, with
large populatiorbased cohorts, better tracking and have detadsdssment of confounding at an
individual level. Though ot comprehensive, these studies generally show consistent evidence of
harm, even at levels substantially below the current NAAQS, including at concentration8below
pg/mé. Some of the following studs are covered in Tables1® and 311 in the Policy
Assessment?

In a study published in Environmental Epidemiolog§ipu Awad et al. performed a causal analysis
restricted to people who werever exposedbove 12 pg/h The lowest corentration in ths

study was 5 pg/m Awad et al.found strong associations between RMxposures in that range

and annual death rates among the Medicare beneficiaries. Moreover, since the association was
with change in exposure aft@ioving andstratified on ZIP code ohitial residence (that is, it only
compared people who moved to otpeople 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.

In a study published iEnvironment InternationalDanesh Yazdi et al. examined the effect of
long-term exposure to PM and Q and hospital admissions for serious illnesses in Medicare
participants in the Southeast U.S. Wihestrictedo concentrations below 12 pgiior PMg.sand

70 ppb for Q, Yazdi et al.reported the significant associations &£ with strokes, chronic
obstructive pulmony disease, heart attacks, pneumonia, lung cancer, and heart failure, as shown
in the table belowror the southeast specifically, the Pdvhodel 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 valu®s.

Table 3
Secondary analyses: hazard ratios for exposure to average annual PM- 5 and ozone at levels below federal standards.

Stroke COPDY MI Pneumonia Lung cancer HF"

PMys5 < 12pg/m?® 1.052 1.073 1.034 1.101 1.034 1.076
(1.049-1.056) (1.071-1.076) (1.030-1.038) (1.097-1.105) (1.028-1.04) (1.074-1.079)

Ozone < 70 ppb (on all days of 1.008 1.004 0.998 1.030 1.000 1.011
zip code-year) (1.007-1.010) (1.003-1.006) (0.996-1.000) (1.028-1.032) (0.997-1.004) (1.009-1.012)

Hayes and coworkers examined £Mand cardiovascular deaths in tNéH-AARP Diet and
Health Study. They reported that compared to people exposed:to<P8Aug/nt, those exposed

50U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for
Particuhte Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA
452/R21-001, October 2021. PageBl5- 3-119.

51 Awad, Yara Abu, et al. "Change in PM2. 5 exposure and mortality among Medicare recipients: Combining a
semirandomized approach and inverse probability weighgslow exposure populationEnvironmental
Epidemiology(Philadelphia, Pa.3.4 (2019).

52'Yazdi, Mahdieh Danesh, et al. "Lotgrm exposure to PM2. 5 and ozone and hospital admissions of Medicare
participants in the Southeast USAHvironment international30 (2019): 104879.
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to between 8 and 12 pgfrhad an elevated risk of cardiovascular deaths (HR 95%; Cl 1.00
1.08)>3

Schwartz published a paper using propgmscore causal modeling that directly analyzed the
effect of PM son life expectancy instead of mortality rate. He found that compared to a population
exposed to 12 pg/the same population exposed to 7.5 [fgiould have a 0.89 year longer
average lié expectancyThe 25th percentile of PM in this study wa3.33pug/m*and 70% of the
persony ear s had exgn¥ures of <12

Wei et al.>® fit a propensity score model that examined the effecPMbs on deaths after
sequentially truncating the population to only include those exposed below different thresholds. If
the cancentration response were linear, sequential truncation would neshé& 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, whilevdstless steep or exhibited a
threshold, the effect size estimates Wadecrease. This analysis also controlled fepobutants.

Rather than relative risks, they estimated the absolute probability of dying each day as a function
of annual PM2.5. As shawbelow a significant association was seen even when restricted to
exposures below 8 pg/fand the effect sizes increase at lower concentrations, indicating a steeper
slope at lower concentrations.
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The probabilities displayed in the figure abovetheeprobability of dying in one day, since days
were the unit of time analyzed. He nbokdyirg f i ndi
per day for a 1 pg/fincrement in PM5 starting from 8ug/m®*b e c o me s ~ pet ye&8rx 1 0
Carcinogens areegerally regulated if they have a 1¥licreased risk in 70 yeatr$.

53 Hayes, Richard B., et al. "PM3.air pollution and causspecificcardiovascular disease mortalityriternational
journal of epidemiology9.1 (2020): 2535.

54 Schwartz, Joel D., et al. "Estimating the effects of PM 2.5 on life expectancy using causal modeling
methods.'Environmentahealth perspectives26.12 (2018): 127002.

S5Wei, Yaguang, et al. "Causal effs of air pollution on mortality rate in Massachusetsrierican journal of
epidemiologyl89.11 (2020): 1316323.

56 Wei, Yaguang, et al. "Causal effects of air pollution ontaiity rate in Massachugst" American journal of
epidemiologyl89.11 (2020): 1316323.
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Yitshak-Sade and coworkers (2020) used propensity score matching to examine the effect of daily
PM.s. They divided days in Massachusetts into those above 10.6 (than73" percentie) and

those below. They matched people above and below 10.6° pgim had the same propensity
score and found a causal effect of being above 10.63mimardiovasculardspital admissions

with over 10,000 additional cases attributable to being at gieehiexposure’

Danesh Yazdi 2021 analyzed the Medicare population restricted to people exposed to12M

ug/n. She reported a significant association with mortality in a doubly robust model. The 25
percentile exposure in this population was&.gn3. The authore st i mat e appr oxi mat
attributabl e delalt h9%0 &8 mitinc@dse iPNs9 8 7

Schwartz 2021 used a novel setintrolled design (which is a robust method for controlling for
confounding) which compared expws in the year subjects died to exposure of the same subject

in all eligible yearsDuring the 16 years of followp 0f6,452618 people in the stud$6% of the
participants never had annual WhénMize.abalysssxwase e d 1
restricted to concentrations below 12 pd/the authorseported a stronger association. Notably,

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

level slowly varying covariates, measured or unmeasured, cammoucad in this study design.

The association was found to be larger among black populafions.

Another studyby Wei and coworkrs (2021) examined mortality risks in 74 million Medicare
participants. Controlling for epollutant exposures and using a praggnscore approach they
reported significant associations with Ptlown to the lowest exposure level. The effects are

shownbelow.
A. Chronic PM, 5 exposure and mortality

1.204

1.154

1.10 1

Relative Risk

National
standard

1.054

R R e e

4 6 8 10 12 14 16
3
PM2 5 (ug/m”)

STYitshak Sade, Maayan, et al. "Lowering Air Pollution Levels in Massachusetts May Prevent Cardiovascular
Hospital Admissions.Journal of the American College of @#logy 75.20 (2020): 2642644.

58 Yazdi, Mahdieh Danesh, et al. "Lotgrm effect of expose to lower concentrations of air pollution on mortality
among US Medicare participants and vulnerable subgroups: a dmithigt approachThe Lancet Planetary
Health5.10 (2021): e68@697.

%9 Schwartz, Joel D., et al. "A setbntrolled approach to suwal analysis, with application to air pollution and
mortality." Environment International57 (2021): 106861.
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Specifically, the RRs of mortality associated with chronic exposufeMgs was 1.022 [95%
confidence interval (Cl), 018 1.025] at 6.60 pg/fM(the 2nd decile group) compared to the lowest
decile of exposuré’

Pinault analyzed the Canadian Community Health Survey cohort of 300,000 people across Canada
and found PMs was associated withonaccidental (HR = 1.26; 95 %I1C1.191.34) and
circulatory disease (HR = 1.19; 95 % CI: 1-DB1) mortality®* The mean annual PMin the

study was 6.3 pg/fhand the 9% percentile was 11.3 pgAnHence essentially the entire
association occurred below the current NAAQS. An anslgemparing model fit at multiple
possible thresholds found the best fit for a threshold of 0{1g/m

Vodonos et alconducted a metanalysis in2018 that examined oveDOQ effect estimatesom

52 cohorts, 14 of which had mean exposures below 103ugditmey considered studies showing
cardiovascular mortality impactmndall-cause mortalitympacts Integrating the literature, they
found that the effect size for all causeaths varied with the me&M-. sconcentration, with the

slope increasing at lower roentrations (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 Oaatoto 5 pg/nd or less.
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The Vodonos analysasoreports summary effects for cardiovascular mortality (1.46 (1.55),
respiratory mortality 1.13 (0.8%.41), and Lung Cancer (1.22 (0i8739). This should be cited
as supporting the conclusion of effe down to 5 pg/rfand supporting effects for caodiascular,
respiratory, and Lung Cancer deaths. Importantly, the analysis found effect modification by the
type of exposure assessment BM,.s. Specifically, studies using exposure assignment that had
less exposure error produced larger effect size awsrthan studies with more exposure error.
This deals with a contentious issue about the role of exposure error in these &udies.

80Wei, Yaguang, et al. "Emulating causal dossporse relations between air pollutants and mortality in the
Medicare population.EnvironmentaHealth20.1 (2021): 110.

51 Pinault, Lauren, et al. "Risk estimates of mortality attributed to low concentrations of ambient fine particulate
matter in the Canadiacommunity health survey cohorEhvironmental healti5.1 (2016): 115.

62\Vodonos, Alina,yara Abu Awad, and Joel Schwartz. "The concentratesponse between loitgrm PM2. 5
exposure and mortality; a meategression approach." Environmental resed@h (2018): 67689.
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Another similar assessment of evidenc®bk simpacts on all causend cause specific mortality

was undertaken by ChemdiHoek in 2026 and the World Health Organization Air Quality
Guideline 202%* working group in order to develop guideline levels of long tBiy 5, that is,

the lowest levels of exposure for which there is evidence of adverse health effects. Theisystemat
review onPM s and all noraccidental 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 GRADErepdrted metandytic effect
estimate of RR of 1.08 (95% CI: 1:06.09). In order to determine the Air Quality Guideline
(AQG) the working group evaluated the lowest levels in the 25 studies included metiae
analysis The five lowest levels reportext estimated inttese studies were 3.0 pg/m? (Pinault et

al., 2016), 3.2 pg/m? (Cakmak et al., 2018), 3.5 pg/m?3 (Pinault et al., 2017), 4.8 pg/m?3 (Villeneuve
et al., 2015) and 6.7 ug/m3 (Weichenthal et al., 2014), making up 25% of the weight of the studie
in the metaanalsis. The WHO working group after consideration of cause specific mortality
risks chose a AQG of 5 pg/m3 for taanualPM s.

The supplemental ISAescribeother studies with similar findings. It states:

AWang et al . -Cavhé&s26dgl. (282nobserViéd linelar, nthreshold
concentration response relationships for
in therelationship down to a concentration of 5 and 9 pug/ms, respectively. Using exposure
categories (i.e., quinés of exposure)testimate the shape of the concentratesponse
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
concentratio-response relatiship 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 ofléxible, but monotonicallyjondecreasing functions to select the best fitting
model of the concentratiem@sponse relationship. Most the studies that used the SCHIF
approach (Christidis et al., 2019; Pappin et al., 2019; Pinault,e20dl7) identified a
supralinear concentratienesponse relationship at relatively low PM2.5 concentrations (<5
pg/m3) (for example, see Figure23). In contrast, Zhang et al. (2021) applied the SCHIF
approach to their analysis of the Ontario Healthd$tand identifieda sublinear
concentratiorresponse relationship, with a more shallow slope observed for PM2.5
concentrations <8 pg/m3. Analyses of expostategoriesi(e., quartiles) by Zhang et al.
(2021) provides additional support for a sublineamaentratiorrespamse relationship. A
similar sublinear relationship was reported by Pope et al. (2019) for a U.S. cohort (Figure
3-28).

53 Chen, Jie, and Gerard Hoek. "Loteym exposure to PM and @lhuse ad causespecific mortality: a systematic
review and metanalysis." Environment international (2020): 105974.

64 World Health Organization. "WHO global air qualijyidelines: particulate matter (PM2. 5 and PM10), ozone,
nitrogen dioxide, sulfur dioxide armhrbon monoxide." (2021).
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Source: Copyright permission pending from Pope et al. (2019).
Note: Shaded area represents the 95% uncertainty bounds.

Figure 3-28 Estimated concentration-response associations between PM2s
and all-cause mortality with a flexible modeling approach within
the NHIS cohort.

In addition to statistical analyses of the concentrateaponse relationship, several
studiesconducted thréwld analyses to 8mate associations between-afluse mortality
and PM2.5 concentrations below a certain concentration. Pinault et al. (2017) reported that
HRs remained positive and statistically significant when examiningaut categories of
01 5d ami 10 Oghmj hi whebht HRs for the 015 Og/r
supralinear concentratiemesponse function estimated by the SCHIF analysis. Wang et al.
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(2020) observed that HRs remained positive and statistically significant wheantirggtri
analyses togrticipants with exposure concentrations below 8, 10, 8 or 12 pg/ms3. Similarly,
Ward-Caviness et al. (2020) and Wu et al. (2020a) reported that HRs remained positive
and statistically significant when restricting analyses to participaitis exposure
coneentrations below 12 pg/ms3. Zhang et al. (2021) noted that HRs remained positive and
statistically significant when only participants with exposure concentrations below 10
pHg/m3 were included, though the results were positive, but ateshuand no longer
statistically significant when restricting to exposure concentrations below 8.8 pg/ms3. In
addition to examining the - relationship between loigrm PM2.5 exposure and -all
cause mortality, a limited number of studies evaluated tfer€lationship with ause
specific mortality. Wang et al. (2020) reported a linearthmeshold CR relationship for

both cardiovascular and respiratory mortality. When the authors adjusted for ozone, the C
R relationship remained the samedardiovascudr mortality, buttie GR relationship for
respiratory mortality became supralinear below 10 pg/ms3. In threshold analyses, Wang et
al. (2020) observed that HRs remained positive and statistically significant when restricting
analyses to participants witkgosure concentrans below 8, 10, or 12 ug/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 rangd PM2.5 concenttai ons exami ned increased
and finally to over 20 pg/ms3. When evaluating deaths due to diabetes, Lim et al. (2018)
observed a linear-R relationship, with the greatest confidence between 10 and 15 pg/ms.
Overall, recat studies that eWaated the ER relationship for longerm PM2.5 exposure

and causespecific mortality are consistent with those that examinedaalte mortality.

In conclusion, consistemtith the conclusions of the 2019 PM ISA, recent studies
provide evidencethaton t i nues t 0o s uppor-Rre@atiohshi;mfer larlg, n o
term PM2.5 exposure and-aluse or causgpecific mortality across the range of exposure
concentrations observed in North American cohort studies, with some studies
chaacterizing the €R relationship with certainty down to 4 pg/ms. The evidence remains
clear and consistent in supporting athceshold relationship, and in supporting a linear
relationship for PM2.5 concentrations >8 pg/ms3, based on a large number iafs stud
However, someincertainties remain about the shape of tHe €urve at relatively low
PM2.5 concentrations (<8 pug/m3), with some recent studies providing evidence for either
a sublinear, linear, or supralinear relationship at these lower concergration

Furthermoregevidence of harm below 10 pghis provided by the studies of Pinault, Hayes, Wei
(2020), Wei (2021), Wang, Wai@aviness, Elliot, Christidis, Papin, and Zhang. Effects below 8
me are supported by the studies of Pinault, Wei (2020}, (2@21), Wang (2R0), Christidis
(2919), Pappen (2019), and Hayes (2020)gemeralthese 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 Advakes in Epidemiologcal 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 quesiaonsd out somkmited analysisand
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made assertions that underpie criteria by which they decide the range of potential alternate
standards selected.

One of the questions they pose is:
fiHow can the approaches used in key epidemiologic studiesrnt@mtsexposure affect the
studyreported mean PM2.5 concentrations@wido these approaches and the resulting
means compare to one anothef®?

In answering this question, the EPA uses the AtlaB#ady SpringsRoswell CBSA in Georgia

to assess differees between monitored levels (average & design values) and average
coneentrations predicted using the Di et al 2019 hybrid model (EPA refers to as: DI2019).

In the figure below, the gradient of Bklconcentrations are shown for 1 km by 1 km grid cells
using the DI2019 hybrid approach, from 2€2@16, as well as the monitlcations within the
AtlantaSandy SpringsRoswell CBSA and their annual PM2.5 design values for 2016.

6 65 7 75 B8 85 9 95 10 105 11

Figure 3-7. Estimated PM: s concentrations using the DI2019 hybrid approach and
monitoring locations and design values for the state of Georgia and the Atlanta-Sandy
Springs-Roswell, Georgia CBSA. (Note: Additional information on the DI2019 hybrid
approach is described in section 2.3.3.1.4 and in D1 et al., 2019a.)

66
EPA finds that fora | | monitors within the CBSA, the aver
while the design value (based on the highest mmdt®M2.5 concentration in the area) is 10.4
eg/ m3.

85 Policy Assessment 2021. 3.3.3.2.1 PM2.5 Air Quality Distributiorsdisted with Mortality or Morbidity in
Key Epidemiologic Studief?age 298.
66 Policy Assessment 2021. FigureZ3Page 39
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In comparison using the DI2019 EPA calculates: (1) the average concengetoss 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., AtlantaSandy Spring&RRoswell CBSA), lhe average PM2.5 concentration when taking the
mean of all grid cells i-webPgBted/ m8Banwhser 8as8
Georgia, the average PM2.5 concentration usin
the populatiorveight ed st at ewi de average of 9.1 eg/ m3.

EPA st afAmlgsestekhibit thafiaverage 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 whesmpared to average annual PM2.5 concentrations

with population weighting applied. Thi s i s derived from another
2-6, Chapter 2’

This is to be expected since monitors are placed in urban areas, often with higher lewels of
pollution than other areas and the design values are computed on the basis of the highest monitored
values.

EPA assumes that this approach reflects @A so0me
studies to c o Myproeamlyss abovivgs dome ta cagy. oot 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 valiee 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 cod&%’%) and assign time varying estimat&sass the populationsver the

entire studyThus,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 ritors and those usingybrid 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 thzip codescompared d 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 Figuad e

Policy Assessmenteproduced earlier in our comments.

57 Policy assessment 2021. Section 2.3.3.2.4 Comparison of PM2.5 Fields in Estimating Exposure and Relative to
Design Values. Tabl26, Page 50.

58 U.S. EPA. Policy Assessment (PA) for Reconsidien of the National Ambient Air Quality Standards for
Particulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, BDC, EPA
452/R21-001, October 2021. PagedB.

59Wu, X., et al. "Evaluating the impact of longrmexposure to fine particulate matter on mortality among the
elderly." Science advancés29 (2020): eaba5692.

0 Di, Qian, et al. "Air pollution and mortality in the Medicare populatioseiv England Journal of Medicine

376.26 (2017): 2512522.
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In the publication of the DI2019 modélevaluations indicate a) that the relationship between
predicted and monitored values remains linear from O to 60 pg/m3 and b) that the uncertainty in
the réationship was smallédetween 4 and 15 pug/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 pug/m3.

15 20 25 30

Predicted PM; 5 (ug/m’)
10

0 5 10 15 20 25 30
Monitored PM; .\{pg[m"]
Fig. 4. Relationship between monitored and predicted PM, 5 at annual level.
We regressed annual averaged PM,s predictions from the ensemble model

against annual averaged monitored PM: 5 in a generalized additive model, with
spline on the monitored PM, 5 Dashed lines represent 95% confidence interval.

In comments on the previous BMproposed standard Professor|J8ehwartz submitted ata

where he fit model predictions to BMmeasurements at over 1900 monitoring statidrse

compared the predicted annual average Pafleach location to the measurements. The difference

is the error in the estimated concentratiTo see how the emrwariance changes with Blyl
concentrations, his team squared each error, and then smoothed the squared errors vs. the measured
PMys concentrations at those monitors in those years. This estimates how the error variance
changes wh concentration. The selts are shown on the plot below. They clearly show that the
exposure error ismaller at concentrations below 12 pgfmot larger, as EPA asserts. This makes

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

1 Di, Qian,et al. "An ensemblbdased model of PM2. 5 concentration across the contiguous United States with high
spatiotemporal resolutionEnvironment international 30 (2019): 104909.

72 Comnents submitted by J. Schwartz, Ef#Q-OAR-201500720569, Jun 5, 2020.
https://www.regulations.gov/comment/ERAQ-OAR-201500720569
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A more accurate compgaon 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 monitoniegrsthe U.S. were gressed 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 0.6253%agitha slope of 0.956.This
represents very little bgain the exposures. Obarse, 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 staelevant for the anali standard, and is the exposure used in

t he cohort st udi e sThdrésalts indicateeden tess bias; thexnteceptuvase . A
0.077, and the slope was 0.969. There is clearly no noticeable bias here, and thereéasono

to believe that a effect seen at model predicted annual values of e.g. & jsgfat 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 concentrasgan’*

This indicates tha the DI2019 hybrid model does not underpredict exposures and the
exposures andeffects seen at lower levels in the studies using these methods should be
considered strongly in deciding alternative standards to protect health

The Policy Assessmentfocsse on t he mean ¢ on c ethdrerissignificantly i n st
greater confidence in the magnitude and significance of observed associations for the part of the
air quality distribution corresponding to where the bulktteé health events in eagtudy have

3 Di, Qian, et al. "An ensembibased model of PM2. 5 concentration across the contiguous United States with high
spatiotemporal resolutionEnvironment international 30 (2019): 104909.

“Publiccomment submitted by Joel S ¢ h virtee RécansideratioreoPthe on A Pol i c
National Ambient Air Quality Standards for Particul ate
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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.

This underpins the consideration of exposure levels in key epidencalstudies:

fiwhat are the overall mean PM2.5 concentrations reported by key epidemiologic studies? For
studies with available information on the broader distributions of exposureag¢ssimnd/or health
events, what are the PM2.5 concentrations corredpanto the lower percentiles of those data
(e.g., 25tHhH® and/or 10th)?0

Using the mean or 25th or 10th percentile exposure in an epidemiological study is not the typical
method of ascéaining uncertainty in an effect estimate across the range of exposuress t d o e s n
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 Medicar¢, dohexample, had

637 million persoryears of observation. Hence teewere 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 generateidente if it were a separate study on its own.

Statistical tools usednithe 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 i wh e r fdencednsan assokciatidc he ob
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

Two studies that explicitly mad effects across therrge 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 pg/nt in the Wei et al. papers come with an appropriately computed confidence intévical,

is far from includng the null’’,”® This despite it being only the ®@ercentile of the exposure
distribution. The spline models and the models that excluded higher observations also have
confidence intervals. While it tsuethey are smallest ae the mean, this doestrmoean that they

were not small elsewhere. These models correctly estimate the uncertainty, including taking into
account how many events occurred at that exposure.

> U.S. EPA. Policy Assessment (PA) for Reconsideration of the National Ambient Air Quality Standards for
Paticulate Matter (External Review Draft, 2021). U.S. Environmental Protection Agency, Washington, DC, EPA
452/R21-001, October 2021. Paget5.

6 Policy Assessment 2021. Page G2

T Wei, Yaguang, et al. "Emulating causal dossponse relations between air pollutants and mortality in the
Medicare population.Environmental Healtt20.1 (2021): 110.

8 Wei, Yaguang, et al. "Causal effects of air ptitin on mortality rate in Massachetts." American journal of
epidemiologyl89.11 (2020): 1316323.
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A. Chronic PM, 5 exposure and mortality
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Additional studies have also@stained confidence inteals and the shape of the dose response
relationship across observed exposures, including studies in the Supplement to the Integrated
Science Assessment.

AWang et al . -Ca&ife8s0et al. 4202D) oWsarved linear;tmashold
concent r ase relationships mtaial (nonaccidental) mortality, with confidence
in therelationship down to a concentration of 5 and 9 pug/ms, respectively. Using exposure
categories (i.e., quintiles of exposure) to estimate the shape ajrthentratiorresponse
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 coneentration
response relationship using a Shape Com&da Health Impact Funan (SCHIF)
approach to model the function (Zhang et al., 2021; Christidis et al., 2019; Pappin et al.,
2019, Pinault et al ., 2017) .0
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This also includes a study by Pope et al in 2019, which included 1.5 million Americans who
partiapated in théNational Halth 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 pg/ms.

All cause [HR (95% CI)]

Cardiopulmonary [HR (95% ClI)]

1.0 = - - T
5 10 15

PM, s (ug/m?)

Figure 4. Estimated concentratiorspons associations between PM2.5 anecallise (A) and cardiopulmonary (B)
mortality using the subcohort and basic CPH model with the flexible modeling approach, adjusting for age, sex,
raceethnicity, income, educatipmarital status, urban versus rural, fgnregions, 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 numbebsérvationsanalysis could be
exparded to include a better understanding of impacts at lower exposure levels with a more robust
uncertainty analysis.

3. Studies Indicate That Reduction in PM.sResult in Improved Health of
Populations

The Policy Assesment reviews several accountability $&sgwhich find that reductions in Bl
are associated with reductions in hospital admissions, bronchitic symptaérgaarold children
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with and without asthma, mortality, higher life expectancy, and improvegdcowth in children.
These are summasd in Table 312 of the current Policy Assessméht.

The Policy Assessment should also consider the findings of the study by Garcia et al 2019, which
find that, in a longitudinastudy of4140 children, decreasesambient PMs between 1993 and
20l14wee significantly associated WdetrdaselinclPer as't
was associated with a reduction of 1.53 cases per 100 pgram in asthma incidence after
accounti ng f or irthg $ex, raceramd rethnscity chestorgadtinfa, 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 residentiaf’%uigess.
finding was further strengthened by a ralgsis, using causal inference methods, which founds

t h atad PM2.5 concentrations remained at their 1993 levels, andbierveddecline not
occurred, the asthma incidence rate among our study population henddoeen 9.8% higher

(95% CI, 0.9% to 20%) compared with the natural course. Had all communities experienced
PMz s concentrations 30% lower than levels observed, the asthma incidence rate would have been
an estimated 12.8% | ower (95% CI , 1T23.9% to
expas u r3%eThis study and the literature reviewed in the Policy Assessinditates that
attaining lower levels of P4 are accompanied with significant health benefits.

4. There is a Significant Health Burdenof PM2.s At the Current Standard
(12¢ g/m?3) and Major Potential Health Benefits Of Stronger Standard

ThePolicy Assessment statesh dot theffull set of 47 study areas from Tabié8and Table 3
15, which include approximately 30% of the U.S. population agegb3@re as follows:

A Up tOdeathssn 2216 are attributable to ldagm PM.sexposures assited with
air quality just meeting the current annual andh@adr PM2.5 standards, with a 95th
percentile confidence interval of 30,880,000. This constitutes up to 8% alf-cause
mortality in adults age 399 (Table 314).

A | mpact s adecease byttd 7#bavhem dir quality is adjusted to just meet an
alternative annual standard with a level of 10gdms3or by 1-2% when adjusted to just

meet an alternative 2dour standardvith a level of 30ug/m3 This corresponds to up to

7,440 (5,0460,830) fewer deaths per year attributable to {ergnPM.se x pos®r es . o

Additionally, fort he 30 CBSAO6s (25% owhere theeannuatdndlard $S p o p
controlling the air gality,2® 38,900 deaths (26,60%1,000) are attributed tBMz5 when just

meeting the current standard 12 pug/ms3 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

7 Policy Assessmentd21, page 422

80 Garcia, Erika, et al. "Association of changes in air quality with incident asthma in children in California, 1993
2014." Jama321.19 (2019)19061915.

81 Garcia, Erika, et al. "Effects of poliegriven hypothetical air pollutant interventions on childhood asthma
incidence in southern CaliforniaProceedings of the National Academy of Scielid&s32 (2019): 158835888

82 Policy Assessment 2021, Section 3.4.2.1.Summary of Risk&ss for the Full Set of 47 Urban Study Areas
page 3139.

83 Policy Assessment 2021, Tablel 3, page 3141.
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11ug/m3 10ug/m3 9ug/m3 and §ig/m3 when controlling sourcesf @ollutants that give rise to
secondary’M. s as the main process for achieving the alternate standards.

It is likely that even though the EPA has undertaken several assessments of unagerthmty
Policy Assessment some of the model specificationenastimate the full health burden at the
current standard and the benefits of alternate arfPlMak NAAQS. In this currenassessment
andthe key findings (reported above) of the assessmieAtuses county level baseline mortality
rates, non race speicifconcentration response functions, and Baysd@mnscalingmodel to
combine chemical transport model outputs with monitor data at a 12 km resolution. A recent high
resolution risk assessmegarried out by EDF and collaborators at George Washingtoretsity
indicate that using baseline mortality rates that vary within a given county in the Bay Area resulted
in 15% larger attributable mortality rates s across Alameda Counfy.

Additionally, the same study fourthatPM s levels varied dramatally across the Safrancisco
Bay Area (318.5ug/m?3 in 2016, as estimated by a hybrid moddie estimated health impacts
in the Bay Area of this exposure were 3080 premature deaths, 55@ases\of childhood asthma,
720 asthma emergency room visitsd 360 hospital admissions, all attributed toR&&posuré®

Similar results were also seen in a national health risk assessnitivit 9And mortality carried

out by Vodonos et al 2021. Thssessment used the 1% 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 schiselinedisease rateg.he authors found that using thekm?

spatially resolved exposurdata resulted in 13% higher health impacts in comparison to the
impacts assessed using county average exposures and county scale baseline dis€gss rates
difference was even higher when thigh-resolutionexposure dat was combined with zipced

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

Essentially, coarse resolution concentration datasets may dilute high urban concéftrations
particularly when high concentrations overlap witensely populated are#sMost studies
reported that grid resolution substantially influences results, wittseogesolutions leading to

84 Southerland, Veronica A., Susan C. Anenberg, Maria Harris, Joshua Apte, Petagl,aron van Donkelaar,
Randall V. Martin, Matt Beyers, and Ananya Roy. "Assessing the Distribution of Air Pollution Health Risks within
Cities: A NeighborhoodScale Analysis Leveraging HigResolution Data Sets in the Bay Area, California."
Environmenthhealth perspectives 129, no. 3 (2021): 037006.

85 van Donkelaar A, Martin RV, Li C, Burnett RT. 2019. Regional estimates of chemical compositiioa
particulate matter using a combined geosciestatistical method with information from satellites, aets, and
monitors. Environ Sci Technol 53(5):252%11, 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 higdpatiotemporal resolution model, EnvironmeiRakearch,
https://doi.org/10.1016/j.envres.2021.110904.

87 Korhonen, A., lehtomaki, H., Rumrich, I., Karvosenoja, N., PaunuW,.Kupiainen, K., et al. (2019). Influence
of spatial resolution on population PM2.5 exposure and health impacts. Air QA#litysphere & Health, 12(6),
705 718. https://doi.org/10.1007/s1186929-00690-z

814, 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 comggoenQuality, Atmosphere & Health, 9(1), 638.
https://doi.org/10.100€11869015-0321z
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PM. s concentration underestimaf®8°Thus it is likely that the current burden of diseastt the
existingstandads and the potential benefit of stronger standasaldd bothbe larger.

The ongoing burden (as estimated by the quantitative risk assessment) of mortality attributable to
PM:z s levels at the current standards and the potential sizable reductions uletkiapalternate

annual standard (37% foug/m3 provides motivation angustification to tighten theéPMas
NAAQS to 8ug/ms.

II. PM2.5 Exposureand Health Impacts Disproportionately Fall On Black And Hispanic
Communities, And Setting a Stronger Standard s 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,stestrong and
growing body of scientific evidence showing serious headthms at exposure levels below the
current standard. However, the impact of exposure tesPihalth harms are not evenly
distributed, and studies from the last several years hamtitied the disproportionate burden of
PM2s on Black and Hispanic popuians. 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 haveaskly demonstrated the historical environmental injustice reflected by the

siting of polluting facilities near majoritgninority communities* and the extent of racial disparity

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

American Journal of Public Health f or e x a mp [nlen-White papulations dvexall i
experienced 1.28 times the burden of the general population, and Black populations, specifically,
experienced the greatest degree of disparity initimg ®f PM emitting facilities at national, state,
andcounty levels,budened with 1.54 times the PM ¥missio

An April 2021 study inScience Advancegeund that nearly all categories of PMemission
sources contritue t o t h e 2s@ggsurd despaiitcexprinced by people 6foor , 6 and

®Fenech, S., Doherty, R. M., Heaviside, C., Vardoul aki :
influence of model spatial resolution on simulatedrazand fine particulate matter for Europe: Implications for
health impacassessments. Atmospheric Chemistry and Physics, 18(8), ®7&%& https://doi.org/10.5194/adiB-
57652018

%0 Paolella, D. A., Tessum, C. W., Adams, P. J., Apte, J. S., Chamblis§|lS]., Muller, N. Z., & Marshall, J. D.
(2018). Effect of Model Spati Resolution on Estimates of Fine Particulate Matter Exposure and Exposure
Disparities in the United States. Environmental Science & Technology Letters, 5(i734436
https://doi.@g/10.1021/acs.estlett.8b00279

91 See, e.gVann R. Newkirk II,T r u mp A Gondiifes Environmental Racism |s Rddle Atlantic (Feb. 28,
2018), https://www.theatlantic.com/politics/archive/2018/02tthienp-administratiorfinds-thatenvironmental
racismis-real/554315/.

92 lhab Mikati, Adam F. Benson, Thomas J. Luben, Jasd®adks, and Jennifer RichmoRdyant, 2018:
Disparities in Distribution of Particulate Matter Ession Sources by Race and Poverty Staiuserican Journal of
Public Health 108, 4885, https://doi.org/10.2105/AJPRI017.304297
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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 f6r.

The study sti@s in its results:

| n 14 @tél population average BMexposure from all domestic anthropogenic sources

i s 6 .18inthegcontiguous United States; exposures are higher than average for POC,

Bl acks, Hispanics, and RA3srespegtisely) athlowerthann . 9, 7 .
average for Mhjdes (5.9 €g m

The authors estimate that:

v

0 White populations arexposed to 8% lower PMconcentrations than the average
American, from emission sources causing 60% of overall exposure.
0 Black populations are exposed td% greater PMs concentrations than the
average American, from sources contributing 78% of exgosu
0 Hispanics and Asians are exposed to:BNrom 87% and 73% of sources,
respectivel vy, and 43 p earnide nlc8e%r1 3 bisrall(00 .£7g2 |
exposure disparities, respectively.

EPA itself has recognized the environmental injustice probleseg by PM pollution.

Speci fically, EPA review documents from the 2
racial and ethnic differences in PM2Xpesures and in PM2lated health risk. Such analyses

indicate that minority populations suck &alispanic and noehlispanic black populations have

higher PM2.5 exposures than RdAispanic white populations, thus contributing to adverse health
riskinnonwhi t e poYul ations. o

The current Policy Assessment beweiislsttbsg eddertce t he s
for racial and ethnic disparities in BMexposures and PM255e | at ed heal th ri sk
Ademonstrati ng tdpapulati@k, anedticuan kaveHhighrempPMB.5 exposures

than norHispanic White populations (8. EPA, 2019, Figure 12; U.S. EPA, 2021a, Figure 3

389%. 0

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 faciltimsd facing higher

PMy s exposure burden in comparison with White American paipis. Yet the issues of air

93 Christopher W. Tessum, David A. Pdtde 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. 1BOI: 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/F0/002, 2020. Page #4.

% U.S. EPA. Policy Assessment (PA) for Beulate Matter (External Review Draft, 2021). U.S. Environmental
Protection Agency, Washington, DC, EfAA82/R21-001, October 2021. Page52.

9 Mikati, Ihab, et al. "Disparities in distribution of particulate matter emission sources by race artgt pove

status." American journal of public health 108.4 (2018)-48B; Banzhaf, Spencer, Lala Ma, and Christopher
Timmins. "Environmental justice: The economics of race, place, and pollution." Journal of Economic Perspectives
33.1 (2019): 18208.
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pollutioni related health impact inequities extend beyond exp@ane. Many of the same racist
policies, institutional practices, and poor cultural representations have caused disinvestment in
racial/ethnic minority communés, resulting in differential quality and distribution of housing,
transportation, economic pprtunity, education, food, access to health care, and beyond. All of
these inequities manifest in health disparities, higher underlying mortality rates, ater gre
vulnerability to pollutioncaused diseasé.

The Policy Assessment reviews 8 studies llaae investigated the differential effects of 2Jdn
mortality across demographic groups. This includes a study by Di et al)(2@1i¢h found that

PM:.s wasassociated with 3 times higher risk of mortality among Black elderly Americans than
White elcerly Americans among the more than 60 million Medicare beneficiaries across the United
States, between 2002012%

In a recent study published EnvironmentalHealth Perspectiveswhich used 2014 National

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

study?®® and AP3 (an integrated assessment model) to quantify the distribution of exposure and
mortality impacts ® PM.s across different racial ethnic groups, scientists at Environmental
Defense Fundrad Carnegie Mellon University (Spiller et al.) found that ignoring the differences

inthe effectsof PMson mort al ity among t he ethioityeinpolicy (O 65
health risk assessments leads to: (1) an underestimate of the ovetalitynopacts of PMsto

across all races by 9%; and (2) an undervaluation of the total elderly health economic damages of
PMzsacross the country by $100Ikwh.1%°

For Black Americans, ignoring this disparityould underestimatéhe total mortality burden of
PM2s5by 150%, and would result in 33,188 (95% CI: 32,016 to 34,8da8thsamong the elderly,
attributable to PMlsacross America in 2014. This i$% of the total mortality attributable to
PM2.5, despite the Black population only being 9% of the albdweearold population across
America.t0t

The Spiller et al. analysis also finds that a 1ijfrarease in PMs would result in 3 times, 1.5
times andl1.3 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 tera w
uniform 1 unit decrease.

97 Morello-Frosch, Rachel, et al. "Understanding the cumulative impacts of inequalities in environreatital h
implications for policy." Health affairs 30.5 (2011): 8887; PayneSturges, Devon C., Gilbert C. Gee, and
Deborah A. ConSlechta. "Confronting Racism Bnvironmental Health Sciences: Moving the Science Forward for
Eliminating Racial Inequities Environmental Health Perspectives 129.5 (2021): 055002.

% 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(2622513

91d.

100 gpiller E, Proville J, Roy A, Muller N. Mortality Risk from PM2.5: A Comparison of Modeling Approaches to
Identify Disparities across Racial/Ethnicdbips in Policy Outcomes. Environmental HedPerspectived/ol. 129,
No. 12 https://doi.org/10.1289/EHP900@Published online on Dec 8 20, Accessed Dec 10th 2021, Publication
date listed. Dec 15th 2021)

01 gpiller 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, thdificial raising of concemations on a large number of
CBSAG6s to simulate the health har msstanfardan ar
potentially obscures the existing health disparities. Despite this the Policy Assessment finds that,
when cosidering both exposure and vulnerability disparities across race/ethnicity, strengthening
the annual Pis standard from 12 to 8 ugAwould, among the elderly in 30 metropolitan areas,
prevent 4,260 Phk attributable deaths among Black Americatieely populations; 1,290 Pk
attributable deaths in Hispanic American elderly populations; 525sRiributable deaths in

Asian Americans and 28 PMattributable deaths among Native American populations; and
reduce 7,490 Pbkattributable deaths ang whie elderly population&?

102y.S. EPA. Policy Assessment (PA) for Particulatetteta(External Review Draft, 2021). U.S. Environmental
Protection Agency, WashingtoBC, EPA452/R21-001, October 2021Pages &4 & C-70 Appendix C
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