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COMMENTS OF THE NAAQS REGULATORY REVIEW & RULEMAKING COALITION 
ON REVIEW OF THE NATIONAL AMBIENT AIR QUALITY STANDARDS FOR OZONE:  

PROPOSED ACTION 
85 Fed. Reg. 49830 (Aug. 14, 2020) 

Docket No. EPA-HQ-OAR-2018-0279 
 

EXECUTIVE SUMMARY 

The United States Environmental Protection Agency (EPA or Agency) establishes and 

implements National Ambient Air Quality Standards (NAAQS) for ozone,1 in accordance with 

the Clean Air Act (CAA or Act).2  After an extensive update and review of the scientific, 

technical, and policy bases for these NAAQS, EPA has proposed to retain, without revision, both 

the current primary and secondary 8-hour NAAQS of 70 parts per billion (ppb) that were 

promulgated in 2015.3  These are the comments of the NAAQS Regulatory Review & 

Rulemaking (NR3) Coalition on that proposal.  

Briefly, the NR3 Coalition concludes: 

• Ozone air quality has improved dramatically over the decades.  Furthermore, U.S. 
air emissions of ozone precursors have decreased and are expected to continue to 
decrease due to implementation of the 1997, 2008, and 2015 ozone NAAQS, as 
well as other CAA programs. 

• EPA’s process for conducting this review of the primary and secondary NAAQS 
for ozone has been appropriate and fully consistent with the Act. 

• The Administrator’s conclusion that the current primary ozone NAAQS remains 
requisite to protect the public health with an adequate margin of safety is 
consistent with the advice he received from the EPA staff and the Clean Air 
Scientific Advisory Committee (CASAC) and is well justified in light of the 
current scientific record. 

  

                                                 

1 See 40 C.F.R. §§ 50.9, 50.10, 50.15 & 50.19.   

2 42 U.S.C. §§ 7401, et seq. 

3 85 Fed. Reg. 49830 (Aug. 14, 2020) (Proposed Rule).  
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o Controlled human exposure studies of healthy adults exercising 
intermittently during a 6.6-hour ozone exposure, which provided the basis 
for the current primary NAAQS, remain the strongest evidence of adverse 
respiratory effects from ozone exposure and do not demonstrate adverse 
effects of ozone exposure when the current primary NAAQS is attained. 

o Epidemiological evidence concerning respiratory effects and evidence 
concerning metabolic effects do not demonstrate adverse effects of ozone 
exposure when the current primary NAAQS is attained. 

o Updated assessments find that sensitive populations experience fewer 
exposures to and risks from ozone in ambient air when the current primary 
NAAQS is attained than was predicted at the time that standard was set, 
indicating that the current primary NAAQS is more protective than was 
previously recognized. 

• The Administrator’s conclusion that the current secondary ozone NAAQS 
continues to provide the requisite protection of public welfare is consistent with 
the advice he received from the EPA staff and CASAC and is well justified in 
light of the current scientific record. 

o The strongest evidence concerning adverse effects on public welfare 
continues to come from studies of reduced growth of tree seedlings, which 
were considered when the current secondary NAAQS was promulgated. 

o As EPA found in the prior ozone NAAQS review, the current secondary 
NAAQS protects the public welfare from adverse effects on the growth of 
tree seedlings. 

o CASAC’s advice is consistent with EPA’s determination that tree 
seedlings growth is a “scientifically sound surrogate” for other types of 
effects on public welfare. 

o Evidence supports EPA’s determination that the current secondary 
NAAQS protects the public welfare with regard to foliar injury. 

o The Administrator has responded appropriately to the issues that led the 
United States Court of Appeals for the District of Columbia Circuit to 
remand the current secondary ozone NAAQS to EPA. 

• Consideration of the context for this rule shows that a more stringent primary or 
secondary NAAQS would likely affect the operation and expansion of 
manufacturing and other commercial activity in the United States adversely, 
without providing any clear benefit to public health or welfare. 
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I. Introduction 

Members of the NR3 Coalition and their member companies are committed to reducing 

emissions, consistent with the requirements of the Act, to support air quality protective of public 

health and welfare, while continuing to facilitate economic growth in the United States.4  We 

have worked with EPA, states, and local authorities for decades to lower concentrations of ozone 

and ozone precursors in ambient air.  As a result, between 1990 and 2019, air quality improved, 

while the U.S. gross domestic product increased by 196 percent, vehicle miles traveled increased 

by 101 percent, population grew by 38 percent, and energy usage increased by 22 percent.5  With 

regard to ozone specifically, 8-hour average concentrations in ambient air declined 25 percent 

nationally between 1990 and 2019.6  Over this same period, emissions of nitrogen oxides (NOx) 

declined by 65 percent and those of volatile organic compounds (VOC) declined by 47 percent.7  

Emission reductions and technology innovations by member companies of NR3 Coalition 

members contributed to these reductions.  Further declines in emissions are expected to occur 

due to implementation of existing federal, state, and local programs and private sector initiatives 

aimed at reducing emissions, improving energy efficiency, and using cleaner energy technology. 

                                                 

4 Members of the NR3 Coalition previously filed comments on a draft of EPA’s Integrated Science 
Assessment for Ozone and Related Photochemical Oxidants and a draft of the Agency’s Policy Assessment for the 
Review of the National Ambient Air Quality Standards for Ozone.  See Comments on EPA’s Integrated Science 
Assessment for Ozone and Related Photochemical Oxidants (External Review Draft, September 2019), (Dec. 2, 
2019), Doc. ID EPA-HQ-ORD-2018-0274-0038; Comments of the NAAQS Regulatory Review and Rulemaking 
Coalition on EPA’s October 2019 Policy Assessment for the Review of the Ozone National Ambient Air Quality 
Standards, External Review Draft, (Dec. 16, 2019), Doc. ID EPA-HQ-OAR-2018-0279-0041. 

5 See EPA, Our Nation’s Air, https://gispub.epa.gov/air/trendsreport/2020/#growth (last visited Oct. 1, 
2020). 

6 Id., https://gispub.epa.gov/air/trendsreport/2020/#highlights (last visited Oct. 1, 2020). 

7 Id.  

https://gispub.epa.gov/air/trendsreport/2020/#growth
https://gispub.epa.gov/air/trendsreport/2020/#highlights
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II. This Review Conforms to the Act’s Requirements for the NAAQS Program. 

The NAAQS program is central to the CAA’s protection of public health and welfare 

from harmful effects of air pollution.  Section 108 of the Act directs the EPA Administrator to 

identify air pollutants present in ambient air due to emissions from “numerous or diverse mobile 

or stationary sources,” that the Administrator finds “may reasonably be anticipated to endanger 

public health or welfare,” and for which the Administrator intends to issue air quality criteria.8  

Ground level ozone is the long-standing indicator for the criteria pollutant photochemical 

oxidants.9 

After EPA has identified an air contaminant as a criteria pollutant, the Administrator 

must take specific steps to set standards for levels of that pollutant in the ambient air.  As a first 

step, the Administrator must prepare air quality criteria that “accurately reflect the 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, 

in varying quantities.”10  “[B]ased on” these criteria, the Administrator then exercises policy 

judgment to set primary NAAQS that “are requisite to protect the public health” with “an 

adequate margin of safety” and secondary NAAQS that “protect the public welfare from any 

known or anticipated adverse effects” from the pollutant in ambient air.11  Finally, EPA must 

                                                 

8 CAA § 108(a)(1). 

9 EPA, Criteria Air Pollutants, https://www.epa.gov/criteria-air-pollutants (last visited Sept. 22, 2020). 

10 CAA § 108(a)(2). 

11 Id. § 109(b)(1), (2). 

https://www.epa.gov/criteria-air-pollutants


 

5 

review both the air quality criteria and the NAAQS at least every five years and make 

appropriate revisions to them.12   

The Act also directs EPA to form a seven-member committee of scientists, CASAC, to 

advise the Administrator on the setting and reviewing of NAAQS.  CASAC is to include “at least 

one member of the National Academy of Sciences, one physician, and one person representing 

State air pollution control agencies.”13  CASAC must “complete a review” of the air quality 

criteria for each pollutant and its associated NAAQS and “recommend to the Administrator any 

new [NAAQS] and revisions of existing criteria and standards as may be appropriate” under the 

Act.14  The Act does not require that CASAC’s recommendations be unanimous.  Indeed, 

CASAC has failed to reach unanimity several times,15 once resulting in a “minority statement.”16  

Furthermore, “EPA is not bound by CASAC’s recommendations.” 17 

                                                 

12 Id. § 109(d)(1). 

13 Id. § 109(d)(2)(A).   

14 Id. § 109(d)(2)(B). 

15 See, e.g., Letter from Dr. George T. Wolff, Chair, CASAC, to the Hon. Carol M. Browner, 
Administrator, EPA, EPA-SAB-CASAC-LTR-96-008, at 3 (July 13, 1996), 
https://yosemite.epa.gov/sab/sabproduct.nsf/C146C65BA26865A2852571AA00530007/$File/casl9608.pdf 
(“[T]here was no consensus on the level, averaging time, or form of a PM2.5 NAAQS.”); Letter from Dr. George T. 
Wolff, Chair, CASAC, to the Hon. Carol M. Browner, Administrator, EPA, EPA-SAB-CASAC-LTR-96-002, at 3 
(Nov. 30, 1995), 
https://yosemite.epa.gov/sab/sabproduct.nsf/C01A1970CD2ACF74852571A900656172/$File/casac02.pdf 
(explaining that the specific level for an ozone NAAQS was a policy judgment on which panel members expressed 
individual opinions). 

16 58 Fed. Reg. 21351, 21354 (Apr. 21, 1993) (citing a Minority Statement by I.T. Higgins concerning the 
primary SO2 NAAQS).  

17 Mississippi v. EPA, 744 F.3d 1334, 1354 (D.C. Cir. 2013) (per curiam).  The Act is clear that the 
Administrator may not delegate the responsibility for setting or revising NAAQS.  See CAA §§ 301(a)(1), 307(d)(1). 

https://yosemite.epa.gov/sab/sabproduct.nsf/C146C65BA26865A2852571AA00530007/$File/casl9608.pdf
https://yosemite.epa.gov/sab/sabproduct.nsf/C01A1970CD2ACF74852571A900656172/$File/casac02.pdf
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In addition to these substantive requirements, the Act enumerates several procedural 

requirements that EPA must follow when setting or reviewing a NAAQS.18  Among these 

requirements are establishing a rulemaking docket,19 publishing a notice in the Federal Register 

of the Administrator’s proposed decision that includes a statement of the basis and purpose for 

the proposal and that specifies a public comment period,20 and providing an opportunity for oral 

submissions (i.e., a public hearing).21  The Act specifies special procedural treatment for 

CASAC’s recommendations.  The preamble to any proposed or final NAAQS must summarize 

CASAC’s “pertinent findings, recommendations, and comments” and, if the NAAQS “differs in 

any important respect from [CASAC’s] . . . recommendations, [the preamble must provide] an 

explanation of the reasons for such differences.”22  To the extent that these differences involve 

scientific judgment, the preamble must provide scientific reasons for the differences; if the 

differences involve policy judgment, the preamble may offer policy reasons for them.23   

To date, the current review has complied with the applicable substantive and procedural 

requirements described above.  Substantively, the required air quality criteria are found in an 

Integrated Science Assessment (ISA) prepared for this review.24  CASAC, whose membership 

                                                 

18 See CAA § 307(d).   

19 Id. § 307(d)(2). 

20 Id. § 307(d)(3).  The final rule must similarly include a statement of basis and purpose.  Id. 
§ 307(d)(6)(A). 

21 Id. § 307(d)(5). 

22 Id. § 307(d)(3)(C), (d)(6)(A).   

23 Mississippi, 744 F.3d at 1358. 

24 EPA, Integrated Science Assessment for Ozone and Related Photochemical Oxidants, EPA/600/R-
20/012 (Apr. 2020), https://cfpub.epa.gov/si/si_public_file_download.cfm?p_download_id=540022&Lab=NCEA 
(last visited Sept. 22, 2020) (Ozone ISA).  

https://cfpub.epa.gov/si/si_public_file_download.cfm?p_download_id=540022&Lab=NCEA
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fulfills the statutory criteria for the Committee,25 has reviewed a draft of the Ozone ISA,26 and 

provided the Administrator with written advice on the draft.27  Furthermore, after reviewing a 

draft Policy Assessment (PA) prepared by the staff of EPA’s Office of Air Quality Planning and 

Standards,28 CASAC members have offered their advice to the Administrator for his action on 

the ozone NAAQS.29   

Procedurally, EPA has opened the required public docket.30  It has published a proposed 

rule that explains the basis for the Administrator’s policy judgments,31 taking into account 

                                                 

25 CASAC Chair Anthony Cox is a member of the National Academies of Science, CASAC member Mark 
Frampton is a physician, and CASAC members James Boylan, Sabine Lange, and Steven Packham work for state 
agencies involved in air pollution control.  See 
https://yosemite.epa.gov/sab/sabpeople.nsf/WebExternalCommitteeRosters?OpenView&committee=CASAC&seco
ndname=Clean%20Air%20Scientific%20Advisory%20Committee%20 (last visited Sept. 22, 2020). 

26 See 85 Fed. Reg. 4656 (Jan. 27, 2020) (notice of a CASAC teleconference on Feb. 11-12, 2020); 84 Fed. 
Reg. 58713 (Nov. 1, 2019) (notice of a CASAC meeting on December 3-6, 2019). 

27 Letter from Dr. Louis Anthony Cox, Jr., Chair, CASAC, to the Hon. Andrew R. Wheeler, Administrator, 
EPA, EPA-CASAC-20-002 (Feb. 19, 2020), 
https://yosemite.epa.gov/sab/sabproduct.nsf/F228E5D4D848BBED85258515006354D0/$File/EPA-CASAC-20-
002.pdf (CASAC ISA Letter). 

28 EPA, Policy Assessment for the Review of the Ozone National Ambient Air Quality Standards, EPA-
452/R-20-001 (May 2020), https://www.epa.gov/sites/production/files/2020-05/documents/o3-final_pa-05-29-
20compressed.pdf (Ozone PA). 

29 Letter from Dr. Louis Anthony Cox, Jr., Chair, CASAC, to the Hon. Andrew R. Wheeler, Administrator, 
EPA, EPA-CASAC-20-003 (Feb. 19, 2020) 
https://yosemite.epa.gov/sab/sabproduct.nsf/4713D217BC07103485258515006359BA/$File/EPA-CASAC-20-
003.pdf (CASAC PA Letter).  

30 https://beta.regulations.gov/search/docket?filter=EPA-HQ-OAR-2018-0279. 

31 See, e.g., 85 Fed. Reg. at 49833, 49861, 49870, 49874, 49877, 49896, 49912. 

https://yosemite.epa.gov/sab/sabpeople.nsf/WebExternalCommitteeRosters?OpenView&committee=CASAC&secondname=Clean%20Air%20Scientific%20Advisory%20Committee%20
https://yosemite.epa.gov/sab/sabpeople.nsf/WebExternalCommitteeRosters?OpenView&committee=CASAC&secondname=Clean%20Air%20Scientific%20Advisory%20Committee%20
https://yosemite.epa.gov/sab/sabproduct.nsf/F228E5D4D848BBED85258515006354D0/$File/EPA-CASAC-20-002.pdf
https://yosemite.epa.gov/sab/sabproduct.nsf/F228E5D4D848BBED85258515006354D0/$File/EPA-CASAC-20-002.pdf
https://www.epa.gov/sites/production/files/2020-05/documents/o3-final_pa-05-29-20compressed.pdf
https://www.epa.gov/sites/production/files/2020-05/documents/o3-final_pa-05-29-20compressed.pdf
https://yosemite.epa.gov/sab/sabproduct.nsf/4713D217BC07103485258515006359BA/$File/EPA-CASAC-20-003.pdf
https://yosemite.epa.gov/sab/sabproduct.nsf/4713D217BC07103485258515006359BA/$File/EPA-CASAC-20-003.pdf
https://beta.regulations.gov/search/docket?filter=EPA-HQ-OAR-2018-0279
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CASAC’s advice.32  It has provided a 48-day period for the public to comment on the proposal,33 

and has held two days of public hearings during which commentators could provide “oral 

testimony.”34 

Because the ozone NAAQS review must be completed this year to meet the applicable 

five-year statutory deadline,35 the Agency has acted appropriately and lawfully to ensure timely 

completion of this review.36  For example, EPA took comment on a single draft of the Ozone 

ISA instead of multiple drafts of that document.  It released the draft Ozone PA without awaiting 

                                                 

32 See, e.g., 85 Fed. Reg. at 49832, 49868, 49873, 49906.  Members of the CASAC panel during the prior 
review of the ozone NAAQS have alleged that a seven-member CASAC, by itself, necessarily lacks the “breadth, 
depth or diversity of expertise and experience” to thoroughly review the draft ISA.  Letter from H. Christopher Frey, 
Ph.D., et al., to the Hon. Andrew R. Wheeler at 4, (Dec. 2, 2019), Doc. ID EPA-HQ-OAR-2018-0279-0022 (Frey 
Letter).  What these former CASAC panel members fail to acknowledge, however, is that the current CASAC 
membership is fully qualified.  See note 25, supra.  Furthermore, although the Act does not require it, at CASAC’s 
request, the Administrator appointed non-member subject-matter experts to answer questions posed by CASAC 
members.  See, EPA News Release, Administrator Wheeler Announces New CASAC Member, Pool of NAAQS 
Subject Matter Experts (Sept. 13, 2019), https://www.epa.gov/newsreleases/administrator-wheeler-announces-new-
casac-member-pool-naaqs-subject-matter-experts (last visited Sept. 22, 2020).  Members of the prior CASAC ozone 
panel also assert these additional experts lack the necessary expertise.  Frey Letter at 4.  However, they provide no 
support for this assertion.  In fact, each of the subject matter experts has published on issues directly related to the 
review of the ozone NAAQS.  Several of them authored papers cited in the Ozone ISA, in some cases with co-
authors who are among the former panel members who signed the Frey Letter.  See, e.g., E.C. McDonald-Buller, 
D.T. Allen, N. Brown, D.J. Jacob, D. Jaffe, C.E. Kolb, A.S. Lefohn, S. Oltmans, D.D. Parrish, G. Yarwood, L. 
Zhang, Establishing Policy Relevant Background (PRB) Ozone Concentrations in the United States [Review], 45 
ENVIRON SCI. TECHNOL.  9484-97 (2011) (Frey Letter signatory D.J. Jacob co-author with subject matter experts 
Daniel Jaffe and David Parrish); R. McConnell, K. Berhane, F. Gilliland, J. Molitor, D. Thomas, F. Lurmann, F; 
Avol, E; Gauderman, WJ; Peters, JM. (2003), Prospective study of air pollution and bronchitic symptoms in 
children with asthma, 168 AM J RESPIR. CRIT. CARE MED. 790-797 (Frey Letter signatory Edward Avol co-author 
with subject matter expert Duncan Thomas).  CASAC noted that the non-member experts “provided valuable 
insights and responses and useful information.”  CASAC PA Letter, Consensus Responses at 1. 

33 85 Fed. Reg. at 49830. 

34 Id.; EPA, Public Hearing on Proposal to Retain the Ozone National Ambient Air Quality Standards for 
Ozone, https://www.epa.gov/ground-level-ozone-pollution/public-hearing-proposal-retain-ozone-national-ambient-
air-quality (last visited Sept. 22, 2020). 

35 The final rule resulting from the previous review was published in the Federal Register on October 26, 
2015, with an effective date of December 28, 2015.  80 Fed. Reg. 65292 (Oct. 26, 2015). 

36 EPA did not begin this review until instructed to do so by the new Administrator in May 2018.  See 
Memorandum from E. Scott Pruitt, Administrator, EPA, to Assistant Administrators at 2 (May 9, 2018), 
https://www.epa.gov/sites/production/files/2018-05/documents/image2018-05-09-173219.pdf.  

https://www.epa.gov/newsreleases/administrator-wheeler-announces-new-casac-member-pool-naaqs-subject-matter-experts
https://www.epa.gov/newsreleases/administrator-wheeler-announces-new-casac-member-pool-naaqs-subject-matter-experts
https://www.epa.gov/ground-level-ozone-pollution/public-hearing-proposal-retain-ozone-national-ambient-air-quality
https://www.epa.gov/ground-level-ozone-pollution/public-hearing-proposal-retain-ozone-national-ambient-air-quality
https://www.epa.gov/sites/production/files/2018-05/documents/image2018-05-09-173219.pdf
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a final ISA or CASAC’s advice on the draft Ozone ISA.  Additionally, EPA included discussion 

of its assessment of risk and exposure in the draft Ozone PA instead of issuing a separate risk 

and exposure assessment (REA).   

Some have questioned or criticized EPA’s decision to complete the NAAQS review in 

this manner.37  Despite questions that have been raised about timing,38 the Act does not require 

issuance of a final ISA prior to issuance of a draft PA and such action is not unprecedented.39  In 

this instance, CASAC’s commentary on the draft ISA and the draft PA and the final ISA itself 

were all available to EPA prior to the Agency’s finalizing the PA.40  Despite concerns expressed 

about the release of a single draft of both the ISA and PA,41 the Act does not require that 

multiple drafts be made available for review.  In addition, while questions have been raised about 

the lack of a separate REA,42 precedent exists for inclusion of risk and exposure analyses in a 

                                                 

37 See, e.g., Frey Letter at 5-7.  

38 See, e.g., id. 

39 For example, EPA released a draft PA for its most recent review of the primary NAAQS for sulfur 
dioxide in August 2017, 82 Fed. Reg. 43756 (Sept. 19, 2017), prior to the release of the final ISA in December 
2017.  82 Fed. Reg. 58600 (Dec. 13, 2017). 

40 85 Fed. Reg. 31182 (May 22, 2020) (Final Ozone PA); 85 Fed. Reg. 21849 (Apr. 20, 2020) (Final Ozone 
ISA), CASAC ISA Letter, CASAC PA Letter. 

41 Frey Letter at 6. 

42 Id. 



 

10 

PA.43  In short, the process that EPA is using for this ozone NAAQS review comports with the 

Act’s requirements.  Nothing more is required.44 

Moreover, EPA’s desire to complete its review of the ozone NAAQS by the statutory 

deadline is certainly warranted.  This deadline is judicially enforceable.45  One court explained 

that EPA cannot justify missing that deadline because it desires further scientific assessment, 

saying:   

Excuses for delay must go beyond the general proposition that 
further study and analysis of materials will make final agency 
action better, because further study will always make everything 
better, and it is always easier to do something with more rather 
than less time.46 

Completion of this review of the ozone NAAQS in compliance with the time provided by 

the Act and with the Act’s substantive and procedural requirements is clearly appropriate and 

reasonable. 

III. The Administrator’s Proposals to Retain the Current Primary and Secondary 
NAAQS Are Both Reasonable and Rational Based on the Current Scientific Record. 

When setting and reviewing primary NAAQS, the Administrator exercises public health 

policy judgment in light of the scientific evidence to set standards that are requisite to protect 

                                                 

43 See, e.g., EPA, Review of the Primary National Ambient Air Quality Standards for Nitrogen Dioxide:  
Risk and Exposure Assessment Planning Document, EPA-452/D-15-001 (May 2015), at 5-2 to 5-3, 
https://www.epa.gov/sites/production/files/2020-07/documents/20150504reaplanning.pdf  (last visited Sept. 22, 
2020) (“[A] separate REA will not be generated and CASAC will review the analyses comparing ambient NO2 
concentrations to health effect benchmarks, including staff’s interpretation of the results of these analyses, as part of 
its review of the PA.”). 

44 See Vermont Yankee Nuclear Power Corp. v. Nat. Res. Def. Council, Inc., 435 U.S. 519, 524 (1978) 
(“Agencies are free to grant additional procedural rights in the exercise of their discretion, but reviewing courts are 
generally not free to impose them if the agencies have not chosen to grant them.”). 

45 See CAA § 304(a)(2).  See also, Envtl. Def. Fund v. Thomas, 870 F.2d 892, 900 (2d Cir. 1989). 

46 Am. Lung Ass’n v. Browner, 884 F. Supp. 345, 347 (D. Ariz. 1994) (internal citations omitted). 

https://www.epa.gov/sites/production/files/2020-07/documents/20150504reaplanning.pdf
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public health, allowing an adequate margin of safety.47  In exercising that judgment, the 

Administrator must set NAAQS that are “not lower or higher than is necessary.”48  The NAAQS 

must protect sensitive population groups, but need not protect the most sensitive individual.49  

The standards need not eliminate all risk.50  Although the NAAQS must provide “an adequate 

margin of safety,”51 how best to account for that margin of safety is a matter for the 

Administrator’s judgment.52  Courts defer to the Administrator as long as his/her judgment is 

reasonable and adequately explained.53 

Similarly, when setting secondary NAAQS that protect against known or anticipated 

adverse effects on public welfare, the Administrator must exercise public welfare policy 

                                                 

47 See Mississippi, 744 F.3d at 1344 (“[T]he NAAQS review process includes EPA's public health policy 
judgments as well as its analysis of scientifically certain fact . . . .”); Lead Indus. Ass’n, Inc. v. EPA, 647 F.2d 1130, 
1147 (D.C. Cir. 1980) (when available information is insufficient, “the Administrator's decisions necessarily . . . rest 
largely on policy judgments”).   

48 Whitman v. Am. Trucking Ass’ns, Inc., 531 U.S. 457, 476 (2001). 

49 Am. Lung Ass’n v. EPA, 134 F.3d 388, 389 (D.C. Cir. 1998); Lead Indus., 647 F.2d at 1152 (citing S. 
Rpt. No. 91-1196, at 10 (1970)), reprinted in 1 S. Comm. on Pub. Works, 93d Cong., A Legislative History of the 
Clean Air Amendments of 1970, at 410 (1974).  

50 Murray Energy Corp. v. EPA, 936 F.3d 597, 610 (D.C. Cir. 2019) (per curiam) (addressing ozone 
NAAQS, the court explained, “[T]he primary standard for a non-threshold pollutant . . . is not required to produce 
zero risk. . . .”).   

51 CAA § 109(b)(1). 

52 Mississippi, 744 F.3d at 1353 (“Our case law has left EPA with a wide berth when it comes to deciding 
how best to account for an adequate margin of safety.”); Am. Trucking Ass’ns, Inc. v. EPA, 283 F.3d 355, 368 (D.C. 
Cir. 2002) (accepting EPA’s assertion that it “‘may take into account margin of safety considerations throughout the 
process as long as such considerations are fully explained and supported by the record.’”); Lead Indus., 647 F.2d at 
1162 (“The choice between these possible approaches [to establishing an adequate margin of safety] is a policy 
choice of the type that Congress specifically left to the Administrator's judgment.”). 

53 Nat’l. Ass’n of Mfrs. v. EPA, 750 F.3d 921, 924 (D.C. Cir. 2014) (declining to hold EPA’s action 
arbitrary and capricious when “Petitioners simply have not identified any way in which EPA jumped the rails of 
reasonableness in examining the science.”); Communities for a Better Env’t v. EPA, 748 F.3d 333, 335 (D.C. Cir. 
2014) (“[W]e grant EPA significant deference in setting the NAAQS.”); Nat’l Envtl. Dev. Ass’n’s Clean Air Project 
v. EPA, 686 F.3d 803, 810 (D.C. Cir. 2012) (court upholds EPA’s NAAQS decisions if they satisfy minimal 
standards of rationality). 
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judgment, in light of the scientific evidence.54  In so doing, the Administrator must identify a 

target level of public welfare requiring protection.55  As with the primary NAAQS, the standard 

must not be higher or lower than necessary to provide that protection.56  If scientific uncertainty 

is “profound,” the Administrator may legitimately conclude, however, that no reasoned judgment 

is possible on the appropriate indicator, form, or level for a revised secondary NAAQS.57  Courts 

again defer to the Administrator’s scientific judgment when it is “reasonably explained.”58 

A. The Proposal to Retain the Current Primary Ozone NAAQS Is Reasonable 
and Adequately Explained. 

EPA last revised the ozone NAAQS in October 2015, which resulted in a significant 

lowering of the level of the primary NAAQS from 75 ppb to 70 ppb, a reduction of nearly seven 

percent.59  Now, based on his review of the most current available scientific evidence and risk 

and exposure information, the Administrator has now proposed to retain the 70 ppb standard.60  

Specifically, the Administrator has concluded that the current NAAQS “is requisite to protect the 

                                                 

54 CAA § 109(b)(2).  Welfare effects are specified in the Act as including, but not being limited to, “effects 
on soils, water, crops, vegetation, manmade materials, animals, wildlife, weather, visibility, and climate, damage to 
and deterioration of property, and hazards to transportation, as well as effects on economic values and on personal 
comfort and well-being, whether caused by transformation, conversion, or combination with other air pollutants.”  
Id. § 302(h).  

55 Am. Farm Bureau Fed’n v. EPA, 559 F.3d 512, 530 (D.C. Cir. 2009) (per curiam). 

56 Ctr. for Biological Diversity v. EPA, 749 F.3d 1079, 1087 (D.C. Cir. 2014). 

57 See id. at 1090-91. 

58 Murray Energy Corp., 936 F.3d at 616. 

59 80 Fed. Reg. 65292 (Oct. 26, 2015).  The standard is attained when the three-year average of the fourth 
highest maximum daily eight-hour ozone level does not exceed 70 ppb at any monitor in an area. 

60 85 Fed. Reg. at 49874.   
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public health with an adequate margin of safety, and that it is appropriate to retain the standard 

without revision.”61   

1. The Administrator Has Appropriately Evaluated and Considered the 
Scientific Evidence Related to Risk of Respiratory Effects in Proposing 
to Retain the Current Primary Ozone NAAQS. 

As was the case in 2015, when the current ozone NAAQS were promulgated, the only 

health effects for which EPA has concluded that a causal relationship exists with ozone exposure 

are respiratory effects due to short-term ozone exposure.62   

a. No Relevant New Controlled Human Exposure Studies Have 
Been Reported Since the Last Review of the Primary Ozone 
NAAQS. 

As explained in the Proposed Rule, “[T]he most commonly observed effects [of ozone 

exposure], and those for which the evidence is strongest, are transient decrements in pulmonary 

function and respiratory symptoms, such as coughing and pain on deep inspiration, as a result of 

short-term exposures.”63  These effects “are well documented in controlled human exposure 

studies, most of which involve[d] healthy adult study subjects,” following 1- to 8-hour ozone 

exposures, “primarily while exercising.”64  Although a few controlled human exposure studies 

have been published since the previous review of the ozone NAAQS,65 they do not provide 

evidence to support a more stringent primary NAAQS.  They do not involve the 6.6-hour 

exposure protocol on which the present NAAQS is based.66  Moreover, the lowest exposure level 

                                                 

61 Id. 

62 Ozone ISA at IS-7, Tbl. IS-1. 

63 85 Fed. Reg. at 49844. 

64 Id. at 49846.   

65 See Ozone ISA at 3-17. 

66 Ozone PA at 3-27.  See 80 Fed. Reg. at 65323-24. 
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at which statistically significant declines in lung function and increases in respiratory symptoms 

have been observed remains “somewhat above 70 ppb,”67 as it was during the previous ozone 

NAAQS review.68  The Administrator apparently considers the responses to ozone at 

concentrations greater than 70 ppb to constitute adverse effects on public health,69 a conclusion 

that he explains is consistent with recommendations of the American Thoracic Society (ATS) 

and the European Respiratory Society (ERS),70 and with EPA’s judgment in the prior ozone 

NAAQS review.71   

The Administrator recognizes that the human exposure studies also provide no new 

evidence concerning responses to 6.6-hour ozone exposures below 70 ppb.  Specifically, the 

studies do not provide new information concerning responses to 6.6-hour 60 ppb ozone exposure.  

Although the Ozone PA indicates that older studies at this level have reported statistically 

significant evidence of declines in lung function after such exposure,72 the evidence for such 

responses is mixed and the decrements are so small that studies reporting them may not be 

meaningful.  Moreover, one of the two older studies that reported a statistically significant lung 

function response at 60 ppb, Brown, et al. (2008), reached that conclusion by “inappropriate[ly]” 

discarding much of the data, “apparently to avoid stringent reductions in the critical p-value for 

                                                 

67 85 Fed. Reg. at 89466. 

68 80 Fed. Reg. at 35363. 

69 See 85 Fed. Reg. at 49871. 

70 See id. at 49848-49, 49866, 49871; see also George D. Thurston, et al., A joint ERS/ATS policy 
statement:  what constitutes an adverse health effect of air pollution?  An analytical framework, EUROPEAN 
RESPIRATORY J. 49: 1600419 (2017) (acknowledging that an earlier statement by the ATS “concluded that small 
transient changes in forced expiratory volume in 1 s (FEV1) . . . should be considered adverse when accompanied by 
symptoms.”) (ERS/ATS Statement). 

71 80 Fed. Reg. at 65309-10. 

72 Ozone PA at 3-41. 
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statistical significance due to multiple comparisons procedures.”73  In fact, another reanalysis, 

using the full data set “confirm[ed] that there was no statistically significant decrement in group 

mean FEV1 measurements following 60 ppb ozone exposure.74  As to decrement size, the mean 

ozone-induced FEV1 decrement following 6.6-hour exposure to 70 ppb ozone during intermittent 

exercise is 6.1 percent.75  Mean ozone-induced decrements associated with exposure to lower 

ozone levels are even smaller.76  Analysis suggests that, due to measurement error, FEV1 

decrements smaller than 16 percent cannot be reliably determined.77  Finally, statistically 

significant increases in respiratory symptoms have not been reported following 60 ppb ozone 

exposures.78   

Thus, although the Proposed Rule notes that then-Administrator Gina McCarthy 

expressed uncertainty about the adversity of effects at the 60 ppb level,79 the responses that have 

been reported in healthy adults exposed to 60 ppb of ozone during exercise reflect short-term 

reversible responses that do not meet the ERS/ATS criteria for adverse public health effects.80  

Furthermore, the ERS/ATS statement issued following completion of the prior review is 

                                                 

73 See Gradient, Comments on US EPA’s “Review of the National Ambient Air Quality Standards for 
Ozone (Proposed Action)” and Its Proposal to Retain the Current Primary Ozone NAAQS at 5 (Sept. 29, 2020) 
(Gradient), Attachment 1 to these comments.  

74 Id. 

75 85 Fed. at 49852, Tbl. 1. 

76 See Ozone PA at 3-39, Fig. 3-2. 

77 See Richard V. Belzer & R. Jeffrey Lewis, The Practical Significance of Measurement Error in 
Pulmonary Function Testing Conducted in Research Settings, 39 RISK ANALYSIS 2316-28 (2019). 

78 See Ozone PA at 3-41 (noting that the lowest ozone exposure at which statistically significant respiratory 
symptoms have been reported is “somewhat above 70 ppb”). 

79 85 Fed. Reg. at 49871 n.104. 

80 Gradient at 5.   
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consistent with the advice available to the Administrator during that previous review.81  Thus, 

there is no reason to question the adequacy of the current primary ozone NAAQS based either on 

the human exposure studies themselves or recent statements characterizing the adversity of 

respiratory effects like those reported in those studies.82 

b. Epidemiological Evidence Examining Respiratory Effects and 
Ozone Does Not Support Revision of the Primary Ozone NAAQS. 

With regard to the epidemiological studies, the Proposed Rule explains: 

[E]pidemiological studies . . . are generally focused on 
investigating the existence of a relationship between [ozone (O3)] 
occurring in ambient air and specific health outcomes.  
Accordingly, . . . these studies provide less information on details 
of the specific O3 exposure circumstances that may be eliciting 
health effects associated with such outcomes, and whether these 
occur under conditions that meet the current standard.83 

CASAC commended this caveat on the usefulness of epidemiological evidence.84  In 

addition, in considering the epidemiology data and models, CASAC’s consensus 

recommendations called on EPA to distinguish between causal and regression concentration-

response (C-R) functions and to caveat the latter appropriately.85   

                                                 

81 85 Fed. Reg. at 49871. 

82 CASAC was aware of the ERS/ATS Statement – see CASAC ISA Letter at A-16 (individual comments 
of Mark Frampton); CASAC PA Letter at 24 – but did not suggest that it required reconsideration of the adversity of 
effects following exposure to 60 ppb of ozone.   

83 Id. at 49852 (emphasis added). 

84 CASAC PA Letter, Consensus Responses at 6.  CASAC also recommended that EPA, “Accurately 
summarize final results from a systematic review and critical evaluation and synthesis of relevant studies relied on 
to reach conclusions, including negative studies and studies of non-linear [concentration-response] C-R functions 
for ozone.” Id., Consensus Responses at 2 (emphasis in original). 

85 Id., Consensus Responses at 2. 
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Others have questioned whether EPA’s approach to evaluating epidemiological evidence 

may have biased the Agency towards finding causality or likely causality of effects by ozone.86  

They point to issues of exposure measurement error and inadequate co-pollutant adjustment.87  

They also express concern that EPA downplays or overlooks studies with null or negative 

results.88  Moreover, in addition to these concerns, the fact that no epidemiological study in the 

United States has been conducted in locations meeting the 70 ppb NAAQS for the entire study 

period,89 further calls into question the relevance of the epidemiologic evidence for evaluating 

the adequacy of the protection the 70 ppb standard provides. 

For all these reasons, the Administrator is correct in characterizing the epidemiological 

studies of respiratory effects as failing “to provide insights regarding exposure concentrations 

associated with health outcomes that might be expected under air quality conditions that meet the 

current standard.”90  As a result, these studies do not call into question the adequacy of the 

current NAAQS. 

c. Toxicological Evidence Does Not Support Revision of the 
Primary Ozone NAAQS. 

The Proposed Rule indicates that toxicological studies of animals also provide support for 

causation of respiratory effects by ozone.91  The animal studies, however, involve exposure to far 

                                                 

86 Gradient at 2-3, 5, 7. 

87 Id. at 5. 

88 Id. at 6; see also CASAC ISA Letter at 3 & Consensus Responses at 8; CASAC PA Letter, Consensus 
Responses at 6, A-29 (individual comments of CASAC member Sabine Lange). 

89 Ozone PA at 3-93. 

90 85 Fed. Reg. at 49870. 

91 Id. at 49844. 
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higher concentrations (e.g., 1000 to 2000 ppb)92 than those used in the human exposure studies 

that form the primary basis for the current NAAQS or that occur in ambient air, particularly 

when the current NAAQS is met.93  Given the exposure levels used in these studies, even those 

involving primates cannot establish that respiratory effects will occur in humans at 

concentrations permitted by the current standard.94  Altogether, the toxicological studies do not 

provide any basis for questioning the ability of the current NAAQS to provide the requisite 

public health protection. 

d. New Exposure and Risk Assessments Support Retaining the 
Current Primary Ozone NAAQS. 

In preparing the Ozone PA, EPA staff undertook and reported on assessments of 

exposure to ozone in the ambient air and the risks associated with such exposures.  To be 

consistent with the health effects evidence, these assessments focused on “short-term exposures 

of individuals in the population during times when they are breathing at an elevated rate.”95  

Because children and asthmatics are considered particularly at risk from ozone exposure,96 

children, children with asthma, and adults with asthma were the focus of these assessments, 

together with consideration of all adults.  Using a “general approach and methodology for the 

exposure-based assessment . . . similar to that used in the last review,” but with several updates 

to the models used and the data input to them,97 the assessments considered exposures to eight-

                                                 

92 Gradient at 6. 

93 85 Fed. Reg. at 49853; Gradient at 6. 

94 The primate studies involved exposure to an ozone concentration of 500 ppb, Gradient at 6, still far 
above ozone levels permitted by the NAAQS.  See id.   

95 Ozone PA at 3-53. 

96 Id. at 3-32 to 3-33. 

97 Id. at 3-57. 
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hour “benchmark” ozone concentrations of 60, 70, and 80 ppb in eight urban areas,98 modeled as 

if they were to “just meet” the current NAAQS,99 and as if they “just equal[ed]” alternative 

ozone NAAQS of 75 ppb and 65 ppb.100   

EPA used two approaches to assess risks associated with these exposures, an exposure-

response (E-R) function and the MSS model.101  In considering the implications of these 

assessments, EPA staff focused primarily on the benchmark exposure analysis, which they 

consider less uncertain, and noted that the risk estimates using the MSS model were the most 

uncertain.102  EPA staff explained, for example, that, due to differences in how the E-R function 

and the MSS model extrapolate beyond observed data, less of the risk predicted by the E-R 

function relied on such extrapolation. 103  Drs. Anne Smith and Garrett Glasgow of NERA 

Economic Consulting previously pointed out that between 57% and 67% of the risk estimated 

using the MSS model is associated with exposure to  ozone levels below 40 ppb,104 a level that is 

                                                 

98 Id. at 3-52, 3-58. 

99 Id. at 3-54.  All but one of the urban areas evaluated – Boston – are designated “nonattainment” for the 
70 ppb primary ozone standard.  See EPA, 8-Hour Ozone (2015) Nonattainment Area Area/State/County Report, 
https://www3.epa.gov/airquality/greenbook/jnca.html (last visited Sept. 22, 2020). Most of the country meets that 
standard.  Of the 3,141 county or county equivalents in the United States, https://www.usgs.gov/faqs/how-many-
coun justify missing that deadline ties-are-united-states?qt-news_science_products=0#qt-news_science_products 
(last visited Sept. 22, 2020), only 196 are designated nonattainment for this NAAQS.  See EPA, 8-Hour Ozone 
(2015) Nonattainment Area Summary, https://www3.epa.gov/airquality/greenbook/jnsum.html (last visited Sept. 22, 
2020).  Both exposures and risks would be lower in areas with air quality better than required to “just meet” the 
standard. 

100 Ozone PA at 3-67. 

101 Id. at 3-59 to 3-60. 

102 Id. at 3-96.   

103 Id. at 3-73. 

104 Anne E. Smith & Garrett Glasgow, Technical Comments to CASAC on the Policy Assessment for the 
Review of the Ozone National Ambient Air Quality Standards, External Review Draft at 8 (Nov. 26, 2019), Doc. ID 
EPA-HQ-OAR-2018-0279-0024 (Smith & Glasgow). 

https://www3.epa.gov/airquality/greenbook/jnca.html
https://www.usgs.gov/faqs/how-many-counties-are-united-states?qt-news_science_products=0#qt-news_science_products
https://www.usgs.gov/faqs/how-many-counties-are-united-states?qt-news_science_products=0#qt-news_science_products
https://www3.epa.gov/airquality/greenbook/jnsum.html
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well below the levels at which effects have been demonstrated.  By comparison, only 11% to 

16% of estimated risk is associated with exposure to such ozone levels.105  Furthermore, EPA 

staff conclude that the ventilation rates used in the E-R function were a better match for the 

underlying human exposure studies than were the ventilation rates used in the MSS model.106  In 

addition, analyses by Drs. Smith and Glasgow find the results of the MSS model are particularly 

influenced by that model’s ad hoc assumptions in addressing intra-subject variability in lung 

function.107 

Concerning the question of whether the current NAAQS adequately protects public 

health, the Ozone PA concludes: 

[F]or the air quality scenario for the current standard, we note that 
across all eight study areas, which provide an array of exposure 
situations, less than 1% of children with asthma are estimated to 
experience, while breathing at an elevated rate, a daily maximum 
7-hour exposure per year at or above 70 ppb, on average across the 
3-year period, with a maximum of 1% for the study area with the 
highest estimates in the highest single year . . . .  Further, the 
percentage for at least one day with such an exposure above 80 ppb 
is less than 0.1%, as an average across the 3-year period (and 0.1% 
or less in each of the three years simulated across the eight study 
areas).  No simulated individuals were estimated to experience 
more than a single such day with an exposure at or above the 80 
ppb benchmark. . . . Thus, we conclude the current estimates of 
children and children with asthma that might be expected to 
experience a day with an exposure while exercising at or above the 
three benchmark concentrations to be generally similar to those 
that were a primary focus of the decision in establishing the current 
standard in 2015.108 

                                                 

105 Id. at 7. 

106 Ozone PA at 3-73 to 3-74. 

107 Smith & Glasgow at 10 (“[A]d hoc assumptions about the proper way to simulate the effects of the daily 
intra-individual variation in dFEV are a large source of model uncertainty in the MSS lung function risk 
calculations.”). 

108 Ozone PA at 3-96. 



 

21 

Drs. Smith and Glasgow concur.  They explain, “[T]he exposure and associated health 

risk estimates under the current standard of 70 ppb are similar to those estimated when that 

standard was set in 2015.”109  For example, as illustrated by their Table 2, which is reproduced 

below,110 Smith and Glasgow find that “[a]cross the board” the estimated risk of exposure in the 

draft Ozone PA are “equivalent or smaller risk estimates” than those when the current NAAQS 

was promulgated.111 

 

In short, these assessments demonstrate that the current 70 ppb NAAQS is more 

protective than was recognized when then-Administrator Gina McCarthy determined in 2015 

that it would protect public health with an adequate margin of safety.  These assessments fully 

                                                 

109 Smith & Glasgow at 1. 

110 Id. at 4, Table 2.  

111 Id. at 4. 
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support the current Administrator’s proposed conclusion “that the current standard is requisite to 

protect the public health with an adequate margin of safety, and that it is appropriate to retain the 

standard without revision.”112 

2. The Administrator Has Appropriately Evaluated and Considered the 
Scientific Evidence Related to Risk of Metabolic Effects in Proposing to 
Retain the Current Primary Ozone NAAQS. 

In this review, EPA for the first time finds that there is likely to be a causal relationship 

between short-term exposure to ozone and metabolic effects.113  CASAC disagreed with this 

causal classification, stating: 

For the short-term ozone effects on metabolic endpoints, the data 
do not justify the “likely” causal determination.  “Suggestive” 
appears to be a more appropriate designation.  For the causality 
designation for long-term ozone effects on metabolic endpoints, 
the evidence does not justify the “likely” determination.114 

With regard to short-term ozone exposure, CASAC explained: 

The studies often do not find consistent direction of effects on the 
measured endpoints – if biomarkers change in different directions 
in different experiments, does that matter for the EPA’s causality 
determination? In general, this causality determination is driven by 
the animal toxicology, which is largely limited to rodents. The 
animal data on glucose and insulin effects seem to be fairly robust, 
but the extrapolation of the findings to humans is in question. The 
epidemiological evidence is sparse and inconsistent, without any 
evidence of adverse clinical outcomes related to metabolic effects. 
The only human clinical study (Miller et al., 2016a) showed no 
effects on insulin levels or homeostatic model assessment for 
insulin resistance (HOMA-IR), but did find acute increases in 
stress hormones in response to ozone exposure. It is as yet 
unconfirmed.115 

                                                 

112 85 Fed. Reg. at 49874. 

113 Ozone ISA at ES-6, Tbl. ES-1. 

114 CASAC ISA Letter at 3. 

115 CASAC ISA Letter, Consensus Responses at 15. 
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In addition, concerning long-term ozone exposure, CASAC stated, 

Overall for the causality designation for long-term ozone effects on 
metabolic endpoints, there is limited epidemiology evidence, and 
those data are not clear-cut. For example, some associations are 
lost with copollutants added to the models, or copollutants are not 
assessed . . . .  The animal evidence is not always summarized 
correctly and shows somewhat inconsistent results. It does 
consistently show no effects at lower ozone concentrations (0.25 
ppm), and all 3 of the cited animal studies were conducted in 
whole or in part by the same group of authors. As with the short-
term designation, the evidence does not justify the “likely” 
determination.116 

Others agree.  Gradient notes, 

The draft ISA itself acknowledged that there is limited evidence 
from epidemiology and controlled human exposure studies . . . . 
While key animal toxicity studies may support the effects of short-
term ozone exposure on glucose impairment at 500-1,000 ppb, the 
evidence for other metabolic endpoints is not consistent, and most 
studies only evaluated ozone exposure concentrations that are far 
higher than the current standard. Also, animal toxicity and human 
epidemiology studies are limited regarding the effects of long-term 
ozone exposure on metabolic endpoints. Finally, the metabolic 
effects category is broad; hence, assessing consistency and 
coherence is inherently more complex because it involves 
comparing studies that investigated diverse endpoints such as 
glucose and insulin homeostasis, lipids, and obesity. Overall, the 
evidence presented is inadequate to determine causation for ozone 
exposure and metabolic effects in humans at ambient 
concentrations.117   

Given these limited and inconsistent study results, the evidence concerning metabolic 

effects does not warrant a different or more stringent primary ozone NAAQS.  The Proposed 

Rule acknowledges that the animal studies reporting metabolic effects are at ozone 

concentrations far higher than would be permitted by the current standard.118  Further, it points 

                                                 

116 Id. at 15-16. 

117 Gradient at 8. 

118 85 Fed. Reg. at 49847. 
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out that the single available controlled human exposure study reporting an effect on two 

biochemical endpoints associated with metabolic effects – but not on other biochemical 

indicators – also involved exposure to an ozone concentration much higher than permitted by the 

current NAAQS.119   

The Proposed Rule also recognizes that the only two epidemiological studies reporting 

statistically significant associations between ozone and metabolic indicators were conducted in 

Asian cities, where air quality and activity patterns differ so greatly from those in the United 

States that the studies’ relevance for this review is unclear.120  Epidemiological studies here have 

not reported statistically significant associations of ozone with metabolic endpoints.121  Because 

of the uncertainties in the database about whether metabolic effects occur and the lack of 

evidence that they would occur when the current NAAQS is attained, the available evidence 

concerning metabolic effects does not indicate any inadequacy in the health protection provided 

by the current primary NAAQS. 

3. The Administrator Has Appropriately Found that the Current Primary 
NAAQS Protects Even Sensitive Populations, Allowing an Adequate 
Margin of Safety. 

The Administrator recognizes that a primary NAAQS must protect sensitive populations 

and allow an adequate margin of safety when doing so.122  As reflected in the Ozone PA, 

populations particularly sensitive to ozone include children, asthmatics, older people, and 

                                                 

119 Id. 

120 Id. at 49853. 

121 Id. at 49864. 

122 Id. at 49833. 
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outdoor workers.123  All of these groups were considered sensitive populations at the time of the 

last review.124  Consequently, their protection was necessarily taken into account when a 

NAAQS of 70 ppb was determined to protect the public health with an adequate margin of 

safety.  That, by itself, indicates that they are protected by the current standard. 

Protection of these groups has been evaluated again in the current review, however.  A 

new human exposure study, Arjomandi, et al. (2018), is informative on the question of the 

sensitivity of older adults to ozone.  These investigators exposed healthy older adults to ozone 

concentrations of 0, 70, and 120 ppb for three hours with intermittent exercise.  They found lung 

function changes after the 120 ppb exposures, but not after the 70 ppb exposures, “suggest[ing] 

that older adults are not more susceptible to ozone at concentrations at or near the current ozone 

standard.”125  Furthermore, concern about mortality was the primary reason for identifying older 

adults as a population at greater risk from ozone exposure.  Given the results of this new study 

and EPA’s decision based on other new studies to downgrade the causal determinations for 

mortality from “likely to be causal” to “suggestive of . . . a causal relationship,”126 re-evaluation 

of the sensitivity of the older population to ozone may be appropriate.127  Indeed, the new 

evidence warrants a conclusion that the current primary NAAQS is more protective of older 

adults than was previously recognized. 

                                                 

123 Ozone PA at 3-33 to 3-34. 

124 See id. at 3-32. 

125 Gradient at 10. 

126 See Ozone ISA at ES-6, Tbl. ES-1. 

127 85 Fed. Reg. at 49862. 
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More fundamentally, however, a major focus of this review has been assessment of the 

exposure of and risks to “children, and specifically children with asthma.”128  A standard 

determined to protect children with asthma can be expected also to protect other sensitive 

groups.129  In fact, as discussed above, the assessments of exposure and risk performed during 

this review show even greater protection of this population than was predicted at the time the 

current standard was promulgated.  Based on these assessments, the Administrator has proposed 

to find that the current primary ozone NAAQS provides “appropriately strong protection of at-

risk populations from O3-related health effects” and “that the current standard provides the 

requisite protection, including an adequate margin of safety.”130  These conclusions are 

appropriate, based on the scientific evidence.   

4. The Administrator’s Proposed Decision Not to Adopt a More Stringent 
Primary NAAQS Is Rational and Well-reasoned Based on the Scientific 
Evidence.  

Some have suggested that the Administrator should reduce the level of the primary ozone 

NAAQS.  For example, the American Lung Association (ALA) has recommended a standard “no 

greater than 55 ppb to 60 ppb.”131  In support of this recommendation, ALA cites CASAC’s 

2014 advice that a standard of 70 ppb would provide little margin of safety from respiratory 

effects.132  The single member of the current CASAC to question the adequacy of the current 

                                                 

128 Ozone PA at 3-77. 

129 See id. at 3-21 n.27 (explaining that a NAAQS that protects identified sensitive or at-risk population 
groups would be expected to protect other such groups that had not been identified). 

130 85 Fed. Reg. at 49873. 

131 Letter from Deborah Brown, Chief Mission Officer, & Albert Rizzo, MD, FACS, Chief Medical 
Officer, American Lung Association, to the Hon. Andrew Wheeler, Administrator, EPA, at 5 (Dec. 16, 2019), Doc. 
ID EPA-HQ-OAR-2018-0279-0028 (ALA Comments). 

132 ALA Comments at 3-4, citing Letter from Dr. H. Christopher Frey, Chair, CASAC, to the Hon. Gina 
McCarthy, Administrator, EPA, EPA-CASAC-14-004 (June 26, 2014) 
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primary NAAQS similarly cites this advice from six years ago.133  Reliance by these parties on 

CASAC’s six-year-old advice from the previous ozone NAAQS review confirms that newly 

available evidence has not changed our understanding of the relationship between ozone 

exposure and respiratory effects or, indeed, other health effects.134  At the completion of the prior 

review – and after considering the CASAC advice still being cited by advocates for a more 

stringent NAAQS – then-Administrator Gina McCarthy concluded that a standard level below 70 

ppb “would not be appropriate.”135   

Environmental groups sought judicial review of this 2015 decision.  They cited the 

evidence from controlled human exposure studies and CASAC’s advice concerning the margin 

of safety in a 70 ppb NAAQS to support their contention that the standard should have been 

lower. 136  The D.C. Circuit rejected these claims, saying that EPA’s action in setting the 

standard at 70 ppb “was rational, and Environmental Petitioners cannot show that the evidence 

required EPA to decide differently.”137   

Because “the newly available health effects evidence . . . reaffirm[s] conclusions on the 

respiratory effects recognized for O3 in the last review,”138 and because lower health risk is 

predicted now upon attainment of the NAAQS than it was believed to be when the current 

                                                 
https://yosemite.epa.gov/sab/sabproduct.nsf/5EFA320CCAD326E885257D030071531C/%24File/EPA-CASAC-14-
004+unsigned.pdf, (2014 CASAC Letter). 

133 CASAC PA Letter at A-16 (comments of Dr. Mark Frampton). 

134 See 85 Fed. Reg. at 49846; Ozone PA at 3-26, 3-40, 3-81, 3-91. 

135 80 Fed. Reg. at 65365. 

136 Murray Energy, 936 F.3d at 611-12. 

137 Id. at 612. 

138 85 Fed. Reg. at 49874. 

https://yosemite.epa.gov/sab/sabproduct.nsf/5EFA320CCAD326E885257D030071531C/%24File/EPA-CASAC-14-004+unsigned.pdf
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primary NAAQS was promulgated,139 the Administrator’s proposal to retain the current 

standard, which was appropriately set to protect against such effects, is certainly reasonable.  

Moreover, because the other new evidence “does not include information indicating a basis for 

concern for exposure conditions associated with air quality conditions meeting the current 

standard,”140 the Administrator’s proposal “to conclude that the current standard is requisite to 

protect the public health with an adequate margin of safety, and that it is appropriate to retain the 

standard without revision” is also reasonable and appropriate.141   

B. The Proposal to Retain the Secondary Ozone NAAQS Is Reasonable and 
Adequately Explained.   

The Act directs that secondary NAAQS specify a level of air quality that, “in the 

judgment of the Administrator,” is requisite to protect the public welfare from “known or 

anticipated” risks of “adverse effects.”142  Like the primary NAAQS, the Act does not require the 

Administrator to set the secondary NAAQS at a zero-risk level.143  Indeed, the D.C. Circuit has 

acknowledged that doing so for “non-threshold” pollutants is not possible.144  Rather, secondary 

NAAQS are to be set at a level that limits risk sufficiently to protect the public welfare, but not at 

a level more stringent than necessary to provide this protection.145  The Administrator has 

reasonably proposed to retain the current secondary NAAQS for ozone after considering the 

                                                 

139 See pp. 20-21, supra. 

140 85 Fed. Reg. at 49874. 

141 Id. 

142 CAA § 109(b)(2); Am. Farm Bureau Fed’n, 559 F.3d at 516.  

143 Mississippi, 744 F.3d at 1351.  

144 Am. Trucking Ass’ns, 283 F.3d at 359-60.   

145 Whitman, 531 U.S. at 475-76.  
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D.C. Circuit’s remand in Murray Energy, as well as judgments on public welfare, science, policy 

judgments, and the level of public welfare protection that is requisite under the Act.146  

The current secondary ozone NAAQS mirrors the primary standard, which is set at 70 

ppb, in terms of the three-year average of the annual fourth-highest daily maximum 8-hour 

average ozone concentrations.147  The standard is based on vegetation-related effects, including 

reduced plant growth, with a particular focus on Class I areas and other federally protected 

areas.148  

The current review, like the previous one, has focused on reduced plant growth as the 

metric to be used in specifying the secondary NAAQS.149  Specifically, EPA staff concluded that 

the currently available evidence continues to support the use of Relative Biomass Loss (RBL), 

based on studies of tree seedlings, as a surrogate to protect public welfare from a broad array of 

vegetation-related effects.150  Although the staff acknowledged that the available evidence has 

somewhat expanded since the last review, they explained that the new evidence does not support 

an alternative metric to determine welfare effects.151  CASAC concurred with EPA staff, finding 

that “biomass loss, as reported in RBL, is a scientifically-sound surrogate of a variety of adverse 

effects that could be exerted to public welfare.”152  Further, CASAC agreed, “[T]he available 

                                                 

146 85 Fed. Reg. at 49831.  

147 80 Fed. Reg. 65292, 65369 (Oct. 26, 2015).  

148 85 Fed. Reg. at 49912.  Class I areas are international parks, national wilderness areas larger than 5000 
acres, national memorial parks larger than 5000 acres, and national parks larger than 6000 acres.  CAA § 162(a). 

149 85 Fed. Reg. at 49897. 

150 Ozone PA 4-101.  
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evidence does not reasonably call into question the adequacy of the current secondary ozone 

standard and concurs that it should be retained.”153  

Taking into account this advice from EPA staff and from CASAC, the Administrator has 

proposed a number of public welfare policy judgments that, he asserts, are crucial to his review 

of the current secondary NAAQS.  Among these policy judgments is his proposed conclusion 

that the current evidence base and available information continues to support consideration of the 

potential of ozone-related vegetation impacts in terms of RBL estimates from established E-R 

functions.154  The Administrator’s proposed conclusion, consistent with that reached in the prior 

review, is that limiting ozone concentrations in ambient air in a manner that keeps RBL at or 

below 6 percent will protect public welfare.  This conclusion, which is another such policy 

judgment, is one that the D.C. Circuit previously found EPA had adequately explained.155  When 

the Administrator reasonably explains his judgments, those judgments are entitled to 

deference.156  Thus, given the lack of new evidence to alter the Administrator’s findings,157 no 

reason exists to question his proposed decision to limit tree growth loss to 6 percent or, indeed, 

as explained in detail below, his proposed decision to retain the current secondary NAAQS.  

                                                 

153 CASAC PA Letter at 1. 

154 85 Fed. Reg. at 49911. 

155 Murray Energy, 936 F.3d at 615. 

156 Mississippi, 744 F.3d at 1343 (citing Am. Farm Bureau Fed’n, 559 F.3d at 521). 
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1. The Administrator Has Appropriately Addressed Issues Raised by the 
D.C. Circuit in Its Murray Energy Decision. 

In Murray Energy, the D.C. Circuit remanded the 2015 secondary ozone NAAQS after 

concluding that EPA had not provided a sufficient rationale for certain aspects of the standard.158  

In particular, the court held that EPA:  (1) had not adequately explained its decision to use an 

unadjusted three-year average of the W126 index as the benchmark for the secondary 

NAAQS;159 and (2) had failed to identify a level of air quality requisite to protect against adverse 

effects from visible leaf injury.160  The D.C. Circuit declined to rule on whether EPA’s decision 

to retain the existing form and averaging time of the secondary standard was properly 

justified.161    

In the Proposed Rule, the Administrator addresses these points appropriately.  He 

explains that, in response to the court’s ruling, EPA “expanded certain analyses in this review 

compared with those conducted in the last review, included discussion on issues raised in the 

remand, and provided additional explanation of rationales for proposed conclusions on these 

points in this review.”162  Moreover, both the Ozone PA and the Proposed Rule respond to the 

concern raised in CASAC’s letter regarding the draft Ozone PA that that draft may not have 

“fully addressed” the need for “further justification or reconsideration” in response to the D.C. 

Circuit’s remand, “particularly in relation to its decision to focus on a 3-year average for 

                                                 

158 See Murray Energy, 936 F.3d at 628. 

159 Id. at 617-19.  The W126 index is a cumulative seasonal metric described as the sigmoidally weighted 
sum of all hourly ozone concentrations observed during a specific daily and seasonal period, where each hourly 
ozone concentration is given a weight that increases from zero to one with increasing concentration.  W126 index 
values are expressed in parts per million-hours (ppm-hrs). See 80 Fed. Reg. at 65373-74.  

160 Murray Energy, 936 F.3d at 619-20. 
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consideration of the cumulative exposure . . . and its decision to not identify a specific level of 

air quality related to visible foliar injury.”163 

a. The Administrator Has Thoroughly Explained and Justified the 
Use of a Three-Year Benchmark W126 Index as the Basis for the 
Secondary NAAQS. 

In Murray Energy, the D.C. Circuit held that EPA had failed to explain adequately its use 

of a three-year average of the W126 index at an exposure level of 17 ppm-hrs in evaluating the 

public welfare protection provided by the 2015 secondary NAAQS.164  As explained in the 

Proposed Rule,165 the previous Administrator focused on setting a standard that would limit 

cumulative exposures associated with a median RBL estimate somewhat below 6 percent – a 

metric that CASAC had deemed “unacceptably high.”166  Although the Act does not require that 

secondary NAAQS allow for an adequate margin of safety to protect the public welfare, the 

previous Administrator nonetheless identified a standard that would generally restrict cumulative 

seasonal exposures to 17 ppm-hrs and limit median species RBL to 5.3 percent – well below the 

6 percent RBL identified by CASAC.167  While the D.C. Circuit approved of setting the W126 

benchmark at 17 ppm-hrs, the court explained that a three-year average could result in areas 

having single-year W126 values at or above 19 ppm-hrs, which would lead to annual biomass 

loss of 6 percent or greater.  Therefore, the court remanded the benchmark to EPA “to either 

                                                 

163 CASAC PA Letter, Consensus Responses at 21.   

164 Murray Energy, 936 F.3d at 617. 

165 85 Fed. Reg. at 49878.  

166 2014 CASAC Letter, Consensus Response at 14. 

167 The previous Administrator noted that the median RBL estimate is 6 percent for a cumulative seasonal 
W126 exposure index of 19 ppm-hrs; 5.7 percent for 18 ppm-hrs; and 5.3 percent for 17 ppm-hrs.  Based on these 
estimates, the Administrator found it appropriate to identify a standard that would restrict cumulative seasonal 
exposures to 17 ppm-hrs, in terms of a three-year W126 index in nearly all instances.  80 Fed. Reg. at 65407.  
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lower the standard to protect against unusually damaging cumulative seasonal exposures that will 

be obscured in its three-year average, or explain its conclusion that the unadjusted average is an 

appropriate benchmark.”168  

The Ozone PA for the current secondary NAAQS review responded to the remand of 

EPA’s earlier decision to use a three-year average for the benchmark W126 level to protect 

against 6 percent biomass loss.  As a preliminary matter, EPA staff recognized that its analysis of 

W126 values at U.S. monitoring sites suffered from key limitations.  Specifically, staff noted that 

only 65 of the current 164 Class I areas had monitoring stations within 15 kilometers of their 

borders to collect data.169  The vast majority of sites with monitoring stations are located in 

urban areas where ozone concentrations are higher, while many other rural areas were excluded 

from the analysis because they lack nearby monitoring stations.170  As a result, EPA recognized 

that the dataset “may be a greater representation of relatively higher concentration sites.”171  

Despite these limitations, EPA staff found that only one Class I area meeting the current standard 

had a metric value above 17 ppm-hrs, with the majority of sites having W126 values under 13 

ppm-hrs.172  If more complete geographical data were available, it would likely further show that 

the current secondary NAAQS are protective of Class I areas.  Given these limitations, it is likely 

that the current standard is quite conservative, i.e., more protective than the analysis indicates if 

it were more geographically representative.    

                                                 

168 Murray Energy, 936 F.3d at 618.  
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In the Ozone PA, EPA staff also elaborated on its conclusion that year-to-year variability 

in ozone concentrations and environmental factors (including rainfall and other meteorological 

factors that independently affect plant growth and reproduction) contributes uncertainty to 

estimates of the occurrence and magnitude of ozone-related effects on plant growth and 

reproduction in any given year.173  In addition, Staff recognized that limitations in the ability to 

estimate growth effects over tree lifetimes based on year-to-year variation in ozone 

concentrations contribute uncertainty to estimates of cumulative biomass effects over multi-year 

periods for trees, populations, communities and ecosystems.174  Thus, EPA staff found that 

variability in plant response under different experimental conditions indicated that using a 

seasonal mean W126 value averaged across multiple years to account for year-to-year variability 

in conditions and responses is more appropriate than focusing on a single year.175  In support of 

this observation, EPA staff referenced experiment-specific E-R functions for both aspen and 

ponderosa pine that revealed appreciable variability in response across experiments, which may 

contribute to year-to-year variability in RBL.176  

EPA staff acknowledged that tree seedling RBL estimates remain unchanged from the 

last review and are based on established E-R functions for growth reductions in seedlings of 11 

tree species.177  However, the Ozone PA outlined several limitations of the underlying studies 

from which the E-R functions were derived that support “a less precise interpretation, such as an 
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average across multiple seasons.”178  Staff noted that while E-R functions have been expressed in 

terms of a seasonal W126 index, the experiments from which they were derived vary in duration 

from periods of 82 to 140 days over a single year to periods of 180 to 555 days across two 

years.179  EPA staff noted that the number of experiments available for each tree species also 

varied.  While as many as 14 experimental studies for aspen were conducted, only two or three 

studies were conducted for species that are more sensitive.180  Additionally, for those species that 

had been the subject of numerous experiments, EPA noticed that there was appreciable 

variability in response to ozone across experiments.181  With regard to the strength of the 

database underlying the E-R functions for cumulative exposure levels, EPA staff noted that data 

appeared to be more extensive for relatively higher ozone exposures and lacking for W126 index 

values at or below 20 ppm-hrs.182  As the staff discussed, this variable evidence provides no 

apparent justification for characterizing the E-R function – or W126 values – as applicable to a 

single year. 

EPA staff also recognized that there is limited evidence comparing the evaluation of 

predictability of growth impacts from single-year versus multiple-year average exposure 

estimates.183  One study that tracked this information revealed that a multi-year average index 
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closely aligned with annually observed aboveground biomass and RBL.184  Thus, staff 

determined that the  

current evidence does not support concluding there to be an 
appreciable difference in the effect of three years of exposure held 
at 17 ppm-hrs compared to a 3-year exposure that averaged 17 
ppm-hrs yet varies by 5 to 10 ppm (e.g., 7 ppm-hrs) from that in 
any of the three years.185   

 
EPA staff concluded that these factors provided “support for use of an average seasonal W126 

index derived from multiple years . . ., such as for a 3-year period, for estimating median RBL 

using the established E-R functions.”186 

CASAC agreed that the decision to rely on a three-year average “appears of reasonable 

thought and scientifically sound,” given the recognized uncertainties.187  CASAC also concurred 

with EPA staff that the secondary standard established in 2015 with its W126 index target of 17 

ppm-hrs (in terms of a three-year average) is “still effective in particularly protecting the public 

welfare in light of vegetation impacts from ozone.”188   

Based on this advice and drawing upon scientific and technical information concerning 

the benefits of a multi-year average benchmark, the Administrator has proposed to retain the 

current framework, which features a W126 index target of 17 ppm-hrs averaged over a three-

year period.189  The Administrator “agrees with the PA finding that . . . currently available 
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evidence and its recognized limitations, variability and uncertainties, contribute uncertainty and 

resulting imprecision or inexactitude to RBL estimates of single-year seasonal W126 index 

values, thus supporting a conclusion that it is reasonable to use a seasonal RBL averaged over 

multiple years.”190  According to the Administrator, reliance on single-year W126 estimates 

“would ascribe a greater specificity and certainty to such estimates than supported by the current 

evidence.”191 

Although the D.C. Circuit in Murray Energy emphasized that the three-year average 

could result in individual years at 19 ppm-hrs,192 the Administrator points out that examination 

of historical air quality data dating back to 2000 shows that the three-year average W126 metric 

never exceeded 19 ppm-hrs at locations at which the current secondary standard was met and 

was at or below 17 ppm-hrs for 99.9 percent of all design value periods and locations where the 

current standard was met.193  A review of these data by Robert J. Paine and David W. Heinold 

confirms that the current secondary NAAQS “is highly protective of a 1-year W126 metric of 17 

ppm-hrs” and “is also conservative with respect to [protection of] a 3-year average W126 metric 

threshold as low as 15 ppm-hrs.”194  For the 0.1 percent of cases where the seasonal W126 index 

is at or above 17 ppm-hrs, the proposal reflects the Administrator’s public welfare policy 

judgment that the rarity of such occurrences demonstrates that the current standard provides 
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adequate protection from air quality conditions with potential to be adverse to the public 

welfare.195  

Rather than focusing on individual years, the underlying objective of the current standard 

is to eliminate virtually all instances of a median RBL estimate above 6 percent.  The current 

standard accomplishes this goal.  Given the vast uncertainties and imprecision associated with 

estimating RBL for single-year seasonal W126 index values, the Administrator’s decision 

concerning the appropriate NAAQS level necessarily rests on policy judgments.196  The 

Proposed Rule sufficiently explains the Administrator’s reasoned policy judgments that justify 

maintaining a three-year average of seasonal W126 index as a benchmark for the secondary 

ozone NAAQS. 

b. The Administrator Has Fully Explained and Justified His 
Decision to Retain the Form and Averaging Time for the 
Secondary NAAQS. 

In Murray Energy, the D.C. Circuit declined to rule on whether EPA’s decision to retain 

the form and averaging time of the secondary ozone NAAQS, rather than adopting a single-year 

W126 index as the form and averaging time for the secondary standard, was properly justified.197  

The court held that it could not assess the relevance of EPA’s claim that the levels associated 

with the existing form and averaging time are “‘highly correlated’” to a three-year average of the 

W126 index value.198  
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As an initial matter, the Act does not require that the form or averaging time for a 

NAAQS match an exposure metric used in the NAAQS review.199  While EPA frequently relies 

on exposure metrics for NAAQS, such metrics do not dictate the form of the standard.  For 

example, as discussed above, the primary ozone NAAQS, which limits the three-year average of 

the annual fourth highest maximum daily 8-hour ozone concentration, is based primarily on 6.6-

hour ozone exposures on a single day.  Similarly, when promulgating the current secondary 

NAAQS, the Administrator in 2015 reasonably found that the W126 exposure index was an 

appropriate exposure metric to judge vegetation effects, but concluded that did not require her to 

revise the form and averaging time to be consistent with this metric, and she judged that a 

secondary NAAQS with the same form and averaging time as the primary NAAQS would 

provide the requisite protection of public welfare.200  

In the current review, EPA staff concluded that the available data support retention of the 

form and averaging time for the secondary NAAQS.  Evidence that was already available in the 

last review shows a positive nonlinear relationship between cumulative seasonal exposure and 

design values based on the form and averaging time of the current standard.201  Analyses in the 

current review of expanded air monitoring data further support this finding.202  EPA staff 

recognized that the existing form and averaging time also provides appreciable control of peak 

one-hour concentrations.203  The Ozone PA noted, based on recent ozone monitoring data (2016-
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2018) for sites meeting the current standard, the mean number of observations per site at or 

above 100 ppb was well below one (0.19).204  EPA staff realized that control of peak one-hour 

concentrations might be particularly important to limit foliar injury because studies have shown 

that peak one-hour concentrations of ozone at elevated levels (over 100 ppb) may be more 

pertinent than cumulative exposure in determining the occurrence of foliar injury.205   

Based on these considerations, CASAC unanimously concluded that the current standard 

with its indicator, averaging time, and form “appears to be working in maintaining ambient air 

concentrations of ozone across the United States at levels that are protective for the public 

welfare, particularly as related to vegetation.”206  

Consistent with the advice he received from his staff and from CASAC, the 

Administrator proposes to retain the current form and averaging time of the secondary ozone 

NAAQS.207  The Administrator notes that a NAAQS expressed in terms of the W126 index, 

while giving greater weight to generally higher concentrations, would not explicitly limit the 

occurrence of hourly concentrations at or above specific magnitudes.208  To illustrate this point, 

the Administrator explains that two records of air quality may have the same overall W126 index 

yet differ appreciably in patterns of hourly concentrations.209  In contrast, the Administrator 

asserts that the current form and averaging time can provide control of both peak concentrations 
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and concentration-weighted cumulative exposures, which is evidenced by the limited occurrence 

of hourly concentrations of magnitudes at or above 100 ppb and of cumulative exposures at or 

above 19 ppm-hrs in areas that meet the current standard.210  Additionally, the Administrator 

proposes to conclude that such an alternative standard in terms of a W126 index could pose a 

risk to the public welfare due to its inability to protect sufficiently against peak concentrations.211  

In addition to supporting these reasoned justifications provided by the Agency, the NR3 

Coalition notes that revising the form and averaging time of the secondary ozone NAAQS to a 

W126 index standard would cause significant implementation issues and administrative 

inconvenience.  Among other things, a new form and averaging time for the secondary NAAQS 

would require states to designate nonattainment areas for the NAAQS that would almost 

certainly overlap with, but differ from, those of the primary NAAQS.  Furthermore, the strategies 

necessary to bring areas into attainment of such a standard would likely differ from those 

required for the primary NAAQS, imposing significant planning burdens on states.   

Indeed, tools to develop appropriate implementation strategies may not be available.  For 

example, air quality models commonly used in developing such strategies have not been 

demonstrated to predict W126 concentrations in ambient air accurately.  Paine and Heinold note 

that they are unaware of any evaluation of the performance of a photochemical grid model that 

addresses the 8 a.m. to 8 p.m. and 3-month periods on which the W126 index is based.212 

Paine and Heinold also explain that comments submitted to EPA during the last ozone 

NAAQS review highlighted some of the other implementation challenges that would be posed by 
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implementation of a secondary NAAQS specified in terms of a W126 index.  They point to the 

following concerns expressed by the Washington Department of Ecology if the secondary 

standard were stated in terms of the W126 index: 

• Software updates to air quality models and EPA’s Air Quality System would be 
necessary; 

• New procedures for permitting new sources would be required; 

• Remedy development would be difficult due to the complex weighted-average 
used to determine a W126 index value; and 

• Treatment of exceptional events would become even more complicated.213 

Maintaining the current for and averaging time for the secondary NAAQS avoids these 

concerns. 

c. The Administrator Has Reasonably Proposed to Find that the 
Current Secondary NAAQS Provides Adequate Protection 
Against Adverse Welfare Effects from Foliar Injury.  

In Murray Energy, the D.C. Circuit held that EPA arbitrarily failed to justify its decision 

not to identify a level of air quality to protect against visible foliar injury, although CASAC had 

found at that time that “[a] level below10 ppm-hrs is required to reduce foliar injury.”214  In the 

current review, CASAC found the evidence was insufficient to “quantitatively characterize” the 

relationship between ozone exposure and foliar injury.215  Despite the uncertain 

ties in and limitations of the evidence that prevents such quantification, the Administrator 

recognized that evidence provides a sufficient basis for assessing the protection against foliar 
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injury provided by the current secondary NAAQS.216  He proposed to conclude that the current 

standard “provides sufficient protection of natural areas . . . such as Class I areas, from O3 

concentrations in the ambient air that might be expected to elicit visible foliar injury of such an 

incidence and severity as would reasonably be judged adverse to the public welfare.”217 

After acknowledging that foliar injury has the potential to be significant to public 

welfare,218 the Administrator turned to data from biosites maintained by the U.S. Forest Service 

(USFS) to evaluate whether the existing secondary NAAQS provides the requisite protection 

against adverse foliar injury effects.219  Foliar injury at these biosites has been quantified in 

terms of a biosite index (BI).220  Over 81 percent of all observations from data collected at these 

sites from 2006 to 2010 showed no visible injury.221  Moreover, less than 2 percent of recorded 

observations registered BI index scores reflecting moderate to heavy foliar damage.222  The 

average BI score was notably higher for areas with the highest W126 index values (above 25 

ppm-hrs); BI scores for areas with lower W126 index values were inconsistent.223   

                                                 

216 85 Fed. Reg. at 49902.  These uncertainties arise, for example from the “very strong influence” of soil 
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Exercising public welfare policy judgment, the Administrator proposes to conclude that 

the occurrence of lower categories of BI scores (5 to 15) do not pose concern for the public 

welfare, while BI scores categorized as “‘moderate to severe’” (BI scores above 15) would be an 

indication of visible foliar injury occurrences that may raise public welfare concerns.224  Noting 

the marked increase in the incidence of higher BI scores only when W126 index values were 

above 25 ppm-hrs,225 which is well above W126 levels that occur when the current secondary 

NAAQS is attained, the Administrator judges that the available information on visible foliar 

injury as measured by BI scores at USFS biosites does not indicate widespread incidence of 

significant foliar injury at sites that meet the current secondary standard.  Thus, he proposes to 

conclude that the current secondary NAAQS adequately protects public welfare from adverse 

effects related to foliar injury.  This conclusion, based on the scientific record, is reasonable and 

well explained. 

2. The Remaining Aspects of the Proposal, Issued Pursuant to EPA’s 
Statutory Five-year Review, are Also Reasonable and Adequately 
Explained.  

The Administrator’s proposal also addresses appropriately the remaining welfare effects 

loosely associated with ozone in the ambient air.  For other vegetation-related effects, EPA staff 

in the Ozone PA “explained in great detail” why the scientific uncertainties regarding these 

effects were so “unusually profound” that EPA “could not form” a reasoned judgment as to a 

requisite level of protection.226  With regard to reduced crop yield, specifically, the 

Administrator proposes to conclude that evidence regarding RBL as a proxy for the broader array 

                                                 

224 85 Fed. Reg. at 49909.  

225 Id.; Ozone PA at 4-74. 

226 Ctr. for Biological Diversity, 749 F.3d at 1088, 1090.  
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of vegetation-related effects, in combination with air quality in areas meeting the current 

standard, indicate that the current secondary NAAQS provides adequate protection from adverse 

effects on crop yield.227  The Administrator agrees with his staff’s finding that it is difficult to 

determine E-R functions in light of the extensive management of crops.  Use of variable 

management practices to achieve optimal yields means that not every effect on crop yield will be 

adverse to public welfare.228  Consistent with the last review, EPA staff also acknowledges that 

changes in crop yields implicates competing interests of producers and consumers, which could 

require assessing overall public welfare impacts for reduced crop yield.229   

With regard to other vegetation-related effects, EPA staff has concluded that the available 

evidence in areas meeting the current secondary ozone NAAQS does not call into question the 

adequacy of protection provided by that standard.230  The staff has found no indication that other 

vegetation-related effects were anticipated to occur at a level significant to the public welfare.231  

EPA is not required to identify pollutant levels below which risks to the public health are 

negligible.232  Relying on these analyses by his staff, the Administrator reasonably proposes not 

to identify levels for which protection against these other vegetation-related effects is necessary.   

Finally, the Administrator considers ozone effects on climate, including radiative forcing.  

Consistent with the conclusions of his staff and CASAC, the Administrator proposes to find that 

                                                 

227 85 Fed. Reg. at 49912. 

228 Id. 

229 Ozone PA at 4-93. 

230 Id. at 4-105. 

231 Id. 

232 Am. Trucking Ass’ns, Inc., 283 F.3d at 370.  



 

46 

uncertainties in the available evidence preclude characterization of the relationship between 

ozone concentrations in U.S. ambient air and climate-related effects.  The Administrator 

recognizes the lack of quantitative tools to consider how ozone concentrations affect regional 

alterations in temperature, precipitation and other climate-related variables.233  As EPA staff 

acknowledges, this contributes to the great uncertainty regarding climate effects of tropospheric 

ozone compared to other greenhouse gases.234  In light of these enormous uncertainties, the 

Administrator proposes to conclude that there is insufficient information to determine whether 

the existing standard is adequate or to identify any appropriate revision of the secondary ozone 

NAAQS.235 

IV. Additional Factors Support the Reasonableness of Retaining the Current Primary 
and Secondary NAAQS Given the Scientific Uncertainty. 

Lowering the ozone NAAQS would impose significant implementation obligations on 

regulatory agencies across the country, both in attainment and nonattainment areas.  These 

obligations could severely challenge local officials who are already simultaneously 

implementing ozone NAAQS set in 2008 and 2015, and who are still living with legacy 

implementation obligations for the 1997 ozone NAAQS.  Moreover, the ozone NAAQS are 

already nearing background concentrations in some places.236  Lowering the standards further 

would exacerbate burdens in such areas.  EPA can act within its policy discretion and weigh 

these factors against the apparently negligible benefit of lowering ozone NAAQS beyond the 

current primary and secondary standards. 

                                                 

233 85 Fed. Reg. at 49903. 

234 Ozone PA at 4-24. 

235 85 Fed. Reg. at 49908. 

236 Id. at 49838. 
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A. Socioeconomic Impacts and Proximity to Background Ozone Levels Can 
Provide Important Context for a NAAQS Review Where Health and Welfare 
Benefits are Uncertain. 

NAAQS are unquestionably based on protection of public health and welfare.  However, 

EPA need not completely ignore the consequences of setting NAAQS in a situation where a 

consensus of experts finds the potential resulting health or welfare benefits unclear.  

Socioeconomic impacts from implementing NAAQS may provide EPA with important context 

when exercising policy judgment during a NAAQS review when, as is the case here, the benefits 

from a lower standard are highly uncertain.237  This is particularly so with ozone NAAQS, where 

courts have recognized that proximity to background concentrations of ozone in ambient air is a 

valid contextual factor. 

The Supreme Court was clear in Whitman that EPA cannot consider implementation costs 

when setting or revising NAAQS.238  However, Justice Breyer noted in his concurrence to the 

case that the Act “allow[s] [the Administrator] to take account of context when determining the 

acceptability of small risks to health.  And [the Act] give[s] [the Administrator] considerable 

discretion when . . . do[ing] so.”239  On remand, the D.C. Circuit further clarified the policy 

context of a NAAQS review, noting that EPA could consider relative proximity to peak 

background ozone concentrations when exercising policy discretion to choose among a range of 

adequately protective standards.240    

                                                 

237 See pp. 15, 24, 24, 36-38, 42, supra. 

238 Whitman, 531 U.S. at 469. 

239 Id. at 495 (Breyer, J., concurring). 

240 Am. Trucking Ass’ns, 283 F.3d at 379.  Indeed, the Act recognizes the potential for socioeconomic 
impacts arising from NAAQS.  It directs that CASAC advise the Administrator on “social, economic, or energy 
effects” arising from NAAQS implementation.  CAA § 109(d)(2)(C)(iv).  No such analysis has been undertaken. 
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Recent statements by the D.C. Circuit in Murray Energy concerning consideration of 

impacts from NAAQS implementation as well as the level of background concentrations reaffirm 

Whitman’s fundamental notion that Congress directed NAAQS to be effect-based standards.241  

Yet, where health and welfare effects do not clearly point towards a particular NAAQS level, 

factors such as these can provide context in EPA’s choice of a NAAQS. 

Therefore, EPA should look to the proximity of the standard to background air quality 

and socioeconomic impacts to avoid regulating risks that the Agency reasonably concludes are 

trivial.242  Such context further illustrates the reasonableness of EPA’s proposal to retain the 

existing primary and secondary ozone NAAQS.  Doing so lessens the possibility that 

nonattainment and attainment areas alike could face the possibility of needing reductions of 

biogenic or international emissions for the sake of uncertain benefits.  A requirement for such 

reductions could hinder the progress of local communities that are already implementing 

multiple other ozone NAAQS, working to grow economically,243 and providing public services 

that are critical to the country’s well-being. 

1. Lowering the Primary or Secondary Ozone NAAQS Further Would 
Result in a Standard Approaching Background Levels in More Areas. 

The proximity of the present ozone NAAQS to background ozone concentrations has 

been well documented.244  Lowering those standards further would result in significant 

implementation challenges. 

                                                 

241 Murray Energy, 936 F.3d at 621-25. 

242 Whitman, 531 U.S. at 496 (Breyer, J., concurring). 

243 See CAA § 101(b)(1) (explaining that protecting and enhancing the nation’s productive capacity is one 
purpose of the Act). 

244 See 85 Fed. Reg. at 49838 (acknowledging background ozone levels can approach or exceed 70 ppb). 
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CASAC was certainly aware of background ozone concentrations.  One CASAC 

consultant advised the committee, “[B]ackground is a significant contributor to O3 

concentrations, even in urban areas.”245  Another consultant explained, “[L]ocalized ozone 

concentrations from anthropogenic sources can usually be conceptually viewed as a relatively 

smaller contribution that raises the U.S. background ozone concentration above the NAAQS.”246  

He noted that EPA’s own analysis implies that natural sources alone can yield an ozone design 

value larger than the current NAAQS of 70 ppb in the Western U.S., and that in some areas it “is 

impossible to reach the current NAAQS of 70 ppb through domestic precursor emission controls 

only.”247   

The complex contribution of background emissions to ozone NAAQS exceedances was 

recently highlighted in Phoenix, Arizona where, despite a 20 percent drop in ozone precursor 

emissions due to pandemic-related reductions in traffic and industrial activity, the city exceeded 

the ozone NAAQS 11 times in April and May 2020.248  Notably, transported and natural 

emissions resulted in NOx levels within the city that were 12.5 percent higher than the previous 

                                                 

245 CASAC PA Letter at C-2 (comments of CASAC consultant Dr. Dan Jaffe).   

246 Id. at C-42 (comments of CASAC consultant Dr. David Parrish) (emphasis added). 

247 Id. at C-33.  Background contributes to ambient ozone concentrations in the summer, when U.S. ozone 
concentrations are generally highest, due to stratospheric intrusion, wildfire, lightning, and transport from Canada, 
Mexico, and China.  See Robert J. Paine & David W. Heinold, Written Comments provided to the EPA’s Clean Air 
Science Advisory Committee Regarding Aspects of EPA’s Draft Integrated Science Assessment and Policy 
Assessment of the Ozone National Ambient Air Quality Standards at 8-9 (Nov. 26, 2019), 
https://yosemite.epa.gov/sab/sabproduct.nsf/83E9BD4AE102C4E3852584BE007F9ED9/$File/AECOM+ozone+NA
AQS+comments+to+CASAC_26nov19.pdf. 

248 Erin Stone, Traffic was down in Phoenix, but ozone levels remained stubbornly high.  What’s 
happening?, AZCENTRAL.COM, June 12, 2020, https://www/azcentral.com/story/news/local/arizona-
environment/2020/06/12/despite-pandemic-traffic-reductions-ozone-still-issue/5248619002/ (last visited Sept. 23, 
2020). 

https://yosemite.epa.gov/sab/sabproduct.nsf/83E9BD4AE102C4E3852584BE007F9ED9/$File/AECOM+ozone+NAAQS+comments+to+CASAC_26nov19.pdf
https://yosemite.epa.gov/sab/sabproduct.nsf/83E9BD4AE102C4E3852584BE007F9ED9/$File/AECOM+ozone+NAAQS+comments+to+CASAC_26nov19.pdf
https://www/azcentral.com/story/news/local/arizona-environment/2020/06/12/despite-pandemic-traffic-reductions-ozone-still-issue/5248619002/
https://www/azcentral.com/story/news/local/arizona-environment/2020/06/12/despite-pandemic-traffic-reductions-ozone-still-issue/5248619002/
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year.249  Indeed, recent EPA research found that lightning-related NOx, averaged 30 percent of 

total NOx, a key ozone precursor in certain areas, “result[ing] in an overall increase to ozone 

levels” that warranted further investigation for its impact on nonattainment areas.250  These 

recent developments call into question whether background ozone levels could effectively 

prevent attainment of even the current ozone NAAQS, let alone any more stringent one. 

The principle that it should be possible for a state to attain, and then maintain, the 

standards EPA sets is implicit in the terms of the Act.  For example, in assigning states 

responsibility for assuring air quality and submitting implementation plans, the Act requires such 

plans to “specify the manner in which national primary and secondary ambient air quality 

standards will be achieved and maintained.”251  The Act further requires states in nonattainment 

areas to identify measures to ensure “reasonable further progress” toward attainment and “annual 

incremental reductions in emissions of the relevant air pollutant . . . for the purpose of ensuring 

attainment of the applicable national ambient air quality standard by the applicable date.”252  In 

addition, the Act requires the Administrator to set a date by which a primary NAAQS in a 

nonattainment area “can be achieved.”253  These provisions express clear congressional intent 

that it be possible for the states to achieve the standards EPA sets.  The standards would lose 

meaning if EPA set them at levels that could not physically be attained even if all emissions of a 

                                                 

249 Id. 

250 EPA, EPA Model Shows Potential in Unraveling the Mystery of Lightening’s Impact on Air Quality, 
https://www.epa.gov/sciencematters/epa-model-shows-potential-unraveling-mystery-lightnings-impact-air-quality 
(last visited Sept. 30, 2020). 

251 CAA § 107(a) (emphasis added). 

252 Id. § 171(1) (emphasis added). 

253 Id. § 172(a)(1)(A). 

https://www.epa.gov/sciencematters/epa-model-shows-potential-unraveling-mystery-lightnings-impact-air-quality
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particular pollutant in a state were to cease and all domestic transported emissions contributing to 

nonattainment were addressed. 

2. Lowering the Primary or Secondary Ozone NAAQS Would Cause 
Serious Socioeconomic Impacts in Both Nonattainment and Attainment 
Areas. 

The Act outlines measures that can affect every part of the country, creating serious and 

immediate consequences not only for areas that do not attain lower NAAQS, but also for those 

that do.  These consequences can affect local communities significantly, especially those 

communities where implementation strategies are limited due to standards set near background 

concentrations.  These consequences provide invaluable context whenever EPA evaluates a 

range of protective standards, particularly if EPA is evaluating standards that offer trivial or 

uncertain health or welfare benefits. 

A nonattainment designation under the Act can directly affect the economic vitality of an 

area by making it difficult to attract and develop business in and around a nonattainment area.  In 

addition, existing business operations may be required to install more restrictive emission control 

technology than is used for similar operations in attainment areas, i.e., reasonably available 

control technology,254 and may be required to do even more if necessary to attain the NAAQS.255  

Moreover, companies building new facilities or performing major modifications to certain 

existing facilities in a nonattainment area that result in increased emissions of ozone precursors 

are required to install emission reduction technology that produces the lowest achievable 

emission rate, without consideration of cost.256  These companies must also obtain offsets for 

                                                 

254 Id. § 172(c)(1). 

255 Id. §182(b)(1)(A). 

256 Id. § 173(a)(2). 
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such emissions by reducing emissions from other existing sources in a nonattainment area.257  

The required offsets may exceed a 1:1 ratio,258 and can even be set as high as a 2:1 ratio.259  Over 

the years, costs for such offsets have steadily grown as ozone NAAQS have moved closer and 

closer to background concentrations. 260  Available offsets have become more difficult, if not 

impossible, to find.  If no party is willing or able to provide offsets, then the project simply 

cannot go forward.  Furthermore, a nonattainment designation gives EPA authority to intervene 

in and revise any state permitting decision affecting the nonattainment area, even if EPA has 

delegated permitting authority to the state.261  A nonattainment designation can also profoundly 

affect infrastructure development vital to the business community.  Beginning one year from the 

date of the nonattainment designation, federally supported highway and transit projects cannot 

proceed without a state demonstration that the project will not cause an increase in precursor 

emissions.262   Even after nonattainment areas achieve attainment, they face a legacy of EPA 

regulatory oversight.  Before a nonattainment area can be redesignated to attainment, EPA must 

receive and approve an enforceable maintenance plan for the area that specifies measures 

providing continued maintenance of the NAAQS and contingency measures to be implemented 

promptly if NAAQS are violated.  For these reasons, increased costs associated with permit 

                                                 

257 Id. § 173(a)(1)(A). 

258 Id. § 182(b)(5), (c)(7)-(10), (d)(2), (e)(1)-(2). 

259 Id. § 179(b)(2). 

260 See, e.g., https://www.tceq.texas.gov/assets/public/implementation/air/banking/reports/ectradereport.pdf 
(showing both VOC and NOx offsets costing approximately $150,000/ton, meaning a source emitting at the major 
source threshold of 100 tons/year of ozone precursors would need to spend $15 million for offsets).  

261 CAA § 505(b). 

262 Id. § 176(c). 

https://www.tceq.texas.gov/assets/public/implementation/air/banking/reports/ectradereport.pdf
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requirements and other restrictions can effectively prevent companies interested in building a 

facility emitting ozone precursors from building that facility in a nonattainment area.   

Growing implementation challenges for prevention of significant deterioration (PSD) 

permitting extend the impact of lower ozone NAAQS to attainment areas as well.  Before a new 

source can be built in an attainment area, or an existing source can be expanded, the proponent of 

the source must demonstrate that the source will not cause or contribute to an ozone NAAQS 

violation.263  In addition, the facility must use the best available control technology.264  

Companies seeking to build such projects and grow development in local communities already 

face numerous challenges in making the necessary demonstrations under current NAAQS.  

These challenges include the layers of conservatism built into the modeling analysis and the fact 

that the monitored background concentration that EPA requires be added to modeled 

concentrations might not be representative.   

Challenges in PSD permitting in attainment areas have increased as the NAAQS have 

been lowered to within the proximity of background concentrations.  Further reducing NAAQS 

would reduce the margin to make NAAQS compliance demonstrations in attainment areas. 

Indeed, if the NAAQS were below the background ozone concentration, such demonstrations 

could be impossible.  Companies, even in areas that attain ozone NAAQS, could effectively be 

required to address of ozone-forming emissions from uncontrollable sources in order to obtain 

the necessary approvals for new, state-of-the-art projects that create jobs and bring much needed 

tax revenue to local communities now in critical need of economic development.   

                                                 

263 Id. § 165(a)(3). 

264 Id. § 165(a)(4). 
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Attainment areas could also be burdened by lower ozone NAAQS through the Act’s 

interstate control provisions.  EPA has previously relied on Section 110 of the Act to require 

states to prohibit emissions that significantly contribute to air quality problems in another state.   

Furthermore, upon petition by a state, EPA in certain circumstances must require controls in 

upwind attainment areas under Section 126(b) of the Act.  As a result, a lower ozone NAAQS 

could increase the stringency of controls even in attainment areas, creating burdens to economic 

development in attainment areas similar to those in nonattainment areas. 

In short, lower ozone NAAQS would have a profound impact on nonattainment and 

attainment areas alike across the country.  This is particularly the case in areas where high 

background concentrations pose challenges to implementation strategies.  The resulting loss of 

employment opportunities and erosion of tax revenue could impede important local services such 

as public safety and education, which produce significant benefits to public health and welfare.  

These socioeconomic impacts are relevant contextual factors when considering whether to set 

NAAQS at levels that do not provide clear benefits. 

B. A Lowered Primary or Secondary Standard Would Burden Local Officials 
Already Implementing Multiple Other Ozone NAAQS. 

Beyond the consequences of a more stringent NAAQS for local economies, such an 

action would impose additional administrative burdens on state and local officials already 

working to implement multiple past standards.  Many state officials commented to EPA in the 

last (2015) ozone NAAQS review that lowering the ozone NAAQS would create serious 

challenges for them because their offices were just starting to implement the 2008 ozone 

NAAQS.  Any new NAAQS now would magnify these challenges, as jurisdictions must 
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continue implementation of the 2015 ozone NAAQS, as well as certain aspects of the revoked 

2008 and 1997 ozone NAAQS.265 

The Act specifies a number of duties states must fulfill for each NAAQS.  Section 

110(a)(2) lists numerous requirements state (or local or tribal) agencies must meet as part of 

developing state implementation plans (SIPs) under a NAAQS.  These include setting up and 

operating ambient air quality monitors and collecting and reporting the resulting data;266 

providing for enforcement of measures and regulation of new and modified sources;267 

prohibiting activity that would contribute significantly to nonattainment or interfere with 

measures to prevent significant deterioration of air quality or protect visibility in another state;268 

providing assurances of adequate resources and legal authority to implement SIPs;269 requiring 

emissions monitoring for certain stationary sources;270 establishing authority for emergency 

actions to protect public health;271 providing for future SIP revisions in response to changing 

NAAQS or to findings of SIP inadequacy;272 meeting nonattainment planning requirements, if 

applicable;273 meeting requirements related to consultation and public notification;274 performing 

                                                 

265 See generally, S. Coast Air Quality Mgmt. Dist. v. EPA, 882 F.3d 1138 (D.C. Cir. 2018) (South Coast 
II); S. Coast Air Quality Mgmt. Dist. v. EPA, 472 F.3d 882 (D.C. Cir. 2006) (South Coast I). 

266 CAA § 110(a)(2)(B). 

267 Id. § 110(a)(2)(C). 

268 Id. § 110(a)(2)(D). 

269 Id. § 110(a)(2)(E). 

270 Id. § 110(a)(2)(F). 

271 Id. § 110(a)(2)(G). 

272 Id. § 110(a)(2)(H). 

273 Id. § 110(a)(2)(I). 

274 Id. § 110(a)(2)(J). 
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air quality modeling, if requested, to predict effects on air quality from pollutant emissions;275 

establishing a program of permitting fees to cover costs of permits required under the SIP;276 

and, providing for consultation and participation by local political subdivisions affected by the 

SIP.277  States with ozone nonattainment areas face additional requirements depending on the 

area’s nonattainment classification.278  

Even when a standard has been revoked and replaced by a more stringent one, the courts 

have found that many provisions continue to apply.279  As a result, local officials now not only 

must implement the 2015 ozone NAAQS, but must also continue work on certain provisions for 

the now-revoked 1997 and 2008 NAAQS.  Any additional new ozone NAAQS would compound 

the administrative strain on these local government officials. 

C. EPA’s Proposal is Reasonable in the Context of Background Proximity and 
Socioeconomic Factors. 

As discussed above, there is substantial uncertainty that a lower ozone NAAQS would 

produce any health or welfare benefits.  At the same time, a lower standard would likely cause 

very real socioeconomic impacts that could undermine individuals’ ability to earn a living and 

businesses’ ability to operate and would unnecessarily burden state, local, and tribal 

governments.  Under these circumstances, it is incumbent upon the Administrator to consider 

such impacts to provide context for the uncertain benefits arising from lower ozone NAAQS.  

                                                 

275 Id. § 110(a)(2)(K). 

276 Id. § 110(a)(2)(L). 

277 Id. § 110(a)(2)(M). 

278 Id. § 182. 

279 See generally South Coast II; South Coast I. 
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Consideration of these impacts, as well as the proximity of ozone NAAQS to background levels, 

further illustrates the reasonableness of EPA’s proposal to retain the current ozone NAAQS. 

V. Conclusion 

EPA’s proposal to retain the current primary and secondary ozone NAAQS, without 

revision, is appropriate.  This proposal is the outcome of a multi-year regulatory process that 

fulfills the requirements of the Act and reflects a sound understanding of the latest relevant 

science concerning effects of ozone on public health and welfare, taking into account the advice 

provided by CASAC.  The proposal represents the Administrator’s informed and reasoned policy 

judgments that the current primary NAAQS continues to protect the public health, inclusive of 

sensitive populations, with an adequate margin of safety, and that the current secondary NAAQS 

continues to protect the public welfare from known or reasonably anticipated adverse effects.  In 

making these judgments, EPA has correctly concluded that more recent science does not provide 

a basis for reconsidering the 2015 determination that the current standards are requisite to protect 

the public health and welfare. 



ATTACHMENT 1 
 

TO 
 

COMMENTS OF THE NAAQS REGULATORY REVIEW & RULEMAKING 
COALITION ON REVIEW OF THE NATIONAL AMBIENT AIR QUALITY 

STANDARDS FOR OZONE:  PROPOSED ACTION 
85 Fed. Reg. 49830 (Aug. 14, 2020) 

 
Docket No. EPA-HQ-OAR-2018-0279 

 
Alliance for Automotive Innovation 
American Chemistry Council 
American Coke and Coal Chemicals Institute 
American Forest & Paper Association 
American Fuel & Petrochemical Manufacturers 
American Iron and Steel Institute 
American Petroleum Institute 
American Wood Council 
Council of Industrial Boiler Owners 
National Lime Association 
National Mining Association 
Portland Cement Association 
The Aluminum Association 
U.S. Chamber of Commerce 
Utility NAAQS Coalition 
Vegetable Oil Processors Coalition: 
 National Oilseed Processors Association 
 Corn Refiners Association 
 National Cotton Council 
 National Cottonseed Processors Coalition 

 

October 1, 2020 
 



 
 
 

 

 
 
 
Comments on US EPA's "Review of the National 
Ambient Air Quality Standards for Ozone (Proposed 
Action)" and Its Proposal to Retain the Current 
Primary Ozone NAAQS 
 
Docket ID: EPA-HQ-OAR-2018-0279 
 
 
Prepared for 
American Petroleum Institute 
1220 L Street, NW 
Washington, DC 20005-4070 
 
 
September 29, 2020 
 

 



 
 
 

   i 
 
\\CAMFS\G_Drive\Projects\220022_API_Ozone_PM_Rulemakings\TextProc\r092820k.docx 

Table of Contents 

  Page 
 

Executive Summary .................................................................................................................... ES-1 

1 Introduction ........................................................................................................................ 1 

2 Approach for Reviewing Evidence (II.A) ............................................................................. 2 

3 Respiratory Effects (II.B.1) .................................................................................................. 4 
3.1 Short-term Exposures ............................................................................................. 4 

3.1.1 Controlled Human Exposure Studies .......................................................... 4 
3.1.2 Epidemiology Studies .................................................................................. 5 
3.1.3 Animal Toxicity Studies ............................................................................... 6 

3.2 Long-term Exposures .............................................................................................. 6 

4 Metabolic Effects (II.B.1) ..................................................................................................... 8 

5 Other Health Effects (II.B.1) ................................................................................................ 9 

6 At-Risk Populations ........................................................................................................... 10 

7 Exposure and Risk-based Considerations (II.B.2, II.B.3, II.C) ............................................ 11 

8 Conclusions ....................................................................................................................... 13 

References .................................................................................................................................... 14 
 
 
Attachment A Gradient Ozone Integrated Science Assessment Comments 



 
 
 

   ES-1 
 
\\CAMFS\G_Drive\Projects\220022_API_Ozone_PM_Rulemakings\TextProc\r092820k.docx 

Executive Summary 

Administrator Andrew Wheeler of the United States Environmental Protection Agency (US EPA) 
proposes in the Agency's "Review of the National Ambient Air Quality Standards [NAAQS] for Ozone 
(Proposed Action)" (hereafter, "Proposed Action") that both the primary and secondary ozone NAAQS be 
retained (US EPA, 2020a).  This proposal is supported by all but one member of the Clean Air Scientific 
Advisory Committee (CASAC) (US EPA, 2020b).   
 
Gradient was retained to comment on the Proposed Action to retain the current primary ozone NAAQS.  
We found that, overall, compared to previous NAAQS Integrated Science Assessments (ISAs), there have 
been many improvements in the science evaluation in the Ozone ISA (US EPA, 2020c), on which the 
Proposed Action is partially based.  However, there are still some limitations with the literature search 
and study selection process, the evaluation of study quality and biological plausibility, the evidence 
summaries, and the causal determination process that resulted in conclusions that were biased towards 
causality.   
 
The Ozone ISA concluded that there is a causal relationship between short-term ozone exposure and 
respiratory effects.  Both the Ozone ISA and the Ozone Proposed Action cited decades of research from 
controlled human exposure studies as the strongest evidence for this relationship.  These studies are also 
critical in US EPA's evaluation of the adequacy of the current primary ozone standard.  However, a 
review of controlled human exposure, epidemiology, and animal evidence does not support respiratory 
effects of short-term ozone exposure below the current standard.   
 
Regarding long-term ozone exposure and respiratory effects, the Ozone ISA concluded that the 
association was likely causal.  However, the epidemiology studies cited as key evidence suffer from the 
same limitations as short-term ozone epidemiology studies.  Rodent and infant rhesus monkey studies that 
evaluated the respiratory effects of long-term ozone exposure primarily reported effects at concentrations 
ranging from 500 to 2,000 parts per billion (ppb).  These are not informative with respect to ambient 
exposures below the current primary standard.  Thus, the evidence for long-term ozone exposure and 
respiratory effects does not support a likely causal determination.   
 
US EPA also concluded that there is a likely causal relationship between short-term ozone exposure and 
metabolic effects, and that the evidence is suggestive of a causal relationship with long-term ozone 
exposure and metabolic effects.  The Ozone ISA acknowledged that there is limited evidence from 
epidemiology and controlled human exposure studies, but it indicated that animal toxicity studies provide 
robust evidence of the impact of short-term ozone exposure on metabolic effects.  While key animal 
toxicity studies may support the effects of short-term ozone exposure on glucose impairment at 500 to 
1,000 ppb, the evidence for other metabolic endpoints is not consistent, and most studies only evaluated 
ozone exposure concentrations that are far higher than the current ozone standard.  Animal toxicity and 
human epidemiology studies are also limited regarding long-term exposure.  Overall, the evidence 
presented is inadequate to classify causation at ambient concentrations.  CASAC concluded that the 
evidence does not support likely causal conclusions for short- or long-term exposure.   
 
As indicated in the Ozone ISA, evidence for short-term ozone exposure and cardiovascular effects and 
total mortality certainly does not support a likely causal relationship.  However, it also is not suggestive 
of a causal relationship; rather, it is inadequate to address causality, if not suggestive of a lack of 
association.  In addition, evidence for other endpoints does not support causal or likely causal 
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associations.  Like the evidence for short-term ozone exposure and cardiovascular effects and total 
mortality, this evidence falls short of suggestive. 
 
The Proposed Action states that people with asthma, children, outdoor workers, and older adults are at 
increased risk for adverse respiratory effects from ozone exposure.  Children and outdoor workers are 
thought to be at increased risk due to the amount of time spent outdoors with higher exertion rates.  
However, a review of the evidence for older adults indicates that it does not support a higher risk in this 
population (US EPA, 2020a).   
 
In its exposure-and-risk assessment, the Proposed Action evaluates benchmarks of 60, 70, and 80 ppb in 
the most sensitive population (children with asthma) breathing at an elevated rate.  This analysis only 
differed from that in the prior review cycle in two ways – it used updated data and exposure estimates, 
and the new results indicated that fewer children are likely to be impacted than were estimated in the last 
NAAQS review cycle.  The lower estimated exposures and risks at the same design values in the more 
recent review cycle support available evidence from controlled human exposure, epidemiology, and 
toxicity studies, and support the Administrator's conclusion that the current primary ozone NAAQS is 
adequate to protect public health.  
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1 Introduction  

The Administrator of the United States Environmental Protection Agency (US EPA), Andrew Wheeler, 
proposes in the Agency's "Review of the National Ambient Air Quality Standards [NAAQS] for Ozone 
(Proposed Action)" (hereafter, "Proposed Action") that the ozone NAAQS be retained without revision 
(US EPA, 2020a).  The primary standard provides public health protection and is currently 70 parts per 
billion (ppb), based on a three-year average of the annual fourth-highest daily maximum eight-hour 
average ozone concentrations. 
 
The Administrator's proposed conclusions are based on evidence reviewed and summarized in the Ozone 
Integrated Science Assessment (ISA; US EPA, 2020c) and analyses presented in the Policy Assessment 
(PA; US EPA, 2020d).  All members of the Clean Air Scientific Advisory Committee (CASAC; US EPA, 
2020b) agreed that the newly available evidence that CASAC reviewed does not substantially differ from 
the evidence reviewed for the last NAAQS review cycle in 2015.  The Administrator's proposal to retain 
the standard is supported by six of the seven CASAC members (US EPA, 2020b).  As discussed below, 
his proposal is also supported by a review of the available controlled human exposure, epidemiology, and 
toxicity evidence, as well as risk-based considerations.   
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2 Approach for Reviewing Evidence (II.A) 

There have been several improvements in US EPA's process for reviewing evidence in the Ozone ISA 
(US EPA, 2020c).  But, as discussed in a recent review by Goodman et al. (2020) and below, several 
issues remain.  These issues resulted in conclusions that were biased towards causality.   
 
New information on the Ozone ISA's literature search and study selection process has increased 
transparency, though there is still a need for greater transparency in the overall approach.  The rationale 
behind some of the parameters in the Population, Exposure, Comparison, Outcome, and Study Design 
tool used to identify literature is not clear, and more justification is needed to support study 
inclusion/exclusion criteria.  Furthermore, the Ozone ISA stated that study quality was assessed as part of 
the final study screening step, but study quality should not be considered at this stage of the assessment. 
 
The study quality tables in the Ozone ISA provided a generally consistent framework for evaluating the 
quality of individual studies; however, the study quality criteria should be concise and clearly define 
study aspects that are indicative of higher-quality studies.  This would allow US EPA to assess study 
strengths and limitations in a consistent manner and properly weigh studies in its causality assessments.  
In addition, study quality should be evaluated and discussed in a consistent manner throughout the Ozone 
ISA.  There was little discussion of study quality in the Ozone ISA, and it is not adequately considered in 
the Ozone ISA's causal classifications. 
 
The Ozone ISA is the first ISA to begin each health outcome section with a discussion of biological 
plausibility (US EPA, 2020c).  It is encouraging to see that US EPA is emphasizing the importance of this 
critical aspect of causation, but study relevance and quality are not adequately considered in this 
discussion.  As a result, the Ozone ISA implied that the evidence was stronger for hypothesized pathways 
than it actually was.  For example, in biological plausibility diagrams, the Ozone ISA concluded that the 
evidence indicated that ozone caused upstream effects in certain pathways, but it assumed downstream 
effects could also occur without evidence to support this assumption.  In addition, as discussed in 
CASAC's comments (US EPA, 2020e), the Ozone ISA failed to discuss both positive and negative studies 
regarding biological plausibility or individual study quality.  CASAC (US EPA, 2020e) also noted that 
the Ozone ISA did not fully integrate dose-response data when considering biological plausibility.  
 
Similar to other recent ISAs, the Ozone ISA summarized and presented the key evidence on the 
association between short- and long-term ozone exposure and each health outcome in tables that outline 
key study results, the ozone concentrations associated with each health outcome, and the Ozone ISA's 
rationale for causality determination.  However, it was not always clear what qualifies as a key study.  In 
addition, these tables and accompanying text did not sufficiently consider study quality and its impact on 
the interpretation of results. 
 
Finally, the Ozone ISA continued to use a five-level framework for causal determinations (causal 
relationship, likely to be a causal relationship, suggestive of a causal relationship, inadequate to confer a 
causal relationship, and not likely to be a causal relationship).  A four-level framework would be more 
consistent with other causal frameworks.  Although US EPA only considers effects in the Proposed 
Action that are causal or likely to be causal, it is notable that the determination of suggestive, but not 
sufficient to infer, causation implies that the available evidence may indicate a potential health effect 
when the evidence is truly inadequate to make a causal determination.   
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Overall, there have been many improvements in the science evaluation in the Ozone ISA.  However, there 
are still issues with the literature search and study-selection process, the evaluation of study quality and 
biological plausibility, the evidence summaries, and the causal determination process, all of which 
resulted in conclusions that were biased towards causality.   
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3 Respiratory Effects (II.B.1) 

3.1 Short-term Exposures 

The Ozone ISA concluded that there is a causal relationship between short-term ozone exposure and 
respiratory effects.  Both the Ozone ISA and the Ozone Proposed Action cited decades of research from 
controlled human exposure studies as the strongest evidence for this outcome.  These studies were also 
critical in US EPA's evaluation of the adequacy of the current primary ozone standard.  However, a 
review of controlled human exposure, epidemiology, and animal evidence does not support respiratory 
effects of short-term ozone exposure at or below the current standard.   
 
3.1.1 Controlled Human Exposure Studies 

US EPA (2020a) states in the Proposed Action: 
 

As was established in prior reviews, the most commonly observed effects, and those for 
which the evidence is strongest, are transient decrements in pulmonary function and 
respiratory symptoms, such as coughing and pain on deep inspiration, as a result of short-
term exposures (ISA, section IS.4.3.1; 2013 ISA, p. 2-26).  These effects are 
demonstrated in the large, long-standing evidence base of controlled human exposure 
studies. 

 
There has been only one controlled exposure study conducted since the last review.  As part of the 
Multicenter Ozone Study in Older Subjects, Arjomandi et al. (2018) conducted a randomized crossover 
controlled exposure study of 87 healthy older adults (age 59.9 ± 4.5 years) to 0, 70, and 120 ppb ozone for 
three hours with intermittent exercise.  Spirometry, sputum markers of airway inflammation, and plasma 
club cell protein-16 were measured.  This study reported a difference between lung function after 
exposure to filtered air vs. 120 ppb ozone but no difference between lung function after exposure to 
filtered air vs. 70 ppb ozone.   
 
In the 2013 ISA (US EPA, 2013), US EPA reviewed controlled human exposure studies of ozone in 
healthy adults, focusing on four studies that assessed the association between ozone and lung function at 
exposures below 80 ppb (Adams, 2002, 2006; Schelegle et al., 2009; Kim et al., 2011).  US EPA (2013) 
also presented a cross-study analysis of controlled ozone exposures between 40 and 120 ppb and lung 
function (Folinsbee et al., 1988; Horstman et al., 1990; McDonnell et al., 1991, 2007; Adams, 2002, 
2003, 2006) with a smooth curve that represented a linear relationship between ozone and forced 
expiratory volume in 1 second (FEV1).  
 
Gradient discussed an evaluation of these data in comments on the 2019 draft ISA (Gradient, 2019, 
Section 3.1.1, Attached).  We estimated the group mean decrease in ΔFEV1 for a given ozone 
concentration and fit both linear and sigmoid models across the studies.  The linear model suggested a 
protective effect of ozone below ~50 ppb, which is biologically implausible.  However, the sigmoid 
model fit the data and indicated that there likely is a threshold.  This is consistent with biological data that 
support a threshold mode of action and is inconsistent with US EPA's use of a linear model. 
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Based on evidence presented in the 2013 ISA, the 2020 Ozone PA (US EPA 2020d) concluded that young 
adults experience statistically significant decreases in group mean pulmonary function after 6.6 hours of 
60 ppb ozone exposure with moderate exertion.  This conclusion is based on studies by Kim et al. (2011), 
Schelegle et al. (2009), and Adams (2006), as well as a re-analysis of Adams (2006) by Brown et al. 
(2008).  However, of the original studies, only the findings by Kim et al. (2011) were statistically 
significant, and there were only three people in this study with FEV1 decrements > 10% at 60 ppb. 
 
In the re-analysis of Adams (2006), Brown et al. (2008) reported a statistically significant decrement in 
FEV1 at a 60 ppb square-wave mean ozone concentration using a t-test applied to the 6.6-hour data.  This 
analysis excluded all other time points (i.e., 1, 2, 3, 4.6, and 5.6 hours) and did not account for other 
responses from different exposure scenarios (i.e., triangular mean 40, 60, and 80 ppb and square-wave 
80 ppb ozone).  Thus, this statistically significant finding can be attributed to the majority of the data 
being selectively omitted from the analysis. 
 
Discarding data is inappropriate, especially in light of more powerful and complex statistical models (e.g., 
mixed effect models) that can be employed (Goodman, 2011).  Such post hoc selection of a data subset 
when valid and otherwise non-problematic observations exist calls into question the rationale for such 
action.  The primary rationale for Brown et al. (2008) to remove data from other experimental conditions 
was apparently to avoid stringent reductions in the critical p-value for statistical significance due to 
multiple comparisons procedures.  These other data still exist, so leaving them out of the analysis does not 
eliminate the issue.  In addition, Nicolich (2007) conducted a reanalysis of the full dataset from Adams 
(2006); the findings were consistent with the findings of Adams (2006), confirming that there was no 
statistically significant decrement in group mean FEV1 measurements following 60 ppb ozone exposure. 
 
Finally, effects at 60 ppb are not clinically relevant.  The American Thoracic Society (ATS) stated that 
transient loss of lung function could be considered adverse if the loss is accompanied by respiratory 
symptoms (ATS, 2000).  More recently, ATS indicated that small changes in lung function without 
symptoms should only be considered adverse in individuals with pre-existing compromised function, such 
as asthma (Thurston et al., 2017).  The controlled human exposure studies focused on young, healthy 
adults; decrements in lung function were not accompanied by respiratory symptoms. 
 
3.1.2 Epidemiology Studies 

The Proposed Action states that epidemiology studies investigating ozone exposure and respiratory 
outcomes, such as asthma-related emergency department visits and hospitalizations, are less helpful in 
determining whether the current standard is protective of public health, citing issues with exposure 
assessment and copollutant adjustment.  However, the Proposed Action states that these same studies are 
important for making causal conclusions.  It is unclear why US EPA does not believe that issues that 
make these studies inadequate for judging the adequacy of the current standard should also make them 
inadequate for drawing causal conclusions. 
 
Gradient's comments on the 2013 ISA (Goodman and Sax, 2012, Section 4.1) and the draft ISA 
(Gradient, 2019, Section 3.1.7) discussed the issues of exposure measurement error and copollutant 
adjustment, as well as other issues with the epidemiology studies.  
 
For example, many of the studies cited as key evidence for short-term ozone exposure and respiratory 
endpoints estimated personal exposure based on data from central ambient monitoring sites.  The lack of 
agreement between ambient and personal exposures is a source of exposure measurement error and has 
been highlighted in previous CASAC reviews (US EPA, 2006) and other more recent studies (Avery et 
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al., 2010a,b).  Personal ozone exposures are often lower than ambient exposures and are rarely correlated 
with concentrations at ambient sites (US EPA, 2006).  
 
Also, many studies presented in the Ozone ISA did not analyze the role of copollutants in statistical 
models; consequently, it is unclear whether the reported adverse effects are attributable to ozone.  The 
Proposed Action acknowledges that there are few studies that evaluated the effects of copollutants, such 
as particulate matter (PM2.5) and nitrogen dioxide, and that this continues to be an area of uncertainty.  
However, considering that the Ozone ISA also concluded a likely-to-be-causal association for both short- 
and long-term PM2.5 and respiratory effects, it is not clear whether studies that did consider copollutants 
were deemed "higher quality" and given more weight than others in the evidence evaluation.  CASAC 
also provided examples where the Ozone ISA failed to accurately present study summaries and properly 
discuss issues with study quality (US EPA, 2020e).  
 
Similarly, the Ozone ISA appeared to downplay studies with null results.  In many instances, null results 
were discounted or assumed to be "positive" without a full consideration of study quality.  For example, 
the Ozone ISA mentioned the potential exposure measurement error in the study by Sarnat et al. (2015) 
but stated that the positive yet null findings were likely a result of "the short length of the time-series" 
(US EPA, 2020c) and did not consider that the association could be truly null.  Furthermore, an 
evaluation of the Ozone ISA's study review process suggested that studies with positive results were not 
subjected to the same level of scrutiny (Goodman and Sax, 2012; Gradient, 2019).  In its comments on the 
Ozone ISA, CASAC also commented that the Ozone ISA should provide balanced summaries for all 
study results, including positive, negative, and null results (US EPA, 2020e). 
 
As stated in Gradient's comments on the draft ISA (Gradient, 2019, Section 3.1.7), the evidence from 
epidemiology studies is inconsistent, and there are other study quality issues that were not adequately 
addressed (e.g., exposure measurement error, confounding by copollutants).  In addition, US EPA did not 
fully consider or appropriately weigh all of the relevant evidence. 
 
3.1.3 Animal Toxicity Studies 

The Administrator concluded that animal studies investigating respiratory effects related to ozone 
exposure are relevant for making causal determinations (US EPA, 2020a).  However, as acknowledged in 
the Proposed Action, ozone concentrations used in animal toxicity studies are generally orders of 
magnitude higher than the level of the current standard.  For example, three studies cited in the Ozone 
ISA reported statistically significant respiratory responses to ozone exposure in rodents with allergies 
compared to naïve rodents (i.e., rodents without allergies) exposed to 1,000 or 2,000 ppb ozone (Bao et 
al., 2013; Hansen et al., 2016; Schelegle and Walby, 2012).  Rodent studies reporting increased ozone-
induced susceptibility for respiratory infections also exposed mice to 2,000 ppb ozone (Durrani et al., 
2012; Mikerov et al., 2011).  Even ozone-induced effects in non-human primates, a more biologically 
relevant species than rodents, occurred only following episodic exposure to 500 ppb ozone.  These studies 
are inadequate for informing health effects in humans exposed to ambient concentrations of ozone.  Thus, 
it is unclear how these studies provide evidence that respiratory effects will occur at concentrations at or 
below the current standard.  
 
3.2 Long-term Exposures 

The Ozone ISA concluded that there was likely to be a causal relationship between long-term ozone 
exposure and respiratory effects, citing nonhuman infant primate toxicity and epidemiology studies as 
evidence.  
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Although the Ozone ISA acknowledged that recent epidemiology studies have issues with exposure 
measurement error due to the use of fixed-site air monitors and confounding by copollutants, as discussed 
in CASAC's comments (US EPA, 2020e), the Ozone ISA failed to provide "an accurate, unbiased, 
comprehensive critical summary and synthesis of the relevant scientific literature."  CASAC noted that, in 
general, epidemiology study summaries presented in the Ozone ISA did not include a proper discussion 
of study limitations – in particular, issues with confounding and interpretation of sensitivity analyses.    
 
As discussed in Gradient's comments on the draft ISA (Gradient, 2019, Section 3.2), the epidemiology 
studies cited as key evidence suffer from the same limitations as short-term ozone epidemiology studies.  
In addition, the studies that evaluated the effects of long-term ozone exposure in both rodents and infant 
rhesus monkeys primarily reported effects at concentrations ranging from 500 to 2,000 ppb, so these are 
not informative with respect to ambient exposures, particularly those below the current standard.  Thus, 
the evidence for long-term ozone exposure and respiratory effects does not support a likely causal 
determination.   
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4 Metabolic Effects (II.B.1) 

In 2013, US EPA evaluated metabolic effects in the context of a mode of action for cardiovascular effects 
(US EPA, 2013).  In the Ozone ISA (US EPA, 2020c), US EPA evaluated metabolic effects as an 
independent endpoint.  The Ozone ISA concluded that there is a likely-causal relationship with short-term 
ozone exposure and, in contrast to the draft ISA (which concluded a likely-causal association), a 
suggestive, but not sufficient-to-infer, causal relationship with long-term ozone exposure.  
 
In its comments on the draft ISA, CASAC disagreed with the Ozone ISA's new causal determinations, 
stating: 
 

For the short-term ozone effects on metabolic endpoints, the data do not justify the 
"likely" causal determination.  "Suggestive" appears to be a more appropriate 
designation.  For the causality designation for long-term ozone effects on metabolic 
endpoints, the evidence does not justify the "likely" determination.  (US EPA, 2020e) 

 
As discussed in detail in Gradient's comments on the draft ISA (Gradient, 2019, Section 4), we agree with 
CASAC that the evidence for metabolic effects does not support likely causal conclusions.  The draft ISA 
itself acknowledged that there is limited evidence from epidemiology and controlled human exposure 
studies, but it indicated that animal toxicity studies provide robust evidence of the impact of short-term 
ozone exposure on metabolic effects.  While key animal toxicity studies may support the effects of short-
term ozone exposure on glucose impairment at 500-1,000 ppb, the evidence for other metabolic endpoints 
is not consistent, and most studies only evaluated ozone exposure concentrations that are far higher than 
the current standard.  Also, animal toxicity and human epidemiology studies are limited regarding the 
effects of long-term ozone exposure on metabolic endpoints.  Finally, the metabolic effects category is 
broad; hence, assessing consistency and coherence is inherently more complex because it involves 
comparing studies that investigated diverse endpoints. such as glucose and insulin homeostasis, lipids, 
and obesity.  Overall, the evidence presented is inadequate to determine causation for ozone exposure and 
metabolic effects in humans at ambient concentrations. 
 
In assessing whether these studies are useful in determining relevant exposure concentrations that elicit 
metabolic effects, the Proposed Action acknowledges that animal toxicity studies and controlled human 
exposures studies alike use "appreciably" higher-than-ambient ozone concentrations.  The Proposed 
Action further states that, despite statistically significant findings, epidemiology studies conducted in 
Taiwan and South Korea investigating the associations between ozone and metabolic effects are not 
informative.  Specifically, the Proposed Action states that "[g]iven the potential for appreciable 
differences in air quality patterns between Taiwan and South Korea and the U.S., as well as differences in 
other factors that might affect exposure (e.g., activity patterns), those studies are of limited usefulness for 
informing our understanding of exposure concentrations and conditions eliciting such effects in the U.S." 
(US EPA, 2020a).  It is unclear how these studies provide evidence that metabolic effects can occur at 
concentrations at or below the current standard in the U.S. or support a likely causal determination.  
 
Overall, the evidence reviewed in the Ozone ISA and Proposed Action does not indicate that either short- 
or long-term ambient ozone exposure causes adverse effects on metabolic endpoints.  
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5 Other Health Effects (II.B.1) 

The Proposed Action states that the relationships for short-term ozone exposure and cardiovascular 
effects and total mortality are characterized as suggestive of, but not sufficient to infer, a causal 
relationship.  This is based largely on the following evidence: 
 

(1) A now-larger body of controlled human exposure studies providing evidence that is 
not consistent with a cardiovascular effect in response to short-term O3 [ozone] exposure; 
(2) a paucity of epidemiologic evidence indicating more severe cardiovascular morbidity 
endpoints (e.g., emergency department visits and hospital visits for cardiovascular 
endpoints including myocardial infarctions, heart failure or stroke) that could connect the 
evidence for impaired vascular and cardiac function from animal toxicological studies 
with the evidence from epidemiologic studies of cardiovascular mortality; and (3) the 
remaining uncertainties and limitations recognized in the 2013 ISA (e.g., lack of control 
for potential confounding by copollutants in epidemiologic studies) that still remain.  (US 
EPA, 2020a) 

 
Even though US EPA treats endpoints for which evidence is suggestive or inadequate in the same manner 
in its risk assessments, these reasons indicate that US EPA should not conclude that the evidence is 
suggestive of a causal relationship.  Rather, US EPA should conclude that the evidence remains 
inadequate to address causality, if not suggestive of a lack of an association.  This is because using the 
term "suggestive" implies that a causal association is more likely than not, when this is clearly not the 
case.   
 
As indicated in the Institute of Medicine (IOM) report, Improving the Presumptive Disability Decision-
making Process for Veterans (IOM, 2008), in situations when there are multiple but inconsistent high-
quality studies, the appropriate conclusion is that evidence is "below equipoise," a classification of the 
evidence as "inadequate" would also be appropriate.  The causality determinations for short-term ozone 
exposure and cardiovascular effects and total mortality should be reduced to "inadequate."      
 
Regarding other health endpoints, the Proposed Action states that the causal determinations have 
remained largely unchanged since the last review.  The Ozone ISA concluded that the evidence for other 
endpoints does not support causal or likely causal associations; but, just like the evidence for short-term 
ozone exposure and cardiovascular effects and total mortality, this evidence falls short of being 
suggestive.  In its comments on the Ozone ISA, CASAC (US EPA, 2020e) stated that the "[d]esignation 
of ozone effects on fertility and reproduction as 'suggestive of causality' is also not well supported by the 
available data" and that these determinations should be reevaluated.  
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6 At-Risk Populations 

The Proposed Action states that people with asthma and groups with high asthma prevalence rates, 
including older adults, children, and outdoor workers, are at increased risk for adverse respiratory effects 
from ozone exposure.  Children and outdoor workers are thought to be at increased risk due to the amount 
of time spent outdoors with higher exertion rates.  Similar to outdoor workers, children spend a majority 
of their time outdoors, particular during the warmer months.  However, evidence for older adults does not 
support a higher risk in this population (US EPA, 2020a).   
 
Older adults are identified as an at-risk population based on evidence from short-term ozone exposure and 
mortality studies that is now characterized by US EPA as suggestive of, but not sufficient to infer, a 
causal relationship (US EPA, 2020a).  Also, the few epidemiology studies that compared associations 
between age groups have not reported consistent evidence of increased risk of ozone-induced 
cardiovascular effects among older adults.   
 
Recently, Arjomandi et al. (2018) conducted a randomized crossover controlled exposure study of 87 
healthy older adults (age 59.9 ± 4.5 years).  Adults were exposed to 0, 70, and 120 ppb ozone for three 
hours with intermittent exercise.  The study reported a difference between lung function after exposure to 
filtered air vs. 120 ppb ozone but not 70 ppb; this suggests that older adults are not more susceptible to 
ozone at concentrations at or near the current ozone standard.   
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7 Exposure and Risk-based Considerations (II.B.2, 
II.B.3, II.C) 

The Proposed Action uses air monitoring data and the Comprehensive Air Quality Model with Extensions 
(CAMx) instrumented with the higher order decoupled direct method, in conjunction with US EPA's Air 
Pollutant Exposure model, to estimate percentages of the population in eight key study areas that will 
experience days with elevated ozone exposure at or above benchmark concentrations and decrements in 
lung function.  The Administrator states that there are improvements to the current exposure-and-risk 
analyses, including the following: 
 

(1) [A] more recent period (2015-2017) of ambient air monitoring data in which O3 
concentrations in the eight study areas are at or near the current standard; (2) the most 
recent CAMx model, with updates to the treatment of atmospheric chemistry and physics 
within the model; (3) a significantly expanded CHAD [Consolidated Human Activity 
Database], that now has nearly 180,000 diaries, with over 25,000 school aged children; 
(4) updated National Health and Nutrition Examination Survey data (2009-2014), which 
are the basis for the age- and sex-specific body weight distributions used to specify the 
individuals in the modeled populations; (5) updated algorithms used to estimate age- and 
sex-specific resting metabolic rate, a key input to estimating a simulated individual's 
activity-specific ventilation (or breathing) rate; (6) updates to the ventilation rate 
algorithm itself; and (7) an approach that better matches the simulated exposure estimates 
with the 6.6-hour duration of the controlled human exposure studies and with the study 
subject ventilation rates.  (US EPA, 2020a) 

 
Both the Ozone PA and Proposed Action indicated that the benchmark concentrations chosen (i.e., 60, 70, 
and 80 ppb) represent the concentrations associated with effects in controlled human exposure studies.  In 
addition, exposure analyses focused on populations breathing at an elevated rate.  Risk was characterized 
for children aged 5-18 years and adults with and without asthma; ultimately, children with asthma were 
chosen as the focus of the assessment.  
 
Use of the most sensitive population (children with asthma breathing at an elevated rate) is appropriate.  
In addition, the Proposed Action focuses primarily on the comparison-to-benchmarks analysis, in 
recognition of the relatively lower uncertainty associated with these results.  The lung function risk 
analysis provides estimates of the number of individuals in the study populations that could experience 
decrements in lung function.  This analysis uses two different approaches, and the uncertainties associated 
with these approaches makes the estimate less reliable.  For example, both approaches extrapolate beyond 
controlled human exposure study conditions, and uncertainty increases with decreasing exposure 
concentrations. 
 
Table 7.1 below compares the estimates derived in the current analyses with those from the 2014 "Health 
and Risk Exposure Assessment for Ozone" in the last review cycle (US EPA, 2014).  The results are 
presented with regard to each benchmark concentration – 80, 70, and 60 ppb – and air quality conditions 
just meeting the current standard.  In addition, the results presented are numbers and percentages of 
individuals in simulated populations estimated to experience one or more days with seven-hour average 
exposure at or above benchmark concentrations. 
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For each benchmark concentration shown in Table 7.1, estimated percentages of children in the current 
assessment are lower compared to the 2014 assessment.  In addition, fewer children are affected when 
looking at the results with a longer exposure duration (e.g., at least two days per year at or above the 
benchmark).  The highest percentage of children affected occurs at the benchmark concentration of 
60 ppb.  However, as stated in the Proposed Action, during the 2015 decision, the then-Administrator 
placed less weight on the 60 ppb concentration because she recognized that effects from controlled human 
exposure studies at 60 ppb were less severe than at higher concentrations.  Similarly, the current 
Administrator places less weight on the 60 ppb concentration, citing the less severe effects that occur 
even at a increased ventilation rate.  In addition, "[h]e notes the finding of statistically significant 
increased respiratory symptom scores with exposures targeted at an exposure concentration of 70 ppb 
(and averaging 73 ppb across the exposure period), and the lack of such finding for any lower exposure 
concentrations that have been studied" (US EPA, 2020a).  
 
Evidence from 6.6-hour controlled human exposure studies of primarily healthy adults does not support 
ozone-induced respiratory effects at concentrations below 70 ppb; effects at 60 ppb are neither 
statistically significant nor adverse.  Even so, using new methods and updated data to estimate exposure, 
the Proposed Action indicates that even fewer children are at risk for adverse health events than US EPA 
calculated in 2014 for every benchmark and air quality scenario.  This indicates an even larger margin of 
exposure than estimated in the prior NAAQS review cycle and further supports the adequacy of the 
current standard.   
 
Table 7.1  Comparison of the Percent of Children Estimated to Experience at Least One or Two Days 
with an Exposure At Or Above Benchmarks while at Moderate or Greater Exertion    

Air Quality Scenario  
(DV, ppb)  

Estimated Average % of Simulated 
Children with at Least One Day per Year 

At or Above Benchmark  
(highest in single season)  

Estimated Average % of Simulated 
Children with at Least Two Days per 

Year At or Above Benchmark  
(highest in single season)  

 Current PA 2014 HREAa Current PA 2014 HREAa 
Benchmark Exposure Concentration of 80 ppb  
75  <0.1-0.3 (0.6) 0-0.3 (1.1) 0 - <0.1 (<0.1) 0 (0.1) 
70  0 - <0.1 (0.1) 0-0.1 (0.2) 0 (0) 0 (0) 
65  0 - <0.1 (<0.1) 0 (0) 0 (0)  0 (0) 
Benchmark Exposure Concentration of 70 ppb  
75  1.1-2.0 (3.4) 0.6-3.3 (8.1) 0.1-0.3 (0.7) 0.1-0.6 (2.2) 
70  0.2-0.6 (0.9) 0.1-1.2 (3.2) <0.1 (0.1) 0-0.1 (0.4) 
65  0-0.2 (0.2) 0-0.2 (0.5) 0 - <0.1 (<0.1) 0 (0) 
Benchmark Exposure Concentration of 60 ppb  
75  6.6-15.7 (17.9) 9.5-17.0 (25.8) 1.7 -8.0 (9.9) 3.1-7.6 (14.4) 
70  3.2-8.2 (10.6) 3.3-10.2 (18.9) 0.6 -2.9 (4.3) 0.5-3.5 (9.2) 
65  0.4-2.3 (3.7)  0-4.2 (9.5) <0.1-0.3 (0.5) 0-0.8 (2.8) 

Notes: 
DV = Design Value; HREA = Health and Risk Exposure Assessment; PA = Policy Assessment; ppb = Parts Per Billion. 
The calculated percent is rounded to the nearest tenth decimal point using conventional rounding.  Values equal to zero are 
designated by "0" (there are no individuals exposed at that level).  Small, non-zero values that do not round upwards to 0.1 (i.e., 
<0.05) are given a value of "<0.1."  
(a)  US EPA, 2014. 
Based on Table 4 in the Proposed Action (US EPA, 2020a). 
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8 Conclusions 

The Administrator proposes that the current primary ozone NAAQS be retained (US EPA, 2020a).  This 
decision is supported by all but one CASAC member (US EPA, 2020b).  The Proposed Action indicates 
that the strongest scientific evidence regarding ozone and adverse health effects comes from studies of 
respiratory endpoints.  Furthermore, it finds that evidence from controlled human exposures studies 
suggests respiratory effects at concentrations as low as 60 ppb ozone, although, as discussed above, the 
Administrator noted less severe effects at 60 ppb.  We also note that the observed effects are not 
statistically significant at this concentration.   
 
Regardless, the Proposed Action evaluates risks of exposures to 60, 70, and 80 ppb in the most-sensitive 
population (i.e., children with asthma breathing at an elevated rate).  It finds that fewer children are likely 
to be impacted than estimated in the last NAAQS review cycle.  This indicates an even larger margin of 
exposure than estimated in the prior NAAQS review cycle and further supports the Proposed Action's 
conclusion that the current primary ozone NAAQS is adequate to protect public health.  
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Executive Summary 

The "Integrated Science Assessment for Ozone and Related Photochemical Oxidants External Review 
Draft" (hereafter, the draft Ozone ISA) is a comprehensive and critical evaluation of the body of scientific 
knowledge relevant to the review of the National Ambient Air Quality Standards (NAAQS) for ozone for 
the purpose of making key evidence-based judgments to inform policy and risk assessment (US EPA, 
2019a).  The draft Ozone ISA aims to assess whether new information further informs the relationship 
between exposure to ozone and specific health and welfare effects and provides new information as to 
whether the primary and secondary NAAQS for ozone are appropriate.  As discussed below, new scientific 
evidence does not support ozone health effects below the current primary standard.   
 
For short-term ozone exposure, the 2013 Ozone ISA concluded that there was a causal association between 
short-term ozone exposure and respiratory effects, and that there were likely to be causal relationships for 
total mortality and cardiovascular effects (US EPA, 2013).  For long-term ozone exposure, the 2013 Ozone 
ISA concluded that evidence indicated that there was likely to be a causal relationship for respiratory effects 
and that evidence was suggestive of causal relationships for total mortality and cardiovascular, 
reproductive, and central nervous system effects.  Only a few causal determinations changed from the 2013 
Ozone ISA.  Metabolic effects were evaluated in the context of a mode of action for cardiovascular effects 
in 2013, but the 2019 draft Ozone ISA concludes a likely causal relationship for both short- and long-term 
ozone exposure.  Furthermore, the draft Ozone ISA downgraded the causal conclusions between short-term 
ozone exposure and cardiovascular effects and total mortality from likely to be causal to suggestive of, but 
not sufficient to infer, a causal relationship.   
 
The draft Ozone ISA includes new details on the literature search and study selection, including links to 
view a database of the studies included in the draft Ozone ISA and some brief information on study quality.  
In addition, biological plausibility assessments play a larger role than they have in the past.  However, 
several issues still remain.  Study quality information is limited and presented in an unclear manner on the 
online database, and in the draft Ozone ISA, study quality is not fully or consistently considered.  
Furthermore, while the draft Ozone ISA emphasizes biological plausibility for each health outcome with 
regard to ozone exposure, the evidence presented does not demonstrate a complete pathway from exposure 
to downstream health endpoints.  Overall, the NAAQS systematic review and causal determination 
framework should be updated to allow for conclusions that are reflective of the weight of scientific 
evidence, and this framework should be followed and described in a transparent manner in the ISA. 
 
The evidence for respiratory effects does not support the conclusion of the United States Environmental 
Protection Agency (EPA) that there is a causal relationship between short- or long-term ozone exposure 
and respiratory morbidity and mortality at relevant concentrations.  The controlled human exposure studies 
indicate that there are no statistically significant adverse respiratory effects associated with ozone exposures 
below 70 ppb.  Effects reported at 60 ppb are also not adverse.  In addition, the 2013 Ozone ISA did not 
properly consider key limitations in the epidemiology evidence, and new studies have the same critical 
issues of that impact the validity of the results.  Furthermore, key toxicity studies on which EPA relied to 
support the epidemiology data were conducted at very high exposure levels that are not relevant for 
assessing health effects of ambient ozone.  
 
The evidence for metabolic effects does not support EPA's conclusion that there is a likely causal 
relationship between for short- and long-term ozone exposure at relevant concentrations.  The draft Ozone 
ISA acknowledges that there is limited evidence from epidemiology and controlled human exposure studies 
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but indicates that animal toxicity studies provide robust evidence of the effects of short-term ozone on 
metabolic effects.  While key animal toxicity studies support the effects of short-term ozone on glucose 
impairment at 500-1,000 ppb, the evidence for other metabolic endpoints is not consistent, and many studies 
only evaluate ozone exposure concentrations that are higher than the ambient levels.  Also, animal toxicity 
and human epidemiology studies are limited regarding long-term effects of ozone on metabolic endpoints.  
Overall, the evidence presented is inadequate to assess causation between ozone and metabolic effects in 
humans.  
 
As indicated in the draft Ozone ISA, evidence for short-term ozone exposure and cardiovascular effects 
and total mortality certainly does not support a likely causal relationship.  However, it also is not suggestive 
of a causal relationship, but rather it is inadequate to address causality, if not suggestive of a lack of 
association.  Finally, we concur with the draft Ozone ISA that evidence for other endpoints does not support 
causal or likely causal associations; however, like the evidence for short-term ozone exposure and 
cardiovascular effects and total mortality, this evidence falls short of suggestive. 
 
In conclusion, the draft Ozone ISA has adopted several important aspects of systematic review that have 
been absent in other ISAs.  However, it is still not fully transparent, and it does not adequately take study 
quality or relevance into consideration.  Taken together, the currently available science does not provide 
evidence that supports health effects at ozone concentrations below the current primary standard.   
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1 Introduction 

The United States Environmental Protection Agency (EPA) released the "Integrated Science Assessment 
for Ozone and Related Photochemical Oxidants (External Review Draft)" (draft Ozone ISA) on September 
26, 2019 (US EPA, 2019a).  Most causal determinations did not change from the 2013 Ozone ISA.  
Exceptions include metabolic effects; these were evaluated in the context of a mode of action for 
cardiovascular effects in 2013, but the 2019 draft Ozone ISA concludes a likely causal relationship for both 
short- and long-term exposure and metabolic effects.  The 2013 Ozone ISA concluded there was a likely 
causal relationship between short-term exposure and cardiovascular effects and total mortality, but these 
associations have been downgraded to suggestive. 
 
There have been several improvements in the ISA process, but several issues still remain, particularly with 
respect to the literature search and study selection, study quality evaluation, biological plausibility 
evaluation, evidence integration, and causal conclusions.  We briefly discuss these issues below.  This is 
followed by a discussion of the evidence for respiratory effects and metabolic effects; we show that 
evidence for short- and long-term ozone exposure, at ambient concentrations, fall short of causal and likely 
causal conclusions, respectively.  We then discuss evidence for short-term ozone exposure and 
cardiovascular effects and total mortality; while the evidence certainly does not support a likely causal 
relationship, we discuss how it is not suggestive, but rather inadequate.  Finally, we concur with the draft 
Ozone ISA that evidence for other endpoints does not support causal or likely causal associations; however, 
like the evidence for short-term ozone exposure and cardiovascular effects and total mortality, we also 
conclude this evidence falls short of suggestive. 
 
  



 
 
 

   2 
 
\\camfs\G_Drive\Projects\219186_API_Ozone_ISA\TextProc\r120219k.docx 

2 There have been some improvements in the ISA 
process, but many issues remain. 

There have been several improvements in the ISA process, but several issues remain, particularly with 
respect to the procedures for the literature search and study selection, study quality evaluation, biological 
plausibility evaluation, evidence integration, and causal conclusions.  More specifically, there are 
inconsistencies in the selection and review of evidence, and the reliance on toxicity studies that evaluate 
high ozone concentrations.  The ISA process could be improved by adding transparent criteria for assessing 
study quality in the systematic review and causal framework, as well as detailed methods for integrating 
evidence in a way that fully and systematically considers individual study quality and relevance and 
considers the coherence of results across studies within and across scientific disciplines (see example in 
Appendix A).       
 
2.1 Literature search and study selection is improved (IS1.2.1, 10.2, 10.3). 

For the first time, this draft Ozone ISA includes details on the literature search and study selection.  The 
draft Ozone ISA has a literature flow diagram (Figure 10-2) that describes the literature search process and 
the number of studies included in each section of the draft Ozone ISA.  The final list of studies can be 
downloaded from the Health Assessment Workplace Collaborative (HAWC) database (US EPA, 2019b), 
and it is clear how to determine which studies are in which section of the draft Ozone ISA.  In addition, the 
full set of literature search results (49,561 records) can be found on the Health & Environmental Research 
Online (HERO) database (US EPA, 2019c).  However, there does not appear to be an option to only select 
excluded studies or to ascertain reasons for exclusion.  This feature is important for transparency. 
 
The draft Ozone ISA also describes how EPA used the Population, Exposure, Comparison, Outcome, and 
Study design (PECOS) tool to help identify literature relevant to the ISA.  Essentially, PECOS is used to 
explicitly define parameters for every realm of evidence and health outcome to help ensure the review 
includes all relevant studies and excludes ones that are not relevant.  This is an improvement over past 
ISAs.   
 
2.2 Study quality evaluation is not consistent or transparent (10.3.2). 

Similar to the most recent particulate matter (PM), nitrogen oxide (NOx), and sulfur oxide (SOx) ISAs, the 
draft Ozone ISA has very detailed tables regarding aspects of study quality that should be considered for 
various study designs that are specific to ozone (US EPA, 2018, 2016, 2017).  There are two paragraphs of 
text and a set of tables in Annexes to Appendices 3 to 7 for respiratory, cardiovascular, metabolic effects, 
mortality, and other outcomes, respectively.  It appears that the same text and tables are cut and pasted in 
each Annex.  There is no discussion of in vitro  studies.  The text also seems to be the same as that found 
in the draft PM ISA (US EPA, 2018).   

The quality of 150 epidemiology and toxicity studies is documented on the HAWC database (US EPA, 
2019b) for only a small subset of studies deemed as policy relevant by the draft Ozone ISA.  Policy-relevant 
studies are defined as health studies for which there was a causal or likely to be causal relationship, or for 
which the causality determination changed from that made in the 2013 Ozone ISA.  The quality of every 
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study in the draft Ozone ISA should have been evaluated.  Also, while detailed study quality information 
is provided, including short descriptions of strengths and weaknesses, it is done in a narrative form, so it is 
not clear whether it is done in a consistent manner across studies.  There is also no place where evidence 
quality across studies was evaluated.  More importantly, much of this study quality information is 
overlooked in the draft Ozone ISA, when instead it should play a key role when evaluating individual 
studies and when integrating evidence across studies and across disciplines.    
 
2.3 Biological plausibility evaluations overstate certainty (IS.4.2, 3.1.3, 3.2.3, 

5.1.2, 5.2.2). 

It is encouraging that biological plausibility assessments play a major role in the draft Ozone ISA.  For each 
health endpoint, a schematic of potential biological pathways is presented in a figure and discussed in text.  
However, a major issue is that a good portion of these biological pathways are hypothesized; the evidence 
is not sufficient to determine whether they are plausible in humans exposed to ambient ozone.  In other 
cases, ozone has been shown to cause upstream effects within a pathway, and downstream effects are 
assumed.  There also is no systematic discussion of the quality of studies that support pathways and, 
importantly, although the draft Ozone ISA notes in several places that animal studies use very high doses, 
that does not seem to have a modifying impact on conclusions regarding biological plausibility.  Different 
mechanisms may be involved at higher ozone doses, and these should not be reflected in the pathways 
outlined in the biological plausibility figures in the draft Ozone ISA.  Overall, the draft Ozone ISA's 
evaluations are inadequate to assess biological plausibility at ambient ozone concentrations. 
 
2.4 Evidence integration could be improved (IS.1.2.4). 

The draft Ozone ISA focuses on key studies when integrating evidence, but does not consistently discuss 
the quality of these studies or whether they are consistent or coherent with other evidence.  It also does not 
fully consider the exposure concentration used in several of these studies and how that impacts the 
extrapolation of results to humans exposed at ambient levels of ozone.  A strong evaluation of study quality, 
subsequent consistent reliance on high quality work, and increased transparency are necessary 
improvements that would create confidence in the draft Ozone ISA's assessment of the health evidence.  A 
good example of a critical evaluation of study quality can be seen in Zu et al. (2018). 
 
2.5 Causal determinations should be based on a four-level framework 

(IS.1.2.4). 

As discussed extensively in Gradient's comments on the "Integrated Review Plan for the Review of the 
Ozone National Ambient Air Quality Standards, External Review Draft" (Gradient, 2018), the causal 
determination framework should be updated to only include four categories for the levels of evidence for 
causation (causal, suggestive, inadequate, not causal) instead of five categories currently used (causal, 
likely, suggestive, inadequate, not causal).  EPA uses a four-level framework (adequate, suggestive, and 
inadequate evidence or evidence of no effect) to evaluate "at-risk populations," but provides no justification 
for not using a similar four-level framework for causation. 
 
2.6 Recommendations for Systematically Evaluating and Integrating Evidence 

The causal framework could be improved by adding transparent criteria for assessing study quality, as well 
as detailed methods for integrating evidence in a way that fully and systematically considers individual 
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study quality and relevance, and considers the coherence of results across studies within and across 
scientific disciplines.  For example, the framework should include not just a list of study quality aspects for 
evaluating human and animal studies, but also aspects for evaluating in vitro studies.  In addition, for all 
realms of evidence, the framework should specify the criteria for each study quality aspect that must be met 
to demonstrate that a study is of high quality.  An example of how these frameworks could be applied is 
shown in Appendix A.  These aspects should be considered in a transparent and systematic fashion for each 
individual study, with the quality evaluations forming the basis for weighing evidence as it is integrated 
within and across disciplines, and ultimately for reaching conclusions regarding causality.  The human 
relevance of experimental evidence should also be considered, particularly with respect to studies that 
evaluate upstream events vs. apical effects, as well as how informative these studies are for interpreting the 
results of epidemiology studies.  These additions to the NAAQS systematic review and causal determination 
framework will make NAAQS causality assessments more transparent and reflective of the weight of 
scientific evidence and will allow for scientifically defensible decision-making. 
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3 The evidence does not support a causal classification 
for respiratory effects. 

3.1 Short-term exposure evidence does not support a causal determination. 

The 2013 Ozone ISA concluded there was a causal relationship between short-term ozone exposure and 
respiratory health effects.  The 2013 Ozone ISA claimed studies reported statistically significant decreases 
in group mean pulmonary function in healthy young adults after 6.6 hours of 60 ppb ozone exposure with 
moderate exertion and that controlled human exposure and animal studies reported increases in respiratory 
symptoms, lung inflammation, airway permeability, and airway responsiveness.  It also cited epidemiology 
studies conducted in the US, Europe, and Canada that evaluated respiratory hospital admissions and 
emergency department (ED) visits, panel studies of respiratory symptoms in children with asthma, 
epidemiology studies of airway inflammation and oxidative stress in children with asthma, and 
epidemiology studies of respiratory mortality. 
 
The 2019 draft Ozone ISA (US EPA, 2019a) states: 
 

Evidence from recent controlled human exposure studies augment previously available 
studies. There are, however, no new 6.6-hour ozone exposure studies since the 2013 Ozone 
ISA. Evidence in the 2013 Ozone ISA demonstrated increases in FEV1 decrements, 
respiratory symptoms, and inflammation following ozone exposures of 6.6 hours, with 
exercise, as low as 60 to 70 ppb (Section 3.1.4). Evidence from recent epidemiologic 
studies of short-term ozone exposure and hospital admission or emergency department 
visits observed associations at concentrations as low as 31 ppb. Controlled human exposure 
studies also provide consistent evidence of ozone-induced increases in airway 
responsiveness (Section 3.1.4.3 and Section 3.1.5.5) and inflammation in the respiratory 
tract (Section 3.1.4.4 and Section 3.1.5.6). Recent animal toxicological studies are 
consistent with evidence summarized in the 2013 Ozone ISA (U.S. EPA, 2013b); these 
studies support the evidence observed in healthy humans.  

 
Below, we describe how new studies do not strengthen the evidence reviewed in the 2013 Ozone ISA and 
discuss how EPA fails to consider two important concepts of the exposure-response relationship.  First, 
EPA does not adequately consider thresholds in its evaluation of the scientific evidence.  Thresholds are 
observed in controlled human exposure studies and are supported by current understanding of ozone's mode 
of action.  
 
Second, it is unclear whether the subjects' physical state (i.e., exercise vs. rest) is considered in the draft 
Ozone ISA review.  Physical activity increases both the ventilation rate and the distribution of ozone in the 
lung, which in turn increases the dose and the depth in the lung of inhaled ozone relative to an individual 
at rest (McCant et al., 2017).  Thus, as discussed in McCant et al. (2017), there was a misconception 
amongst researchers as a result of findings from Hatch et al. (1994).  Many researchers incorrectly believe 
that, due to interspecies differences, rats must be exposed to ozone concentrations that are 3-5 times greater 
than human doses.  In fact, the physical state (i.e., resting vs. exercising) matters for ozone toxicity.  As a 
result, animal studies do not reflect relevant exposure scenarios for humans at ambient ozone 
concentrations. 
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This concept plays an important role when interpreting results from human studies investigating ozone 
toxicity.  In several key controlled human exposure studies discussed throughout the draft Ozone ISA, 
human volunteers are often performing some level of exercise, and this may limit the generalizability of 
the results.  In two controlled human exposure studies, the researchers noted that the commonly employed 
exercise regimen in these studies simulates heavy manual labor performed by outdoor workers (Goodman 
et al., 2015a).  As a result, this exposure scenario does not apply to the general population or people who 
spend a majority of their days indoors, where ozone levels are lower than that in controlled human exposure 
studies (McClellan et al., 2009).  Furthermore, sensitive populations such as asthmatics will likely be unable 
to achieve the same level of ventilation rate that is required, so it is unclear how changes in respiratory 
health as a result of ozone exposure in these studies apply to sensitive populations.  
 
3.1.1 There are no statistically significant adverse lung function effects associated with ozone 

below 70 ppb. 

The draft Ozone ISA states (US EPA, 2019a): 
 

Controlled human exposure studies of young, healthy adults demonstrate ozone-induced 
decreases in FEV1 at concentrations as low as 60 ppb and the combination of FEV1 
decrements and respiratory symptoms at ozone concentrations 70 ppb or greater following 
6.6-h exposures while exercising. Studies show interindividual variability with some 
individuals being intrinsically more responsive. Results from recent epidemiologic studies 
are consistent with evidence from the 2013 Ozone ISA of an association with lung function 
decrements as low as 33 ppb (mean 8-h avg ozone concentrations (7:50 a.m.−5:50 p.m.).  

 
In the 2013 Ozone ISA, EPA reviewed controlled exposure studies of ozone in healthy adults, focusing on 
four studies that assessed the association between ozone and lung function at exposures below 80 ppb 
(Adams, 2002, 2006; Schelegle et al., 2009; Kim et al., 2011).  Together, these studies indicate there is 
nonlinear relationship between ozone and lung function; this is consistent with biological data that support 
a threshold mechanism of action.  Effects at 60 ppb are also not adverse, nor do they occur statistically 
more often than do those associated with filtered air (FA) exposures.  These issues are summarized below. 
 

3.1.1.1 There are no lung function effects at 60 ppb. 

EPA presented a cross-study analysis of controlled ozone exposures between 40 and 120 ppb and lung 
function in the 2013 Ozone ISA (Adams, 2002, 2003 2006; Folinsbee et al., 1988; Horstman et al., 1990 ; 
McDonnell et al., 1991, 2007).  In this figure, EPA incorporated a smooth curve that represented a linear 
relationship between ozone and forced expiratory volume in one second (FEV1), but it did not include the 
95% confidence intervals (CIs) around each point. 
 
We compiled the same dataset that EPA used in its evaluations and calculated the group mean decrease in 
ΔFEV1 from available data for a given ozone concentration and corresponding FA controls.  We also 
estimated, where possible, the standard deviation of the group mean decrease in ΔFEV1.  We fit two 
different models (linear and sigmoid) to the group mean decrease in ΔFEV1 from across the studies.  Table 
3.1, below, shows the predictions of group mean decrease in ΔFEV1 (%) at various ozone concentrations, 
based on the two models. 
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Table 3.1  Predictions of Group Mean Decreases in ∆FEV1  
O3 Concentration 

(ppb) 
Predicted Group Mean Decrease in ∆ FEV1 (%)  

Linear Model Sigmoid Model 
0 -8.05 0.07 

20 -4.25 0.24 
40 -0.45 0.84 
60 3.35 2.71 
80 7.15 6.84 

120 14.75 14.55 
140 18.55 15.58 

Notes: 
∆FEV1 = Forced Expiratory Volume in 1 second; O3 = Ozone. 

 
The linear model suggests there is a protective effect of ozone at concentrations below ~50 ppb, which is 
biologically implausible.  The sigmoid model fits the data and indicates there is likely a threshold.  This 
model predicts a group mean decrement in ΔFEV1 at 60 ppb ozone of 2.71%, with the lower 95% confidence 
band even lower.  Such a small decrement is within the intraday variability of FEV1 in normal subjects and 
does not meet established criteria for a clinically adverse effect on lung function. 
 
Regarding EPA's conclusion that there is a smooth dose-response curve at exposures between 40 and 120 
ppb, the fact that a statistical curve can be fit to the data does not itself provide evidence that another model 
is not more appropriate.  Information regarding the mode of action of an agent should inform the statistical 
curves that fit the data.  One should not choose one curve when the mode of action clearly indicates another.  
There is evidence suggesting that antioxidant defenses against ozone indicate a threshold mode of action 
for effects on lung function (Schelegle et al., 2007).   
 
We also note that EPA's conclusion that 60 ppb ozone can cause lung function decrements is based on the 
studies by Kim et al. (2011), Schelegle et al. (2009), and Adams (2006), as well as a re-analysis of Adams 
(2006) by Brown (2008).  The group mean change in FEV1 at 60 ppb, however, was only statistically 
significant in the study by Kim et al. (2011).   
 
In his re-analysis of Adams (2006), Brown (2008) reported a statistically significant decrement in FEV1 at 
a 60 ppb square-wave mean ozone concentration using a t-test applied to the 6.6 hour data.  This analysis 
excluded all other time points (i.e., 1, 2, 3, 4.6, and 5.6 hours) and did not account for other responses from 
different exposure scenarios (i.e., triangular mean 40, 60, and 80 ppb and square-wave 80 ppb ozone).  
Thus, this statistically significant finding can be attributed to the majority of the data being selectively 
omitted from the analysis. 
 
Discarding data is inappropriate, especially in light of more powerful and complex statistical models (e.g., 
mixed effect models) that can be employed (Gradient, 2011).  Such post hoc selection of a data subset when 
valid and otherwise non-problematic observations exist calls into question the rationale for such action.  
The primary rationale for Brown (2008) to remove data from other experimental conditions was apparently 
to avoid stringent reductions in the critical p-value for statistical significance due to multiple comparisons 
procedures.  These other data still exist, so leaving them out of the analysis does not eliminate the issue.   
 
Nicolich conducted an analysis of the full dataset from Adams (2006) using a mixed model analysis of 
variance and Dunnett's post hoc test instead of the Scheffe test (Nicolich, 2007).  This reanalysis, using a 
technique that is less likely to produce false negatives, was consistent with the original finding by Adams 
(2006), confirming that there was no statistically significant decrement in group mean FEV1 after exposure 
to 60 ppb ozone versus FA after 6.6 hours of exercise.  Lefohn et al. (2010) reanalyzed five controlled 
ozone exposure studies, including those by Adams (2006) and Schelegle et al. (2009), and did not find any 
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statistically significant changes in FEV1 at any measurement time associated with 40 ppb and 60 ppb 
exposures.   
 
The 2013 Ozone ISA gave no scientifically acceptable justification for relying on the Brown (2008) 
statistical analyses over the original analyses conducted by the authors, or those of Nicolich (2007), or 
Lefohn et al. (2010).  While each statistical method has strengths and limitations, several scientifically 
accepted statistical methods indicate that there is no association between exposure to 60 ppb ozone and 
lung function decrements.  EPA should give greater weight to analyses using methods and approaches that 
incorporate all of the exposure concentrations and time points.   
 

3.1.1.2 Effects at 60 ppb are not adverse. 

Section 109 of the Clean Air Act directs the EPA Administrator to set and revise a primary National 
Ambient Air Quality Standard (NAAQS) "to protect against adverse health effects" of criteria pollutants.  
EPA did not, however, fully consider the criteria for determining the adversity of health effects associated 
with controlled ozone exposures.  
 
There is no indication that the reported FEV1 decrements at 60 ppb in the controlled human exposure studies 
are adverse.  Regarding what constitutes an adverse effect on pulmonary function, the American Thoracic 
Society (ATS) stated: 
 

The committee recommends that a small, transient loss of lung function, by itself should 
not automatically be designated as adverse.  In drawing the distinction between adverse 
and nonadverse reversible effects, this committee recommended that reversible loss of lung 
function in combination with the presence of symptoms should be considered adverse.  
(ATS, 2000) 

 
Average FEV1 decrements reported at 60 ppb ranged from 1.7 to 3.5% and were not accompanied by an 
increase in respiratory symptoms.  The 2013 Ozone ISA noted that changes in FEV1 measurement should 
exceed 5% to overcome the intraday variability of FEV1 in normal subjects (Pellegrino et al., 2005,), and 
yet it considers the 1.7 to 3.5% decrements as an indication of an adverse effect on lung function from 
ozone.  It should also be noted that the decrements observed in the controlled exposure studies were 
transient, reversible, and of low severity, did not interfere with normal activity, and would not result in 
permanent respiratory injury or progressive respiratory dysfunction (Goodman et al., 2010).  Although 
some individuals had larger decrements, these cannot be attributed to ozone because the lung function 
effects at 60 ppb ozone in controlled exposure studies are within the range of intraindividual variability in 
normal subjects and are not considered adverse with respect to broadly recognized clinical guidelines (e.g., 
ATS and the European Respiratory Society).  The lowest ozone concentration associated with both an FEV1 
decrement >10% and increased respiratory symptoms, which is considered an adverse effect based on 
clinical guidelines, is 88 ppb (as reported in the study by Schelegle et al., 2009).  This is supported by the 
more recent study by Arjomandi et al. (2018). 
 

3.1.1.3 Other analyses of controlled human exposure studies support a 
threshold. 

Two analyses incorporated an extended database of controlled human exposure studies to derive 
concentration-response functions (CRFs) for lung function effects from ozone exposure (Schelegle et al., 
2012; McDonnell et al., 2012).  Schelegle et al. (2012) developed a two-compartment exposure-response 
model with three coefficients for the kinetics of ozone-induced FEV1 impairment based on data from 220 
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subjects who participated in 14 controlled human exposure studies, including those by Schelegle et al. 
(2009).  The first compartment represented the dose of onset, and the second compartment modeled a fixed 
volume with a constant elimination rate of the bioactive substance.  The third parameter in the model was 
a proportionality or responsiveness coefficient.  The model's ability to predict group mean responses was 
validated in two ways:  each study/protocol was systematically eliminated from the model fit, and observed 
and predicted FEV1 decrements were compared; predicted model values from the original 220 subjects were 
compared with data from eight additional studies.   
 
Schelegle et al. (2012) reported that the model described an increasing variability in FEV1 decrements as a 
skewed response with increasing exposure, which is generally consistent with observed data.  This skewed 
response likely occurred because of the variability of the cumulative dose needed to cause a response, which 
the authors determined was an individual characteristic independent of the magnitude of ozone-induced 
response and changing ozone concentrations.  Once an individual's minimum cumulative threshold dose is 
reached, individual elimination rates and responsiveness coefficients determine the FEV1 decrement.  This 
exposure-response model, which incorporates age and baseline FEV1 decrements, not only predicted 
observed group mean FEV1 decrements reliably but also reproduced the frequency distribution of responses 
observed in the controlled human exposure literature.  
 
McDonnell et al. (2012) presented a refinement to a previous model the authors developed (McDonnell, et 
al., 2010), incorporating an expanded dataset (including both Kim et al. [2011] and Schelegle et al. [2009]) 
and providing further validation of the model.  The authors also included a nonlinear model that 
incorporated a threshold ozone concentration below which no effects have been observed.  In their threshold 
model, the authors defined the threshold as 59 parts per million (ppm)-liters of inhaled air (accumulated 
ozone dose), thus accounting for both the level of exercise and the ozone concentration.  The authors 
predicted that exposures to the following would not reach the threshold:  0.06 and 0.08 ppm (60 to 80 ppb) 
during near-continuous exercise for one hour, 0.04 ppm (40 ppb) for two hours of near-continuous exercise, 
0.18 and 0.24 ppm (180 to 240 ppb) for one hour at rest, and 0.12 ppm (120 ppb) ozone for two hours.  The 
authors found that the threshold model fit the observed data better than the original (i.e., no-threshold) 
model, especially at earlier time points and at the lowest exposure levels.  McDonnell et al. (2012) 
concluded that the threshold model would likely provide better estimates of risk for populations exposed to 
low ozone levels.  They also reported a better fit for models that incorporated body mass index, a potential 
confounder. 
 

3.1.1.4 Arjomandi et al. (2018) does not support effects at 70 ppb. 

As part of the Multicenter Ozone Study in Older Subjects (MOSES), Arjomandi et al. (2018) conducted a 
randomized crossover controlled exposure study of 87 healthy older adults (age 59.9 ± 4.5 years) to 0, 70, 
and 120 ppb ozone for three hours with intermittent exercise.  Spirometry, sputum markers of airway 
inflammation, and plasma club cell protein-16 (CC16) were measured.  The authors reported: 
 

The mean (95% confidence interval) FEV1 and FVC increased from preexposure values by 
2.7% (2.0–3.4) and 2.1% (1.3–2.9), respectively, 15 minutes after exposure to filtered air 
(0 ppb). Exposure to ozone reduced these increases in a concentration-dependent manner. 
After 120-ppb exposure, FEV1 and FVC decreased by 1.7% (1.1–2.3) and 0.8% (0.3–1.3), 
respectively. A similar concentration dependent pattern was still discernible 22 hours after 
exposure. At 4 hours after exposure, plasma CC16 increased from preexposure levels in an 
ozone concentration–dependent manner. Sputum neutrophils obtained 22 hours after 
exposure showed a marginally significant increase in a concentration dependent manner (P 
= 0.012), but proinflammatory cytokines (IL-6, IL-8, and tumor necrosis factor-α) were 
not significantly affected.  (Arjomandi et al. 2018) 
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In fact, this study shows a difference between lung function after exposure to filtered air vs. 120 ppb ozone, 
but no difference between lung function after exposure to filtered air vs. 70 ppb ozone.  The statistical test 
used to compare all three groups was a Type III sum of squares p value.  This does not test dose-response; 
rather, it tests whether there is any significant difference among the three dose groups (0, 70, 120 ppb).  A 
statistically significant result only indicates that results for all three exposure doses are not the same.  This 
is clearly driven by the 120 ppb dose.  Furthermore, even if there were a statistical difference, as discussed 
in Section 3.1.1.4 below, there is no indication that this same difference in lung function is clinically 
relevant.  As demonstrated in Figure 3.1 below (Figure 2 from Arjomandi et al., 2018), there is an 
improvement in FEV1 from pre-test baseline except for the 120 ppb 22-hour measurement. 
 

 
Figure 3.1  Ozone-induced Changes in Forced Expiratory Volume in One Second (FEV1) and Forced Vital 
Capacity (FVC).  Source:  Figure 2 from Arjomandi et al. (2018). 
 

3.1.1.5 Conclusion 

The controlled exposure studies indicate that there are no statistically significant adverse effects associated 
with ozone below 70 ppb, and this is consistent with biological data that support a threshold mechanism of 
action.  Effects at 60 ppb are not adverse, nor do they occur statistically more often than do those associated 
with FA exposures.   
 
3.1.2 Airway responsiveness is not impacted below 80 ppb. 

3.1.2.1 Controlled human exposure studies do not show airway responsiveness 
below 80 ppb. 

As stated in the draft Ozone ISA, no controlled human exposure studies provide evidence for effects on 
airway responsiveness below 80 ppb.  
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3.1.2.2 Animal toxicity studies are not informative regarding ambient exposures. 

In studies that investigated the effects of ozone in animals with asthma or airway hyperresponsiveness 
(AHR), the asthmatic phenotype is modeled by allergic sensitization of the respiratory tract.  The majority 
of animal studies used elevated ozone concentrations that do not reflect human exposures to ambient ozone.  
There are only a limited number of studies that have observed airway hyperresponsiveness in rodents and 
guinea pigs at less than 300 ppb.  Depuydt et al. (1999) reported that after exposure to 50 ppb ozone for 
four hours, two (BDII and Long-Evans) of the nine strains of rats tested experienced airway 
hyperresponsiveness as measured by inflammatory cells and markers in bronchioalveolar lavage fluid 
(BALF).  This concentration is lower than that in any other studies that reported AHR and more relevant to 
ozone standards; however, there is uncertainty regarding the validity and applicability of the findings to 
humans.  The study lacked a proper control group; more recent studies use a control group exposed to 
filtered air instead of "room air," as used in Depuydt et al. (1999).  Furthermore, EPA concluded that the 
concentration used "warrants verification in other species," and the authors acknowledged that "the 
biological effects that are observed in these different rat strains may not be easily extrapolated to humans" 
(Depuydt et al., 1999).   
 
More recent studies comparing ovalbumin-sensitized rodents to nonsensitized rodents showed that 
responses occurred in sensitized animals at levels of 120 ppb (Chhabra et al., 2010) and 100 to 250 ppb 
(Larsen et al., 2010).  The endpoints indicating AHR included lipid peroxidation, superoxide anion 
generation in the bronchial lavage cells, red cell superoxide dismutase and glutathione peroxidase, and 
goblet-cell metaplasia.  It is unclear from these studies whether these biomarkers were clinically significant 
or whether they were transient and reversible effects.  Other studies discussed in the 2013 Ozone ISA 
included Funabashi et al. (2004; US EPA, 2013), who demonstrated changes in pulmonary function 
(increased respiratory resistance and decreased dynamic compliance) in mice exposed to 1,000 ppb ozone, 
and Wagner et al. (2007) , who reported enhanced inflammatory responses (such as intraepithelial 
mucosubstances, subepithelial eosinophils, and IL-6 production in BALF) in rats exposed to 1,000 ppb 
ozone in the mice sensitized to allergen.  Again, these concentrations were extremely high and not relevant 
to ambient exposures, and it was unclear if these effects were transient or clinically relevant. 
 
New animal toxicity studies discussed in the draft Ozone ISA also do not provide evidence of effects on 
lung function in humans at ambient exposures.  Many of the cited studies in the draft Ozone ISA report 
increased airway responsiveness at exposure concentrations as high as 2,000 ppb (e.g., Cho et al., 2018 ; 
Stober et al., 2017; Kasahara et al., 2015; US EPA, 2019a).  As noted by the draft Ozone ISA, the lowest 
ozone dose that increased airway responsiveness was 800 ppb.  Groves et al. (2012) analyzed chronic 
macrophage inflammation in wildtype C57Bl/6J mice and mice lacking surfactant protein-D (Stfpd) 
following exposure to 800 ppb ozone for three hours.  Acute ozone exposure resulted in airway 
responsiveness in mice lacking native Stfpd.  The draft Ozone ISA states that no studies reported increases 
in airway responsiveness following exposures to 250 and 500 ppb ozone (US EPA, 2019a, Section 3.1.4.3.1, 
p. 3-27).  This new evidence does not address potential effects at ambient concentrations of ozone. 
 
The species differences in airway morphology in rodents compared with humans also leads to uncertainty 
regarding the relevance of these rodent studies to humans.  In addition, although three other studies in more 
biologically relevant species (non-human primates; Schelegle et al., 2003; Joad et al., 2006; US EPA, 2013; 
Fanucchi et al., 2006) found that cyclic episodes of ozone exposure (at 500 ppb) produced alterations in 
airways that could lead to chronic airway disease and decreased lung function.  However, these results are 
not informative as to whether long-term, environmentally relevant exposures could cause similar changes.   
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3.1.3 There is no evidence that ambient ozone concentrations lead to pulmonary 
inflammation, injury, or oxidative stress. 

3.1.3.1 Controlled human exposure studies do not provide evidence for effects 
at ambient concentrations. 

The draft Ozone ISA states controlled human exposure studies reviewed in the 1996 and 2006 ozone air 
quality criteria documents establish a relationship between short-term ozone exposure and respiratory tract 
inflammation, injury, and oxidative stress.  Many studies focus on polymorphonuclear neutrophils (PMN) 
or BALF markers as evidence of increased inflammation and impaired lung function.  In the 2013 Ozone 
ISA, studies reported increased inflammation (i.e., increased sputum PMN) in young healthy adults 
following exposures to 60 ppb ozone.  
 
Three studies cited in the draft Ozone ISA used ozone concentrations ranging from 40 to 70 ppb (Table 3-
9, p. 3-126); however, it is unclear from the draft Ozone ISA whether ozone induced statistically significant 
and clinically relevant effects on inflammation at these exposure concentrations.  In addition, as discussed 
previously in Section 3.1.1.2 and 3.1.1.4 with regard to lung function, results from controlled human 
exposure studies do not indicate statistically significant adverse effects on lung function associated with 
ozone below 70 ppb, and the lung function effects reported at 60 ppb are not adverse or statistically 
significant. 
 

3.1.3.2 Animal toxicity studies do not provide evidence for effects at ambient 
concentrations. 

The draft Ozone ISA states that ozone-induced changes to pulmonary inflammation, injury, and oxidative 
stress occurred at concentrations as low as 300 ppb.  EPA highlighted several studies that reported increased 
inflammation at 300 ppb, and the evidence was fairly consistent across studies using different rodent strains 
(Mathews et al., 2015; Verhein et al., 2015; Cho et al., 2013; Kasahara et al., 2013,2012).  However, when 
considering all the animal toxicity evidence, there is a lack of consistency.  While several studies reported 
increased BALF markers following exposure to 300 ppb ozone for 72 hours (Mathews et al., 2015; Verhein 
et al., 2015; Cho et al., 2013; Kasahara et al., 2013, 2012), several other studies cited in the draft Ozone 
ISA report no changes in BALF at 250-500 ppb of ozone (Michaudel et al., 2018; Kodavanti et al., 2015; 
Kumarathasan et al., 2015; Kurhanewicz et al., 2014; McIntosh-Kastrinsky et al., 2013; Thomson et al., 
2013).  It is unclear how the draft Ozone ISA considered the entire of body of evidence in light of several 
studies reporting contradictory results.  Furthermore, several other key animal toxicity studies used high 
ozone concentrations (e.g., 800-2,000 ppb) that are not relevant to ambient concentrations. 
 
3.1.4 There are limited data on respiratory symptoms and medication use. 

The draft Ozone ISA relies on controlled human exposure studies from the 2013 Ozone ISA as evidence of 
ozone-induced increases in respiratory symptoms such as pain on deep inspiration, shortness of breath, and 
cough.  According to the draft Ozone ISA, there are no new studies that contradict the results of previous 
studies or provide stronger evidence.  However, as discussed previously in Section 3.1.1.2 and 3.1.1.4, 
controlled human exposure studies do not indicate statistically significant adverse effects associated with 
ozone below 70 ppb, and effects at 60 ppb are not adverse or statistically significant.  In addition, in general, 
these symptoms are subjective and not associated with lung function.  As the draft Ozone ISA indicates, 
there are only limited data regarding whether lung function responses depend on baseline lung function and 
medication use.   
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3.1.5 New evidence from experimental studies on lung host defenses is limited. 

EPA evaluated controlled human exposure studies investigating ozone effects on multiple components of 
lung host defenses.  These effects included the mucociliary escalator; the phagocytic, bactericidal, and 
regulatory role of alveolar macrophages; the adaptive immune system; and host responses to experimental 
pulmonary infections.  Since the 2013 Ozone ISA, there have been no new controlled human exposure 
studies investigating ozone-induced effects on lung host defenses. 
 
In the 2013 Ozone ISA, EPA reported increased susceptibility to challenge with infectious agents at 80-500 
ppb ozone from animal toxicity studies.  The draft Ozone ISA cites two recent studies reporting increased 
ozone-induced susceptibility for infections in mice.  In the Durrani et al. (2012) and Mikerov et al. (2011)  
studies, mice were exposed to 2,000 ppb of ozone for three hours.  Durrani et al. (2012) used 
gonadectomized mice to investigate the influence of sex hormones on ozone-induced oxidative stress and 
lung function.  Treatment with steroid hormones and ozone significantly decreases survival in both male 
and female mice.  This exposure is an order of magnitude higher than ambient ozone concentrations and is 
not informative regarding risks at these lower exposure concentrations. 
 
3.1.6 New evidence does not support allergy- and asthma-related responses to ozone. 

3.1.6.1 Animal toxicity studies do not provide evidence for respiratory effects at 
ambient concentrations. 

In the draft Ozone ISA, EPA evaluated evidence from studies investigating the effects of ozone on 
respiratory effects using animal models of allergic airway disease.  Three studies cited by the draft Ozone 
ISA reported statistically significant respiratory responses to ozone exposure in allergic rodents compared 
to naïve rodents (Bao et al., 2013; Hansen et al., 2016; Schelegle and Walby, 2012).  However, these 
findings do not provide evidence of ozone-induced health effects in people with asthma at relevant ambient 
concentrations of ozone, as rodents were dosed with 1,000 or 2,000 ppb of ozone.  These concentrations 
are orders of magnitude higher than ambient ozone concentrations. 
 

3.1.6.2 Recent controlled human exposure studies provide limited evidence of 
increased responses to ozone due to allergy or asthma. 

The 2013 Ozone ISA reviewed two studies that indicated that the severity of asthma increased the response 
to ozone (albeit at high concentrations) in patients using bronchodilators, medications that open the airways 
and allow patients to breath (Section 3.1.5.4.1, p. 3-45).  In a study by Horstman et al. (1995), volunteers 
were exposed to 160 ppb for 7.6 hours during light quasi-continuous exercise.  In a study conducted by 
Kreit et al. (1989), asthmatic volunteers experienced significantly greater reductions in FEV1 than 
nonasthmatics following exposure to 400 ppb ozone for two hours during heavy intermittent exercise.  
 
However, as acknowledged in the draft Ozone ISA, newer studies do not support increased responses to 
ozone with more severe asthma.  Two studies, Arjomandi et al. (2015) and Fry et al. (2012), found no 
difference in reported FEV1 based on the presence of asthma.  Another study lacked an appropriate control 
group of healthy, nonasthmatics and was thus uninformative (Bartoli et al., 2013).  In the final study cited 
in the draft Ozone ISA, Leroy et al. (2015) reported no significant association between ozone-induced 
reductions in lung function and people with asthma.  Overall, recent studies provide no evidence to validate 
the results presented from studies from the 2013 Ozone ISA.  
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3.1.7 Epidemiology studies are insufficient to provide evidence on short-term ozone 

exposure and respiratory effects. 

The draft Ozone ISA discusses epidemiology studies investigating the effects of short-term ozone exposure 
on multiple respiratory endpoints such as lung function, markers of pulmonary inflammation, injury, 
oxidative stress, hospital admissions, emergency department and physician visits, respiratory symptoms, 
and medication use.  Throughout the draft Ozone ISA, EPA references epidemiology evidence from the 
2013 Ozone ISA as evidence of ozone-induced effects.  In fact, the draft Ozone ISA states that "[e]vidence 
from epidemiologic studies of healthy populations is generally coherent with experimental evidence, 
although the majority of the evidence comes from panel studies that were previously evaluated in the 2013 
Ozone ISA (U.S. EPA, 2013a)" (US EPA, 2019a).  As discussed in previous Gradient comments, there are 
several key limitations of these previous studies, and newer studies presented in the draft Ozone ISA have 
similar issues (Goodman and Sax, 2012).  In fact, in the 2014 proposed rule, the EPA Administrator 
acknowledged the critical uncertainties and limitations of these studies that hinder the use of epidemiology 
data in the risk assessment (US EPA, 2014; Gradient, 2015).  
 
Below, we discuss some of the critical limitations of the human epidemiology studies investigating the 
effects of short-term ozone exposure on respiratory effects. 
 

3.1.7.1 Exposure measurement error due to central site monitoring is not 
adequately considered. 

Most human epidemiology studies use air pollution data collected from a central ambient air monitoring 
site; this is the case for the epidemiology studies cited as key evidence regarding short-term ozone exposure 
(Spektor et al., 1988; Salam et al., 2012; Winquist et al., 2012; Malig et al., 2016 219-11187 ; Lewis et al., 
2013).  Yet, the exposures collected from central monitoring sites are assumed to reflect personal ozone 
exposures, and this can be a source of exposure measurement error.  Prior Clean Air Science Advisory 
Committee (CASAC) reviews have highlighted the uncertainty due to the use of central monitors as a 
surrogate for personal exposures (CASAC, 2006).  CASAC (2006) reported that personal ozone exposures 
are typically much lower than ambient ozone levels and, more importantly, often show little or no 
correlation with concentrations measured at the central ambient sites.  For example, in a study conducted 
by Sarnat et al. (2001), researchers found no correlation between personal and ambient ozone 
concentrations in a Baltimore-based cohort for both winter and summertime ozone concentrations (resulting 
correlation slopes of 0.00 and 0.01 respectively). 
 
Potential issues with exposure measurement error also influence the shape of concentration-response 
functions derived from statistical models.  Gradient has assessed how the various kinds of exposure 
measurement error can contribute to bias in concentration-response functions (Rhomberg et al., 2011).  For 
example, as discussed in Rhomberg et al. (2011), Meng et al. (2005) hypothesized that potential biases can 
arise in PM2.5 associations because of seasonal variations in infiltration behavior.  Their data showed that 
seasonal differences in infiltration behavior not only coincide with fluctuations in ambient particle 
concentrations, but they also vary with location.  While this hypothetical scenario uses PM2.5 as an example, 
this issue is directly applicable to ozone.  As previously discussed in Gradient's comments on the 2013 
Ozone ISA, "it is well established that relatively weak personal-ambient ozone correlations and low 
personal-ambient attenuation factors are a function of the interplay of a number of individual-, season-, and 
city-specific factors, including time activity patterns, building characteristics, and ventilation practices" 
(Goodman and Sax, 2012).  
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3.1.7.2 Confounding by copollutants is poorly considered in weight of evidence. 

Confounding in respiratory morbidity studies is a key limitation in studies cited as key evidence in the draft 
Ozone ISA.  Many studies fail to consider the role of copollutants in their statistical models, and as a result, 
it is unclear whether the adverse health effects are attributed to exposure to ozone or coexposure to other 
correlated air pollutants such as fine particulate matter (PM2.5), sulfur dioxide (SO2), nitrogen dioxide (NO2) 
or carbon monoxide (CO).  The draft Ozone ISA states that there were not many studies evaluating 
copollutants in the 2013 Ozone ISA and acknowledges the complexity of determining the effects of ozone 
alone due to its high correlation with other copollutants.  Only 12 studies cited as key evidence in the draft 
Ozone ISA evaluated the role of copollutants in the draft Ozone ISA.  It is unclear whether the findings 
from these studies were given more weight than others that did not evaluate copollutants.  For example, 
with regard to short-term ozone exposure and mortality, the draft Ozone ISA states that there is "[g]enerally 
consistent epidemiologic evidence from multiple, high-quality studies" (Section 3.1.11, p. 3-84).  However, 
only one of the key studies considered potential confounding by copollutants in their statistical models.  
Overall, the draft Ozone ISA appears to downplay confounding by copollutants, and it does not appear to 
have been considered in causality determinations.  
 

3.1.7.3 The draft Ozone ISA does not appropriately consider and weight all of the 
evidence. 

The draft Ozone ISA frequently highlights studies with "positive" findings and fails to properly 
acknowledge null results (Goodman and Sax, 2012).  In many instances, null results throughout the draft 
Ozone ISA are presented with qualifiers in order to discount them.  The implication is that null results 
would have been positive so long as certain limitations or biases had been addressed.  Yet, conversely, 
positive results are not subject to the same level of scrutiny.  In addition, it is unclear whether, or to what 
degree, null studies are considered in the causal determinations.  
 

3.1.7.4 Conclusion 

Overall, there are critical limitations and uncertainties associated with the epidemiology studies cited in the 
2013 Ozone ISA and more recent studies included in the 2019 draft Ozone ISA.  It is unclear how the draft 
Ozone ISA evaluates the evidence in light of the issues that can bias study results, but it does not appear 
that study quality was considered in causality determinations.  
 
3.2 Long-term exposure evidence does not support a likely causal 

determination. 

The 2013 Ozone ISA concluded that there was likely a causal relationship between long-term exposure to 
ozone and respiratory health effects based primarily on epidemiology studies that evaluated the annual 
average of daily ozone concentrations and new onset asthma, respiratory symptoms in children with asthma, 
and respiratory mortality (primarily in studies that looked at ozone interactions with exercise or genetic 
variants).  The 2013 Ozone ISA stated this conclusion was supported by studies in which infant monkeys 
were exposed to biweekly cycles of alternating filtered air and ozone. 
 
According to the 2019 draft Ozone ISA: 
 

Recent studies continue to examine the relationship between long-term exposure to ozone 
and respiratory effects. Key evidence supporting the causality determination is presented 
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in Table IS-5. A limited number of recent epidemiologic studies provide generally 
consistent evidence that long-term ozone exposure is associated with the development of 
asthma in children (Section 3.2.4.1.1). In addition to investigating the development of 
asthma, epidemiologic studies have evaluated the relationship between ozone exposure and 
asthma severity (Section 3.2.4.5). Like the studies described in the 2013 Ozone ISA (U.S. 
EPA, 2013b), recent studies provide evidence of consistent positive associations between 
long-term exposure to ozone and hospital admissions and ED visits for asthma and 
prevalence of bronchitic symptoms in children with asthma. Notably, some uncertainty 
remains about the validity of the results from studies examining long-term ozone exposure 
and hospital admissions and ED visits for asthma, because most of these studies do not 
adjust for short-term ozone concentrations, despite the causal relationship between short-
term exposure and asthma exacerbation.  (US EPA, 2019a) 

 
Below, we describe how new studies do not strengthen the evidence reviewed in the 2013 Ozone ISA.  
Overall, recent epidemiology evidence is limited, both in quantity or quality, and epidemiology study 
limitations create uncertainty in the study findings.  Furthermore, the evidence from animal toxicity studies 
is not relevant due to the use of high ozone concentrations.  
 
3.2.1 Epidemiology and toxicological evidence does not support asthma development in 

children at ambient ozone concentrations.   

The draft Ozone ISA states that "in general, the epidemiologic and toxicological evidence provided 
evidence of a likely to be causal relationship between long-term exposure to ozone and respiratory effects" 
(US EPA, 2019a).  Epidemiology studies evaluated in the 2013 Ozone ISA did not provide evidence of the 
effect of ozone-induced asthma development in children.  However, according to the draft Ozone ISA, 
recent studies conducted in the US or Canada suggest an association, and evidence from animal toxicity 
studies in infant monkeys suggest that ozone can cause alterations to the airway and immune system.  The 
draft Ozone ISA also states that rodent studies provide evidence of the biological plausibility of long-term 
ozone and asthma development.   
 
However, the epidemiology evidence for new onset asthma in children is inconsistent, and studies reporting 
positive associations suffer from critical uncertainties and limitations that impact the interpretation of 
results and their application to causal determinations.  In addition, concentrations in animal studies are 
orders of magnitude higher than ambient ozone concentrations and are thus not applicable to human 
exposures as mechanisms of biological effects may differ at high vs. low ozone concentrations. 
 

3.2.1.1 New evidence does not support asthma development in children.  

The draft Ozone ISA cites a limited number of epidemiology studies as evidence of ozone-induced asthma 
development in children.  Yet, the evidence from these studies is conflicting, so it is unclear how the draft 
Ozone ISA considered the entire body of evidence, in light of null findings. 
 
Tétreault et al. (2016a) investigated the association between new onset asthma in children using the Québec 
Integrated Chronic Disease Surveillance System (QICDSS) (Tétreault et al., 2016a).  QICDSS used data 
from several databases:  health insurance, medical services, hospital discharge, and deaths.  Asthma cases 
were identified using data from hospital discharge records or physician visits.  Ozone levels were estimated 
using a Bayesian maximum entropy model and assigned yearly based on residential postal codes.  The 
authors reported positive and statistically significant associations between estimated ozone levels and 
children's onset asthma.  Notably, the authors used time-varying exposure estimates and accounted for 
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residential mobility.  Yet, all associations were estimated in relation to a child's residential address and 
failed to account for exposures that happen elsewhere.  The authors acknowledged that this is a source of 
bias since children spent a considerable amount of time in places other than the home.  Furthermore, the 
authors did not adjust for multiple pollutants; as a result, it is unclear whether the adverse health effects are 
solely attributed to ozone exposure.  
 
The other studies cited by the draft Ozone ISA do not provide consistent evidence of ozone-induced asthma 
development in children.  Garcia et al. (2019) investigated whether decreasing regional air pollutants were 
associated with reduced incidence of asthma in children enrolled in the Southern California Children's 
Health Study (Garcia et al., 2019).  The draft Ozone ISA states that decreases in ozone concentrations were 
associated with deceased asthma in this study; yet, these findings were not statistically significant and not 
consistent throughout the study.  Furthermore, there are study limitations that create uncertainty in the 
findings.  The authors did not account for confounding by copollutants or residential mobility and did not 
use time-varying exposure estimates to account for temporal variability, the latter of which likely resulted 
in considerable exposure measurement error.  In addition, the questionnaires used to collect information on 
asthma incidence in children did not record specific dates of diagnosis.  As result, the authors imputed all 
dates of the asthma diagnosis. 
 
A study by Nishimura et al. (2013) investigated the association between early-life air pollution exposure 
and childhood asthma in Latino and African-American children living in US cities (Nishimura et al., 2013).  
Early-life ozone exposure was not associated with increased odds of childhood asthma across the study 
regions.  The draft Ozone ISA acknowledges the null results but attributes them to the smaller study 
population size.  This is not the only possible explanation for null results.  The draft Ozone ISA does not 
consider other study limitations such potential exposure measurement error associated with using 
residential ozone measures as a surrogate for personal ozone measures. 
 
Overall, the epidemiology evidence is inconsistent.  Only Tétreault et al. (2016a) reported a positive 
association between long-term ozone and new onset asthma, and this study has several methodological 
limitations.  Furthermore, one study is not sufficient evidence for causality.  In general, the evidence is 
limited and inconsistent, and thus not sufficient to draw causal conclusions. 
 

3.2.1.2 Evidence from animal toxicity studies is not relevant for health effects in 
humans.  

Several studies cited in the draft Ozone ISA evaluated the effects of long-term ozone exposure on 
respiratory health in both rodents and infant rhesus monkeys.  Infant rhesus monkeys are ideal animal 
models because their lung branching pattern and airway distribution are more closely related to humans 
than other animals'.  The draft Ozone ISA summarizes findings from several studies in infant monkeys that 
showed postnatal ozone exposure compromised airway growth and development, caused the development 
of an allergic phenotype, and caused persistent alterations to the immune system.  However, this all occurred 
following exposure to 500 ppb ozone (Clay et al., 2014; Murphy et al., 2012, 2013; Crowley et al., 2017; 
Chou et al., 2011; Moore et al., 2012).  This concentration is orders of magnitude higher than ambient 
ozone concentrations.  Thus, the evidence from animal toxicity does not inform asthma development in 
humans. 
 
3.2.2 Evidence from asthma hospital admissions studies is insufficient.  

The draft Ozone ISA states that "[r]ecent studies support a relationship between long-term ozone and the 
severity of respiratory disease" (US EPA, 2019a).  The increase of asthma-related respiratory symptoms 
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has been associated with more hospital admissions and emergency department (ED) visits.  However, the 
draft Ozone ISA also acknowledges that there are some uncertainties regarding these findings but 
downplays how these uncertainties call into question the validity of the study results.  For example, in 
Tétreault et al. (2016b), the authors reported summertime ozone levels were associated with increased 
hospital admissions and ED visits related to asthma.  However, the authors did not adjust for short-term 
asthma, so the increased medical services for asthma-related health problems could be a result of acute vs. 
chronic (i.e., long-term) ozone exposure.  Gilliland et al. (2017) reported decreases in respiratory symptoms 
in children with asthma associated with reductions in ambient ozone concentrations (Gilliland et al., 2017).  
However, in two-pollutant models with ozone and NO2, PM10, and PM2.5, the effects of ozone were 
attenuated and became non-significant, which suggests confounding.  Berhane et al. (2016)  also reported 
decreased bronchitic symptoms in asthmatic children with reductions in ambient ozone.  The authors found 
similar associations in copollutant models with NO2.  Although the authors used longitudinal outcome and 
covariate data, the ecological study design cannot be used to establish causality.  In addition, all studies 
relied on ambient ozone concentrations as a surrogate for personal exposure, which can be a source of 
exposure measurement error.  
 
3.2.3 Recent evidence for the effects of long-term ozone exposure on lung function 

development is limited. 

3.2.3.1 Epidemiology evidence investigating long-term ozone and lung 
development is inconsistent.  

The draft Ozone ISA states that the evidence from epidemiology studies investigating the association 
between long-term ozone exposure and lung development and lung function is inconsistent.  The draft 
Ozone ISA cites several studies; however, the majority of recent evidence for respiratory effects in children 
comes from cross-sectional studies.  While cross-sectional studies often rely on nationally collected survey 
data, which increases generalizability, a key limitation of these studies is the inability to infer temporality 
between exposure and outcome.  In addition, the majority of studies focus on children and only one study 
focuses on elderly adults.  Two studies in children reported no changes in lung function growth or lung 
function measurements with decreasing ozone concentrations (Gilliland et al., 2017; Gauderman et al., 
2015 ).  In addition, the draft Ozone ISA cites two other studies that reported modest decreases in lung 
function (Urman et al., 2014; Neophytou et al., 2016).  Urman et al. (2014) investigated ozone exposure 
and lung function changes in children.  The authors estimated ozone exposures from a central monitoring 
location within each community, which is a source of exposure measurement error.  Neophytou et al. (2016) 
investigated the effects of ozone on lung function measured by spirometry in African American and Latino 
children throughout the US and Puerto Rico.  They also reported "suggestive associations" for ozone 
exposure; however, ozone was not consistently associated with the three measures from the spirometry 
testing.  Furthermore, the cross-sectional nature of these studies limits the ability to infer causality.  As a 
result, as stated in the draft Ozone ISA, the evidence is limited and inconsistent and is not sufficient to make 
conclusions about causality.  
 
As evidence of effects in elderly adults, the draft Ozone ISA cites one prospective longitudinal study by 
Eckel et al. (2012) that investigated long-term ozone exposure and FEV1 and forced vital capacity (FVC) 
in adults aged 65 years or older.  Increased ozone was associated with FEV1 and FVC.  However, the authors 
reported moderate correlation coefficients between PM10 and ozone in some study communities and did not 
perform analyses including copollutants.  Furthermore, the authors relied on ambient exposure as surrogates 
from personal exposures.  Yet, it is very likely that elderly and frail participants included in this study spend 
more time indoors and less outdoors.  As result, there may be a greater potential for exposure measurement 
error.   
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3.2.3.2 Animal toxicity studies on pulmonary inflammation, injury, and oxidative 

stress do not provide evidence for human health effects at ambient 
concentrations. 

The draft Ozone ISA states that postnatal exposure to ozone "resulted in altered lung development in the 
infant monkeys and increased oxidative stress, inflammation, and injury in neonatal rodents" (US EPA, 
2019a).  As discussed in Section 3.2.1.2, these studies in infant monkeys use ozone concentrations that are 
orders of magnitude higher than ambient ozone concentrations (i.e., 500 ppb).  In addition, rodent studies 
also only report adverse effects at elevated ozone concentrations (e.g., 500, 800, 1,000 ppb) that are not 
informative of effects in humans (Miller et al., 2016a; Gordon et al., 2016 ). 
 
3.2.4 Epidemiology and animal toxicity data provide insufficient evidence of long-term ozone 

effects on allergic responses.  

According to the draft Ozone ISA, epidemiology evidence reviewed in the 2013 Ozone ISA reported 
generally positive associations between long-term ozone exposure and various indicators of allergies.  The 
draft Ozone ISA also indicates that one additional recent study provides support for this association.  
 
All the studies cited as evidence are cross-sectional in design.  In the most recent study, Weir et al. (2013) 
used data from the National Health and Nutrition Examination Survey (NHANES) to investigate the 
association between NO2, PM10, PM2.5, and summer O3 and allergen-specific immunoglobulin E (IgE) in 
adults and children aged 6 years and older.  Demographic and lifestyle information was collected via 
questionnaires, and survey participants were tested for allergen-specific antibodies as a part of NHANES 
collection of health data.  The authors estimated air pollutant concentrations using monitors and Community 
Multiscale Air Quality (CMAQ) modeling.  Exposures were assigned to participants using their addresses 
and the year they were tested for allergen antibodies.  The authors reported positive associations between 
long-term ozone exposure and different allergens that were not statistically significant.  Confounding by 
copollutants cannot be ruled out in this study.  In addition, there is a temporality issue.  Ozone was measured 
in May-September of each year, and it is unclear whether the exposure assigned to participants occurred 
before they were tested for each outcome.  When determining causality, it is essential that the exposure 
precedes the health outcome. 
 
The draft Ozone ISA states that previous animal studies presented in the 2013 Ozone ISA demonstrate that 
repeated exposure to 500 ppb ozone can cause "increased injury, inflammation, and allergic responses in a 
rodent model of allergic airway disease" (US EPA, 2019a).  Furthermore, the draft Ozone ISA presents 
more recent evidence that lower concentrations can induce similar effects.  In a study by Hansen et al. 
(2013), female BALB/cJ mice were exposed to 100 ppb ozone for 20 minutes/day for 5 days/week for 12 
weeks and a low dose of ovalbumin to induce sensitization.  Mice were challenged with a high dose of 
ovalbumin after 14 weeks.  The authors reported that ozone exposure promoted eosinophilic airway 
inflammation.  While this study suggests ozone induces inflammation in rodent models, there is uncertainty 
regarding the relevance of the evidence because of the differences in airway morphology in rodents 
compared with humans.  Furthermore, this is only one study; additional studies are needed to confirm this 
finding. 
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3.2.5 New evidence for Chronic Obstructive Pulmonary Disease (COPD) is limited. 

3.2.5.1 One epidemiology study is not sufficient evidence of long-term ozone 
effects on COPD.  

The draft Ozone ISA appears to make causal conclusions regarding the effects of long-term ozone on 
specific respiratory endpoints from limited epidemiology evidence.  For example, according to the draft 
Ozone ISA, there were no studies in the 2013 Ozone ISA that examined the association between ozone and 
chronic obstructive pulmonary disease (COPD); one new study is discussed in the 2019 draft Ozone ISA 
(To et al., 2016).  To et al. (2016) investigated the association between long-term ozone exposure and 
COPD incidence in adults with incident asthma.  Notably, the authors included multiple individual and 
ecological level covariates and information on other comorbidities in both single- and two-pollutant models 
(i.e., ozone and PM2.5).  The authors reported statistically significant association between ozone and COPD 
incidence in people with asthma; however, the results were positive yet attenuated in the two-pollutant 
model, which suggests confounding by PM2.5.  There is also potential for exposure measurement error since 
air pollution data was collected from fixed monitoring sites.  In addition, a majority of the health risk factor 
data (e.g., smoking, body mass index) were collected at baseline from surveys.  Even setting aside these 
issues, one study is not sufficient evidence to suggest an association.    
 

3.2.5.2 Animal toxicity studies do not provide evidence of respiratory effects at 
relevant concentrations. 

The draft Ozone ISA states that several recent animal studies demonstrate the effects of repeated subchronic 
ozone exposure on airway inflammation and injury.  Yet, the draft Ozone ISA acknowledges that these 
effects occur at elevated ozone concentrations (e.g., 500, 800, 1,000 ppb), and, furthermore, studies using 
lower doses did not report any statistically significant effects (Gordon et al., 2016; Miller et al., 2016a).  
For example, Miller et al. (2016a) reported increased markers of lung injury and inflammation by analysis 
of the BALF from male Wistar Kyoto rats exposed to 1,000 ppb ozone for 5 hours/day for 3 days/week for 
13 weeks.  The authors included a lower dose group (i.e., 250 ppb); the effects in animals exposed to 250 
ppb were almost indistinguishable from the effects in animals exposed to filtered air.  
 
3.2.6 Evidence for respiratory mortality is inconsistent.  

The draft Ozone ISA cites that evidence of the effect long-term ozone on respiratory morality is limited due 
to inconsistencies.  It states that the strongest evidence comes from a previously reviewed study from the 
2013 Ozone ISA and a more recent study reviewed in the draft Ozone ISA. 
 
In Jerrett et al. (2009), the authors used data from the American Cancer Society Cancer Prevention Study 
II to investigate the association between long-term ozone and cardiopulmonary and respiratory causes of 
death.  The authors reported statistically significant and positive associations between long-term ozone and 
respiratory-specific mortality, which includes a weakly positive risk estimate in a multipollutant model with 
PM2.5.  However, this study does not provide clear evidence of an association.  The authors did not properly 
control for the potential confounding effects of copollutants because they utilized ozone and PM2.5 data 
from two different periods due to a lack of available PM2.5 data.  In addition, Jerrett et al. (2009) found 
significant differences in effects by region and reported potential for confounding by temperature.  Overall, 
due to the critical study limitations, this study is insufficient evidence of the effects of long-term ozone on 
respiratory mortality.  
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The draft Ozone ISA also cites a more recent prospective cohort study conducted by Turner et al. (2016) 
as additional recent evidence of ozone-induced effects on respiratory mortality.  Turner et al. (2016) used 
data from the Cancer Prevention Study II and reported positive associations between ozone and respiratory 
mortality in single and multipollutant models adjusted for PM2.5 and NO2.  However, ozone exposures were 
estimated based on residential postal codes and did not account for ozone exposure that could occur 
elsewhere, which could have introduced exposure measurement error.  There is potential for unmeasured 
confounding as a result of a lack of information on physical activity included in the statistical models. 
 
In addition to these studies conducted in the US, the draft Ozone ISA cites another US study by Jerrett et 
al. (2013) and a study conducted in Canada by Crouse et al. (2015) that reported null associations.  Overall, 
as stated in the draft Ozone ISA, the evidence for long-term ozone exposure and respiratory mortality is 
inconsistent, and thus does not support causation. 
 
3.3 Conclusions 

The draft Ozone ISA indicates that recent evidence from epidemiology, controlled human exposure, and 
animal toxicity studies provide robust evidence for respiratory effects from short- and long-term ozone 
exposure.  In fact, the evidence for respiratory effects does not support EPA's conclusion that there is a 
causal relationship between short- or long-term ozone exposure and respiratory morbidity and mortality at 
relevant concentrations.  The controlled human exposure studies indicate that there are no statistically 
significant adverse respiratory effects associated with ozone exposures below 70 ppb.  Effects reported at 
60 ppb are also not adverse.  In addition, the 2013 Ozone ISA did not properly consider key limitations in 
the epidemiology evidence, and new studies have the same critical issues that impact the validity of the 
results. Furthermore, key toxicity studies on which EPA relied to support the epidemiology data were 
conducted at very high exposure levels that are not relevant for assessing health effects of ambient ozone.  
Overall, the evidence presented in the draft Ozone ISA does not indicate that short- or long-term ozone 
exposure below the current ozone standard likely causes adverse respiratory effects at ambient 
concentrations. 
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4 Evidence for metabolic disease should be classified 
as inadequate. 

Metabolic syndrome is a cluster of conditions including high blood pressure, high blood sugar, excess body 
fat around the waist, and abnormal cholesterol or triglyceride levels (National Heart, Lung, and Blood 
Institute, 2019).  Metabolic effects were evaluated in the context of a mode of action for cardiovascular 
effects in the 2013 Ozone ISA.  The 2019 draft Ozone ISA concludes a likely causal relationship for both 
short- and long-term ozone exposure giving   rise to metabolic syndrome endpoints.  
 
The draft Ozone ISA states in their Integrated Synthesis (IS-1): 
 

Emerging evidence indicates that short- and long-term ozone exposure contributes to 
metabolic disease, including diabetes. Specifically, animal toxicological studies 
demonstrate impaired glucose tolerance, increased triglycerides, fasting hyperglycemia, 
and increased hepatic gluconeogenesis in laboratory animals. A limited number of 
epidemiology studies observed associations between ozone and increased incidence of type 
2 diabetes and mortality from diabetes.  (US EPA, 2019a)  

 
However, a more careful review of the evidence indicates that it is not consistent or sufficient for every 
metabolic endpoint, and that it does not support any effects at ambient ozone concentrations.  
 
4.1 Evidence for short-term exposure does not support a likely causal 

determination. 

The draft Ozone ISA indicates that there is limited evidence from epidemiology and controlled human 
exposure studies but that animal toxicity studies provide robust evidence of the effects of short-term ozone 
on metabolic effects.  While the evidence presented in the draft Ozone ISA supports the effects of short-
term ozone on glucose impairment at 800 and 1,000 ppb, the evidence for ozone-induced effects on other 
metabolic endpoints is not consistent and does not support the likely causal determination.  Overall, the 
evidence presented in the draft Ozone ISA does not suggest that short-term ozone exposure at levels below 
the current ozone standard causes adverse effects on metabolic endpoints. 
 
4.1.1 Animal toxicity evidence is not consistent for all metabolic endpoints. 

EPA evaluated animal studies that were conducted to assess the effects of short-term ozone exposure on 
various markers related to metabolic health, including indicators of impaired glucose and insulin 
homeostasis, triglyceride levels, hepatic gluconeogenesis, and markers of inflammation.  The draft Ozone 
ISA states that the strongest evidence comes from "animal toxicological studies that show impaired glucose 
tolerance, increased triglycerides, fasting hyperglycemia, decreased insulin, and increased hepatic 
gluconeogenesis" (Section 5.1.8, p. 5-23).  The draft Ozone ISA also indicates that these studies use relevant 
ozone concentrations.   
 
Animal toxicity studies support the conclusions regarding impaired glucose tolerance and fasting 
hyperglycemia at high ozone exposure concentrations.  Evidence supporting ozone-induced hyperglycemia 
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and glucose intolerance was fairly consistent across studies using different rodent strains (Miller et al., 
2016a; Miller et al., 2015; Gordon et al., 2017; Bass et al., 2013; Miller et al., 2016b).  In studies 
investigating the effects of short-term ozone exposure on glucose, authors often used multiple doses of 
ozone to establish a concentration-response curve.  However, significant impairments occurred primarily 
in the highest exposure groups (i.e., 800 or 1,000 ppb).  The draft Ozone ISA states glucose impairments 
occur at concentrations as low as 250 ppb; however, there is a lack of consistent evidence at these lower 
concentrations from other studies.  Only one study showed effects at exposures as low as 500 ppb ozone 
(Miller et al., 2015); a separate study cited in the draft Ozone ISA found no significant changes in glucose 
at 500 ppb (Zhong et al., 2016).  Significant glucose intolerance was reported by Gordon et al. (2017) in 
rats exposed to 250, 500, or 1,000 ppb for five hours/day for two days; however, the effect of exercise 
confounded the effect of ozone on glucose tolerance in the 250 and 500 ppb exposure groups.  Furthermore, 
other results with animals exposed to lower doses of ozone (i.e., 250 ppb) were indistinguishable from the 
results with control animals exposed to filtered air, suggesting a threshold for these metabolic endpoints 
that is considerably higher than ambient concentrations.  Since all of these doses are much higher than 
ambient ozone concentrations, these studies do not provide evidence for effects in humans at lower ozone 
levels. 
 
The draft Ozone ISA also evaluated evidence regarding ozone-induced alterations to serum lipids, including 
triglycerides, high density lipoprotein (HDL), and low density lipoprotein (LDL) cholesterol.  Animal 
studies were inconsistent with regard to changes in serum lipids as a result of short-term ozone exposure 
both within and across rodent strains.  Miller et al. (2015) reported a statistically significant increase in 
LDL cholesterol in male Wistar Kyoto rats following exposure to 1,000 ppb ozone for six hours/day for 
two days, but Farraj et al. (2016) reported no changes in serum triglycerides, HDL, or LDL cholesterol in 
male Long-Evans rats following exposures up to 1,000 ppb for five hours/day for two days.  Gordon et al. 
(2016) found no effect of ozone exposure (800 ppb for four days/week for three weeks) on cholesterol in 
male and female Brown Norway rats but found increased serum triglycerides in male rats only.  The findings 
from these studies demonstrate a lack of coherence of effects across animal toxicity studies. 
 
Other metabolic endpoints assessed in animal toxicity studies included inflammation, insulin impairments, 
and hepatic gluconeogenesis.  The draft Ozone ISA cites a few studies reporting positive associations 
between ozone and inflammation in adipose tissue, albeit at high ozone doses (500 ppb).  Furthermore, the 
draft Ozone ISA states that the effects of ozone on systemic inflammation varies based on the rodent strain 
(Section 5.1.5.1, p. 5-13) but provides no explanation for why this is the case or how inconsistent results 
across strains should be extrapolated to humans.  In fact, other studies cited as key evidence in other parts 
of the draft Ozone ISA (Table 5-1, p. 5-24) also tested for inflammatory markers but did not report 
significant changes at 1,000 ppb (Miller et al., 2016a; Bass et al., 2013).  There is no indication that these 
other studies reporting null effects were considered.  This calls into question EPA's process of assessing the 
collective body of evidence for causal determinations.  
 
In addition, while a few studies assessed the effects of ozone on insulin homeostasis, the results were not 
consistent across studies.  Only one study reported significant results from a pyruvate tolerance test, a 
measurement of liver gluconeogenesis, in Wistar Kyoto rats exposed to 1,000 ppb of ozone for five 
hours/day for one week (Miller et al., 2016a). 
 
Finally, it is notable that a majority of the animal toxicity studies cited in the draft Ozone ISA come from 
the same research group (e.g., Gordon et al., Bass et al., and Miller et al.).  These results should be 
confirmed by other research groups before they are considered probative for causal determinations. 
 
Overall, aside from glucose impairments, there is no consistent evidence for short-term effects of ozone on 
other indicators of metabolic effects.  A majority of the toxicity studies only reported adverse effects at 
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high exposure levels of ozone.  These doses are much higher than ambient ozone concentrations and are 
not informative regarding human health risks below the current standard.  
 
4.1.2 Epidemiology evidence for diabetes and metabolic syndrome is limited in both quality 

and quantity. 

The draft Ozone ISA states that there is "[c]onsistent epidemiologic evidence of increased risk of diabetes 
or metabolic syndrome" and "positive associations between short-term ozone exposure and increased 
indicators of impaired glucose and insulin homeostasis, including HOMA-IR, dyslipidemia, elevated  
HbA1c, and increased fasting glucose" (Table 5-1, p. 5-32).  However, the draft Ozone ISA only presents 
one study that reported associations between long-term ozone exposure and metabolic endpoints.  This 
study was conducted in Taiwan (see Chuang et al., 2010) using cross-sectional health survey data and air 
pollutant data from monitors across Taiwan.  Ozone exposure was assigned to participants based on their 
residential addresses and matched with the date blood was collected for testing of metabolic biomarkers.  
The authors reported positive associations between measured ozone, apolipoprotein B (a component of 
LDL cholesterol), and diastolic blood pressure.  Increased ozone concentrations were also associated with 
very small, statistically significant increases (0.05-0.07%) in levels of hemoglobin A1c (HbA1c) at all lag 
times examined.  Because the authors relied on self-reported questionnaire data for information on 
individual level confounders and did not account for other ecological covariates, the possibility for 
unmeasured confounding cannot be ruled out.  There is also the potential for exposure measurement error 
from using ambient ozone concentrations as a surrogate for personal exposure levels.  In addition, the 
authors only applied single-pollutant models, so confounding by copollutants cannot be ruled out.  
 
It is unclear how this one study provides consistent evidence for effects on diabetes and metabolic 
syndrome, given that neither diabetes nor metabolic syndrome incidence or prevalence were directly 
assessed in the study.  Importantly, the findings from Chuang et al. (2010) are not consistent with findings 
from other human epidemiology studies with more robust study designs.  The draft Ozone ISA 
acknowledges that findings from other studies of metabolic effects, including case-crossover and panel 
studies, although limited in number, are generally null.  EPA did not evaluate study quality or properly 
weigh the evidence from all the relevant studies for its causality determination.  The lack of associations in 
these more robust human epidemiology studies calls into question the positive associations reported from 
Chuang et al. (2010).  It is also worth noting that Chuang et al. (2010) and some of the other more robust 
studies relied on data from populations outside of the US, which calls into the question whether their results 
are generalizable to the US. 
 
4.1.3 Few epidemiology studies evaluated copollutant models.  

The draft Ozone ISA states, "[t]he magnitude of ozone associations remains relatively unchanged in a 
limited number of studies evaluating copollutant models, including PM2.5 and other gaseous pollutants."  
As discussed above in Section 4.1.2, only one study was presented as key evidence.  As a result, there is 
not enough evidence to definitively rule out copollutants, and, furthermore, this study has other 
methodological limitations that were not fully considered, such as unmeasured confounding and exposure 
measurement error.  Furthermore, a few studies listed in the draft Ozone ISA had generally null findings 
(see Table 5-1, p. 5-24); this does not support positive associations in other studies.  Overall, the evidence 
does not collectively suggest that reported associations with short-term ozone exposure are not confounded 
by the presence of copollutants.  
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4.1.4 Controlled human exposure studies do not demonstrate metabolic changes with ozone 
exposure at ambient concentrations. 

The draft Ozone ISA states that there is "[c]ontrolled human exposure evidence of increased metabolic 
changes with ozone exposure at relevant concentrations," although only one key study is cited.  In this 
study, Miller et al. (2016c), exposed healthy adult volunteers to either ozone (300 ppb) or fresh air for two 
hours in a controlled chamber while performing 15 minutes on/off exercise (Miller et al., 2016c).  Following 
a two-week wash-out period, volunteers received the alternate exposure; serum samples were collected for 
metabolomic assessment after each exposure.  Ozone exposure was only positively associated with 
increased concentrations of circulating metabolites (carnitine conjugates of long-chain free fatty acid and 
acetyl carnitine) related to ketone body formation.  The authors found no significant changes in homeostatic 
model assessment of insulin resistance (HOMA-IR) or insulin levels.  In addition, the authors did not find 
significant changes in the relevant cytokines and adipokines (indicators of inflammation often associated 
with obesity and metabolic syndrome).  The levels of these biomarkers of inflammation should have 
increased in response to ozone exposure if it truly induces systemic inflammation (Goodman et al., 2015b). 
 
The positive associations with ketone body formation from this one study are not sufficient to conclude that 
ozone induces metabolic changes in humans at 300 ppb, particularly in light of the null effects for other 
related endpoints.  It is also notable that, although the 300 ppb exposure concentration is lower than some 
of the ozone exposure doses in animal toxicity studies, it is still much higher than ambient ozone levels.  
 
4.1.5 Evidence does not support pathways for biological plausibility. 

The draft Ozone ISA states (Table 5-1, p. 5-24), "Experimental studies provide evidence of metabolic 
syndrome mediated by pulmonary irritant receptor stimulation and activation of the neuroendocrine system 
with short-term ozone exposure provides biological plausibility to the effects of ozone on metabolic 
syndrome and diabetes."  In addition to the text in the draft Ozone ISA outlining the evidence from 
experimental studies, a figure (Figure 5-1, p.5-4, reproduced below) describes hypothesized biological 
pathways for metabolic outcomes following short-term ozone exposure.  
 
The solid lines in Figure 4.1 indicate essentiality, meaning direct evidence of ozone's impact on the 
upstream or downstream effects.  The dotted lines denote "possible pathways," with presumably less 
evidence of the direct impacts of ozone.  However, a review of the evidence discussed in the draft Ozone 
ISA indicates that the direct evidence is not necessarily robust or consistent and is often at exposure 
concentrations much higher than ambient ozone concentrations. 
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Figure 4.1  Potential Biological Pathways for Metabolic Outcomes Following Short-term Ozone 
Exposure.  Reproduction of Figure 5-1 from EPA (2019a). 
 
For example, the draft Ozone ISA cites several studies as evidence that pulmonary irritants, such as ozone, 
can activate sensory nerves in the respiratory tract (Zellner et al., 2011; Gackiere et al., 2011; Dorado-
Martinez et al., 2001; Mumaw et al., 2016).  The draft Ozone ISA indicates that this action can have 
subsequent downstream effects on the hypothalamic pituitary adrenal (HPA) axis and eventually impact 
metabolic health overall.  While these studies provide plausible theories that connect sensory nerve activity 
to downstream metabolic effects, the evidence appears to be inconsistent in that the molecular endpoints 
studied vary across studies, thus making it difficult to discern the consistency of effects.  
 
The draft Ozone ISA also states that there is direct evidence of the effects of ozone on activation of the 
HPA axis or the neuroendocrine sympathetic adrenal medullary pathway.  These pathways are responsible 
for controlling and mediating the body's stress responses, and the draft Ozone ISA suggests that the resulting 
multiorgan response to stress related to ozone exposure, communicated throughout the body via changing 
levels of stress hormones, can lead to downstream metabolic effects such as glucose intolerance, 
hyperglycemia, and hepatic gluconeogenesis.  Yet, the evidence cited by the draft Ozone ISA includes 
several of the key studies described above in Section 4.1.1, 4.1.2, and 4.1.3.  As discussed in these Sections, 
aside from glucose impairment at 800 and 1,000 ppb, overall, the animal toxicity studies do not provide 
consistent evidence of ozone-induced effects on metabolic endpoints at ozone concentrations relevant to 
the standards.  
 
Although the evidence from human epidemiology and controlled human exposure studies are limited, 
among these few studies, there appears to be a lack of coherence in that human studies do not consistently 
report associations between ozone and these downstream effects.  In fact, as described in Section 4.1.2, the 
draft Ozone ISA cites several human epidemiology studies with largely null findings.  As a result, the 
evidence presented by the draft Ozone ISA does not provide sufficient evidence to connect short-term ozone 
exposure through initial upstream effects to downstream effects.  
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4.2 Evidence for long-term exposure does not support a likely causal 
determination. 

The draft Ozone ISA states: 

Experimental animal studies address some of the uncertainty in the epidemiologic evidence 
related to the independent effect of ozone exposure by providing evidence of direct effects 
on metabolic function. The animal toxicological studies provided evidence that long-term 
ozone exposure resulted in impaired insulin signaling, glucose intolerance, hyperglycemia, 
and insulin resistance (Section 5.2.3.1). In addition, these pathophysiological changes were 
often accompanied by increased inflammatory markers in peripheral tissues, and activation 
of the neuroendocrine system (Section 7.2.1.5). A limited number of epidemiologic studies 
have evaluated potential copollutant cofounding for PM or NOX [Jerrett et al. (2017); Renzi 
et al. (2017); Section 5.2.3]. Importantly, short-term ozone exposure studies also provided 
evidence that ozone exposure could contribute to the development of metabolic syndrome 
and show consistency with the evidence that long-term ozone exposure could lead to 
development or worsening of metabolic syndrome or its risk factors. Overall, the 
collective evidence is sufficient to conclude that a likely to be causal relationship exists 
between long-term ozone exposure and metabolic effects.  (US EPA, 2019a)  

 
Similar to the evidence for short-term ozone effects on metabolic endpoints, evidence regarding long-term 
effects is limited overall.  The draft Ozone ISA also considers findings from short-term studies as evidence 
of long-term ozone induced metabolic effects.  As discussed above in Section 4.1, the short-term evidence 
is limited and inconsistent, with the exception of glucose impairment at exposures well above the ozone 
standards (e.g., 500-1,000 ppb).  Overall, the evidence presented in the draft Ozone ISA does not suggest 
that long-term ozone exposure below the current ozone standard causes adverse effects on metabolic 
endpoints. 
 
4.2.1 Animal toxicity studies are limited. 

The draft Ozone ISA states there is "consistent animal toxicology evidence from multiple, high-quality 
studies at relevant ozone concentrations" from "studies of impaired glucose tolerance, fasting 
hyperglycemia, dyslipidemia, insulin resistance, and activation of the neuroendocrine pathway with ozone 
exposure."  The draft Ozone ISA cites three key studies as evidence of the effects of long-term ozone on 
metabolic endpoints; two of these studies were also considered to provide evidence for short-term ozone-
induced effects.  
 
The draft Ozone ISA stated long-term ozone exposure animal studies show adverse effects on glucose and 
insulin homeostasis.  Similar to the evidence from short-term ozone exposure, adverse metabolic effects 
were primarily consistent at the highest dose groups (800 and/or 1,000 ppb) among the few animal toxicity 
studies investigating the effects of long-term ozone exposure.  Bass et al. (2013) exposed Brown Norway 
rats, aged 1, 4, 12, and 24 months, to 250 and 1,000 ppb ozone for six hours/day for two days/week for 13 
weeks and conducted glucose tolerance tests.  Based on their results, the draft Ozone ISA states that all 
ozone-exposed animals had glucose impairment.  However, ozone-reductions in glucose tolerance are only 
consistent across all rodent age groups in the highest ozone exposure group of 1,000 ppb (Bass et al., 2013).  
In addition, the subchronic effects on glucose were less severe than they were in rats after acute ozone 
exposure.  Miller et al. reported similar effects in adult male Wistar Kyoto rats following 1,000 ppb ozone 
exposure for five hours/day for three consecutive days for 12 weeks.  Following 12 weeks of exposure, 
there was also a statistically significant decrease in serum insulin (Miller et al., 2016a).  
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The third study by Gordon et al. (2013) only exposed animals to 800 ppb ozone, so there is no low dose 
evidence to compare with other key evidence.  Importantly, these high doses are not relevant to ambient 
ozone concentrations.  In addition, contrary to results from Miller et al., Gordon et al. reported an increase 
in serum insulin following episodic exposure to 800 ppb of ozone over 17 weeks in elderly (but not adult) 
rats (Gordon et al., 2013).  
 
4.2.2 Epidemiology evidence regarding morbidity is not sufficient. 

The draft Ozone ISA states there is consistent evidence for associations between long-term ozone exposure 
and an increased risk of diabetes and metabolic syndrome, citing four key studies.  The evidence from these 
studies is not sufficient to conclude that long-term exposure to ozone is associated with either metabolic 
syndrome or diabetes.  Three studies present conflicting evidence regarding the effects of long-term ozone 
exposure on diabetes, and only one study investigates metabolic syndrome.  Issues with potential 
confounding and exposure measurement error are also major sources of uncertainty in these studies.  
 
EPA noted two studies investigating the effect of ozone on diabetes in adults.  Jerrett et al. (2017) reported 
positive associations between ambient ozone exposure and type 2 diabetes incidence in the Black Women's 
Health Study, a national US-based cohort of African-American women.  However, the addition of NO2 to 
the model weakened the results, suggesting confounding by NO2 (Jerrett et al., 2017).  
 
Renzi et al. (2018) reported positive associations between ozone and the incidence of type 2 diabetes in a 
cohort of men and women in Rome, and the associations remained significant in copollutant models with 
NO2.  However, the study did not have robust information on physical activity or diet. 
 
Yang et al. (2018) conducted a secondary analysis of 18- to 74-year-old adults using data from 33 
communities in China to investigate the effects of long-term ozone exposure on metabolic syndrome.  
Notably, for their main analyses, Yang et al. used one clear definition of metabolic syndrome and included 
categorizations for waist circumference that were specific to their study population.  In addition, they 
conducted sensitivity analyses using other definitions of metabolic syndrome from organizations such as 
the American Heart Association, Chinese Diabetes Society, and International Diabetes Federation.  The 
authors reported positive associations between ozone and metabolic syndrome in their main analyses and 
significant, albeit slightly weakened, associations in their sensitivity analyses.  However, we are in 
agreement with the draft Ozone ISA regarding key limitations of this study and the resulting uncertainties 
of its findings.  Confounding by copollutants cannot be ruled out; the authors reported high correlations 
between ozone and PM10 and SO2.  Furthermore, there is likely unmeasured confounding because baseline 
questionnaires were used to collect information on individual confounders.  Importantly, the cross-sectional 
study design impedes the ability to demonstrate causality.  
 
The final study evaluated in the draft Ozone ISA focused on maternal ozone exposure and the incidence of 
type 1 diabetes in children (Malmqvist et al., 2015).  While Malmqvist et al. (2015) reported elevated odds 
ratios for type 1 diabetes in the highest quartile of ozone exposure in the first and second trimester, these 
findings were not statistically significant and had wide confidence intervals.  In addition to the potential 
exposure measurement error from using ambient ozone concentrations as a surrogate for personal exposure 
levels, the authors acknowledge that the methods for assessing ozone exposure were crude. 
 
Overall, the results from the human epidemiology studies are inconsistent and not suggestive of an 
association between long-term exposure to ozone and metabolic changes.  The few studies focused on 
different metabolic endpoints, so there was limited evidence to review for consistency.  Two studies present 
conflicting results regarding the association between long-term ozone and the incidence of type 2 diabetes.  
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As discussed in Section 3.1.7.1, there is potential for exposure measurement error since all studies use 
ambient ozone levels as a surrogate for personal ozone exposure.  It is also worth noting that two of the key 
studies evaluated in the draft ISA relied on data from international cohorts (e.g., China and Italy).  
Regardless of their results and study limitations, it is unclear whether these study results are generalizable 
to the US population. 
 
4.2.3 Epidemiology evidence regarding diabetes-associated mortality is limited. 

The draft Ozone ISA states that "[a] limited number of studies observed positive associations between long-
term ozone exposure and mortality from diabetes and cardiometabolic diseases."  The draft Ozone ISA cites 
two key studies.  Notably, these studies both use robust epidemiology study designs and consider the role 
of copollutants.  However, their findings are limited by the potential for exposure measurement error and 
confounding by factors not assessed by the investigators.  
 
Crouse et al. (2015) reported that increased concentrations of ozone were associated with elevated mortality 
from cardiometabolic diseases and diabetes in both single and copollutant models.  Similarly, Turner et al. 
(2016) reported positive associations between ozone and diabetes mortality in multipollutant models 
adjusted for PM2.5 and NO2.  Similar to many studies, in both studies, ozone exposures were estimated 
based on residential postal codes and did not account for ozone exposure that could occur elsewhere, which 
can introduce exposure measurement error.  In the Crouse et al. (2015) study, the authors used data from 
the Canadian air quality forecast to model the ozone surface.  However, the authors did not provide 
information on model performance, so it is uncertain how well ozone exposure was assessed.  An additional 
limitation to the studies is the lack of information on physical activity in both studies and a lack of 
information on preexisting conditions in Crouse et al.  As a result, there is potential for unmeasured 
confounding. 
 
4.2.4 There is only limited evidence from copollutant models. 

As discussed in detail above in Section 4.2.1, the findings from Jerrett et al. suggest potential confounding 
by NO2, and other studies considered as key evidence by the draft Ozone ISA did not account for 
copollutants at all.   
 
4.2.5 Evidence does not support biological plausibility at ambient exposures. 

For long-term ozone effects, similar to short-term effects, the draft Ozone ISA presents both a figure and 
text outlining the studies that provide evidence of biological plausibility (Figure 5-2, p. 5-28).  EPA relies 
heavily on both short- and long-term experimental studies as evidence of biological plausibility.  As 
discussed above in section 4.1.5, the draft Ozone ISA states ozone can act as an pulmonary irritant and 
activate the HPA axis.  While notable that the draft Ozone ISA focuses on biological plausibility for the 
causality determinations, the evidence presented does not show a clear pathway from exposure to 
downstream effects (i.e., metabolic endpoints).  As discussed above, the experimental evidence from short-
term ozone studies do not provide consistent, sufficient evidence for biological plausibility at ambient 
concentrations.  The evidence cited by the draft Ozone ISA includes several of the key studies described 
above in Section 4.2.1.  The results from these few long-term animal toxicity studies were inconsistent and 
significant effects only occurred in the highest exposure groups (i.e., 500, 800, and 1,000 ppb) (Section 
4.2.1). 
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4.3 Conclusions 

The draft Ozone ISA indicates that there is limited evidence from epidemiology and controlled human 
exposure studies but that animal toxicity studies provide robust evidence of the effects of short-term ozone 
on metabolic effects.  While the evidence presented in the draft Ozone ISA supports the effects of short-
term ozone on glucose impairment at 800 and 1,000 ppb ozone, the evidence for ozone-induced effects on 
other metabolic endpoints is not consistent.  Evidence regarding long-term effects is limited.  Overall, the 
evidence presented in the draft Ozone ISA does not indicate that short- or long-term ozone exposure below 
the current ozone standard likely causes adverse effects on metabolic endpoints.  Rather, it is inadequate to 
address causation. 
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5 Evidence for associations between short-term 
exposure and cardiovascular effects and total 
mortality is inadequate. 

The causality determinations for short-term ozone and cardiovascular effects and total mortality were 
reduced from "likely to be causal" to "suggestive of, but not sufficient to infer, a causal relationship."  The 
draft Ozone ISA states (p ES-9): 
 

The evidence that supports this change in the causality determinations includes: (1) a 
growing body of controlled human exposure studies providing less consistent evidence for 
an effect of short-term ozone exposure on cardiovascular health endpoints; (2) a paucity of 
positive evidence from epidemiology studies for more severe cardiovascular morbidity 
endpoints (i.e., heart failure, ischemic heart disease and myocardial, arrhythmia and cardiac 
arrest, and stroke); and (3) uncertainties due to a lack of control for potential confounding 
by pollutants in epidemiology studies. Although there is generally consistent evidence for 
a limited number of ozone-induced cardiovascular endpoints in animal toxicological 
studies and for cardiovascular mortality in epidemiology studies, these results are not 
coherent with results from controlled human exposure and epidemiology studies examining 
cardiovascular morbidity endpoints. There remains evidence for ozone-induced 
cardiovascular mortality from epidemiology studies. However, inconsistent results from a 
larger number of recent controlled human exposure studies that do not provide evidence of 
cardiovascular effects in response to short-term ozone exposure introduce additional 
uncertainties.  (US EPA, 2019a) 

 
Although it is true the lack of coherence argues against a likely causal association between short-term ozone 
exposure and cardiovascular effects and total mortality, the lack of coherence also argues against a 
"suggestive" association.  Using the term, "suggestive causal relationship," implies that a causal association 
is more likely than not, when this is clearly not the case.  For example, as discussed in Goodman et al. 
(2014), there were a few statistically significant associations reported in epidemiology studies of 
cardiovascular morbidity and mortality, and these were very small in magnitude and likely attributable to 
confounding, bias, or chance.  In experimental animal studies, the reported statistically significant 
cardiovascular effects at high exposures were not observed at lower exposures.  Taken together, the weight-
of-evidence is not suggestive of a causal association between short-term ozone and cardiovascular effects 
below the ozone standards (Goodman et al., 2014).  
 
As indicated in the Institute of Medicine (IOM) report, Improving the Presumptive Disability Decision-
making Process for Veterans (IOM, 2008), in situations when there are multiple but inconsistent high-
quality studies, the appropriate conclusion is that evidence is "below equipoise"; a classification of the 
evidence as "inadequate" would also be appropriate.  The causality determinations for short-term ozone and 
cardiovascular effects and total mortality should be reduced to inadequate.      
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6 Evidence does not support causal or likely causal 
associations with other health effects.  

On page IS-86, the draft Ozone ISA states:  
 

Older and recent studies examining short- or long-term ozone exposure and several other 
health effects (i.e., nervous system effects, reproductive effects, cancer) are few or report 
inconsistent evidence of an association with the health effect of interest. For these health 
effects, there is often limited coherence across studies from different scientific disciplines, 
and limited evidence for biologically plausible pathways by which effects could occur. 
Other sources of uncertainty, such as limited assessment of potential copollutant 
confounding, are inherent in these evidence bases.  (US EPA, 2019a)  

 
Based on the limited evidence and sources of uncertainty, the evidence for these health effects should be 
considered inadequate, not "suggestive" of a causal relationship.   
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7 Conclusions 

There have been several improvements in the ISA process with regard to the review of the scientific 
literature on ozone-induced health effects, but several issues remain, particularly with respect to the 
literature search and study selection, study quality evaluations, biological plausibility evaluations, evidence 
integration, and causal conclusions.  More specifically, there are inconsistencies in the selection and review 
of evidence, and the reliance on toxicity studies that evaluate high ozone concentrations.  The ISA process 
could be improved by adding transparent criteria for assessing study quality in the systematic review and 
causal framework, as well as detailed methods for integrating evidence in a way that fully and 
systematically considers individual study quality and relevance, and considers the coherence of results 
across studies within and across scientific disciplines (see example in Appendix A).   
 
Although there is evidence supporting short-term ozone exposure and glucose impairment, this was only 
consistent for high exposures (i.e., 800 and 1,000 ppb).  At elevated ozone concentrations, different 
biological mechanisms may be activated that are not relevant to humans exposed to ambient ozone 
concentrations.  Overall, evidence for short- and long-term ozone exposure fall short of causal and likely 
causal conclusions for respiratory effects and metabolic effects, respectively, at ambient ozone 
concentrations.  While the evidence for short-term ozone exposure and cardiovascular effects and total 
mortality certainly does not support a likely causal relationship (as indicated in the draft Ozone ISA), it is 
not suggestive of a causal relationship, but rather it is inadequate to address causality, if not suggestive of 
a lack of association.  Finally, we concur with the draft Ozone ISA that evidence for other endpoints does 
not support causal or likely causal associations; however, like the evidence for short-term ozone exposure 
and cardiovascular effects and total mortality, this evidence falls short of suggestive. 
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Table A.1  Quality Criteria for Epidemiology Studies of Air Pollutants and Health Effects
Category Aspect Criteria for Higher Quality

Study Objectives Objectives/hypotheses are clearly described
Study Design Panel, case‐crossover, cohort, or nested case‐control study
Study Location Multiple cities
Sample Size Power calculation is presented to indicate sufficient sample sizea

Study Duration Conducted over multiple years
Participant Characteristics Characteristics (e.g. , age, race, sex, eligibility criteria) reported
Inclusion/Exclusion Criteria Clearly reported and consistent with study objectives 

Representative of the target population
High participation rate, not dependent on exposure or outcome

Underlying Health Conditions Ascertained by independent clinical assessment or self‐report of physician's diagnosis
Follow‐up Minimal or non‐differential loss to follow‐up
Pollutant Description Clearly described (e.g. , size of PM fraction) 
Pollutant Source Source‐related indicators evaluated

Utilized and compared more than one exposure assessment method
Used well‐established, sensitive methods:  Direct measurements of exposure or indirect measurements that have been 
validated

Exposure Window Assessed relevant exposure windows; multiple exposure windows investigated if relevant exposure windows unknown
Spatial Variability Sufficiently captured the spatial variability of the exposure

Exposure estimated from the closest central site monitor (limit of distance dependent on pollutant) or from averaging 
concentrations from multiple monitors, when only using monitoring data
Exposure estimated from modeling data with sufficient spatial resolution

Temporal Variability Used time‐varying or multiple lags of exposure estimates
Temporality Exposure occurred BEFORE the outcome
Blinding Assessors of outcome were blinded to exposure levels
Measurement Methods Used well‐established, sensitive methods:  Direct measurements of outcome or indirect measurements that have been 

validated
Clinical measurements:  Administered or overseen by medical professionals
Bioassay measurements:  Provided sufficient details to allow reproduction of the assay and quantitative measures of 
reproducibility

QA/QC Implemented and reported appropriate QA/QC protocols for collection, handling, and storage of biological 
specimens, if applicable

Ascertainment Medical records and insurance claims with ICD codes, cancer registries, or self‐reports of physician diagnoses on 
validated questionnaires

Adjustment of Acute Effects Adjusted for short‐term exposure if health effects of long‐term exposure were assessed by acute events
Time points of outcome evaluation are consistent with study objectives
Reported effect estimates for all a priori  lag times in studies of short‐term exposure

Outcome 
Assessment

Time Points

Study Design

Study 
Population

Recruitment/Participation

Pollutant

Exposure 
Assessment

Measurement Methods 
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Category Aspect Criteria for Higher Quality
Confounders Identified and adjusted for potential confounders and primary covariates (e.g. , temporal trends, meteorology, 

socioeconomic status, age, race, sex, medication use, smoking status, and other chemical exposures) 
Used valid and reliable measurements of these factors
Copollutant (two‐pollutant) modeling conducted
Correlations observed between the pollutant of interest and copollutants considered

Descriptive Statistics Summary statistics for the study population presented
Univariate Analyses Univariate analyses with pollutant of interest, covariates, and copollutants were conducted and results are 

presented
Multivariate Analyses Employed appropriate statistical models for multivariate analyses

Model assumptions were tested and satisfied
Multiple comparison‐corrected, if applicable

Sensitivity Analyses Sensitivity analyses were conducted and results were stable
Notes:

Bolded text indicates criteria that are not from the NAAQS framework.
(a) The ISA indicates that studies with large sample sizes are more reliable, but does not specify what is considered as a large sample size.

ICD = International Classification of Diseases; ISA = Integrated Science Assessment; NAAQS = National Ambient Air Quality Standards; PM = Particulate Matter; QA/QC = Quality 
Assurance/Quality Control.

Confounding

Copollutant

Statistical 
Methods

GRADIENT

\\CAMFS\G_Drive\Projects\219038 NCASI EvInt MS\WorkingFiles\NAAQS Framework Tables\Table 1 ‐ Epi Page 2 of 2



Table A.2  Quality Criteria for Controlled Human Exposure Studies of Air Pollutants and Health Effects
Category Aspect Criteria for Higher Quality

Study Objectives Objectives/hypotheses clearly described
Study Design Crossover design:  Randomization of exposure order and sufficient and specified time between exposure days to avoid 

carry over effects
Parallel design:  Control exposures (e.g. , clean filtered air) and all study arms matched for individual characteristics 
(e.g. , age, sex, race, anthropometric properties, and health status)

Randomization Assignment of exposure and control groups or the order of exposures randomized
Allocation Concealment Concealed allocation of exposure groups to research personnel, when possible
Control Exposures Included control exposures (e.g. , clean filtered air)
Study Size Power calculation presented to indicate sufficient powera

Participant Characteristics Characteristics (e.g. , age, race, sex, anthropometric properties, health status) reported
Control Subjects Matched to subjects in exposed groups for age, sex, race, anthropometric properties, and health status

Healthy controls used if effects of specific subject characteristics (e.g. , disease, genetic polymorphism) are of interest

Inclusion/Exclusion Criteria Clearly reported and consistent with study objectives 
Underlying Health Conditions Ascertained by independent clinical assessment or self‐report of physician diagnosis

Attrition rates low and similar between study groups
Loss, withdrawal, or exclusion of participants and reasons are adequately addressed and documented

Pollutant Description Pollutant under evaluation is clearly described (e.g. , size of PM fraction) 
Particulate Matter Mixture Included a composite measure of PM (i.e. , PM mass)

Used certain approach (e.g. , particle trap or filter) to assess effects of PM in a complex mixture (e.g. , diesel 
exhaust, wood smoke)

Pollutant Generation Methods for generation of pollutant exposures is described or referenced
Exposure monitoring Exposure concentration, temperature, and humidity are well characterized, monitored, and adequately controlled 

throughout the exposure period
Blinding Participants blinded to the exposure condition, if possible 
Delivery Methods Method of exposure (e.g. , face mask, chamber) is specified
Activity Level Activity level of participants during exposure was well characterized
Blinding Outcome assessors blinded to the exposure status of each group

Consistently assessed across study groups using well‐established, sensitive methods:  Direct measurements of 
outcome or indirect measurements that have been validated
Bioassay measurements:  Provided sufficient details to allow reproduction of the assay and quantitative measures 
of reproducibility

QA/QC Implemented and reported appropriate QA/QC protocols for collection, handling, and storage of biological 
specimens, if applicable
Time points of outcome evaluation are consistent with study objectives
Results are reported for all time points

Outcome 
Assessment Measurement Methods

Time Points

Study Design

Study 
Population

Withdrawal/Exclusion

Exposure 
Assessment

Pollutant

GRADIENT

\\CAMFS\G_Drive\Projects\219038 NCASI EvInt MS\WorkingFiles\NAAQS Framework Tables\Table 2 ‐CHE Page 1 of 2



Category Aspect Criteria for Higher Quality
Statistical Approach Statistical methods are clearly described and appropriate for the study objectives

Test assumptions were satisfied (e.g. , data distribution requirement, sparse data)
Multiple comparison‐corrected, if applicable

Dose‐response Evaluated dose‐response relationships (e.g. , trends across exposure levels)
Notes:

Bolded text indicates criteria that are not from the NAAQS framework.
(a) The ISA indicates that sample sizes less than 3 animals are considered less informative.

ISA = Integrated Science Assessment; NAAQS = National Ambient Air Quality Standards; PM = Particulate Matter; QA/QC = Quality Assurance/Quality Control.

Statistical 
Methods

GRADIENT
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Table A.3  Quality Criteria for In Vivo  Studies of Air Pollutants and Health Effects
Category Aspect Criteria for Higher Quality

Study Objectives Objectives/hypotheses are clearly described
Control Exposures Included appropriately matched control exposures (e.g. , to clean filtered air, time matched)
Randomization Assignment of animals to exposure and control groups was randomized
Allocation Concealment Concealed allocation of exposure groups to research personnel, when possible
Sample Size At least 5 animals per sex per study group per time pointa or power calculation presented to justify smaller sample 

sizes
Exposure Groups At least 2 exposed groups with different concentrations to allow for dose‐response evaluation
Animal Husbandry Animal husbandry (e.g. , breeding program, food and water, light and dark cycle, cleaning cycle, environmental 

conditions) details are reported and consistent across all study groups
Housing Conditions Housing conditions (e.g. , caging, bedding, number of animals per cage, environmental enrichment) are reported and 

consistent across all study groups
Monitoring and Handling Differences in monitoring or handling of animals by research personnel across study groups were minimized 
Protocol Followed OECD or similar guidelines
Study Conditions Compliant with GLP guidelines
Animal Characteristics Animal characteristics (e.g. , source, species, strain, age, stage, sex, weight, acclimation period) and time‐varying 

factors are reported and similar between study groups
Sex and Lifestage Included animals of both sexes and multiple lifestages and results for each group are reported
Attrition All animals accounted for, with any exclusion of animals or data and exclusion reasons adequately addressed and 

documented
Pollutant Description Pollutant under evaluation is clearly described (e.g. , size of PM fraction) 
Particulate Matter Mixture Included a composite measure of PM (i.e. , PM mass)

Used a certain approach (e.g. , particle trap or filter) to assess effects of PM in a complex mixture (e.g. , diesel exhaust, 
wood smoke)

Pollutant Generation Methods for generation of pollutant exposures are described or referenced
Exposure Route Inhalation exposure
Exposure Monitoring Exposure concentration, temperature, and humidity are well characterized, monitored, and adequately controlled 

throughout the exposure period
Delivery Methods Method of exposure (e.g. , nose only, whole body) is specified
Blinding Outcome assessors were blinded to the exposure status of each group

Consistently assessed across study groups using well‐established, sensitive methods:  Direct measurements of outcome 
or indirect measurements that have been validated
Bioassay measurements:  Provided sufficient details to allow reproducing the assay and quantitative measures of 
reproducibility

QA/QC Implemented and reported appropriate QA/QC protocols for collection, handling, and storage of biological 
specimens, if applicable
Time points of outcome evaluation are consistent with study objectives
Results are reported for all time points

Test Model

Study Design

Pollutant

Exposure 
Assessment

Measurement Methods
Outcome 
Assessment

Time Points

GRADIENT
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Category Aspect Criteria for Higher Quality
Statistical Approach Statistical methods are clearly described and appropriate for the study objectives

Test assumptions were satisfied (e.g. , data distribution requirement, sparse data)
Multiple comparison‐corrected, if applicable

Dose‐response Evaluated dose‐response relationships (e.g. , trends across exposure levels)
Notes:

Bolded text indicates criteria that are not from the NAAQS framework.
(a) The ISA indicates that sample sizes less than 3 animals are considered less informative.

GLP = Good Laboratory Practice; ISA = Integrated Science Assessment; NAAQS = National Ambient Air Quality Standards; OECD = Organisation for Economic Co‐operation and Development; 
PM = Particulate Matter; QA/QC = Quality Assurance/Quality Control.

Statistical 
Methods

GRADIENT
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Table A.4  Quality Criteria for In Vitro  Studies of Air Pollutants and Health Effects
Category Aspect Criteria for Higher Quality

Study Objectives Objectives/hypotheses are clearly described
Negative Controls Included appropriately matched control exposures (e.g. , to clean filtered air)
Positive Controls Positive control group was included, or justification if not required
Study Size At least 2 exposed groups with different concentrations to allow for dose‐response evaluation
Number of Replicates Number of replicates is reported

At least triplicate measurements utilized to address variability 
Study Guidelines Protocol followed OECD or similar guidelines, if applicable
GLP Conditions Conducted under GLP conditions
Test System Characteristics Test system characteristics (source, type, properties, number of cells) are reported
Cultivation and Maintenance Characteristics of media are reported

Conditions of cultivation and maintenance are reported and consistent across study groups
Pollutant Description Pollutant under evaluation is clearly described (e.g. , size of PM fraction) 
Particulate Matter Mixture Included a composite measure of PM (i.e. , PM mass)

Used certain approach (e.g. , particle trap or filter) to assess effects of PM in a complex mixture (e.g. , diesel exhaust, 
wood smoke)

Pollutant Generation Methods for generation of pollutant exposures are described or referenced
Method of Administration Method of pollutant administration is described and consistent across study groups
Exposure Monitoring Exposure concentration is well characterized and monitored throughout exposure period
Blinding Outcome assessors were blinded to exposure status of each group

Consistently assessed across study groups using well‐established, sensitive methods:  Direct measurements of outcome 
or indirect measurements that have been validated
Bioassay measurements:  Provided sufficient details to allow reproduction of the assay and quantitative measures of 
reproducibility

QA/QC Implemented and reported appropriate QA/QC protocols for collection, handling, and storage of biological specimens, 
if applicable
Time points of outcome evaluations are consistent with study objectives
Results are reported for all time points

Statistical Approach Statistical methods are clearly described and appropriate for the study objectives
Test assumptions were satisfied (e.g. , data distribution requirement, sparse data)
Multiple comparison‐corrected, if applicable

Dose‐response Evaluated dose‐response relationships (e.g. , trends across exposure levels)
Notes:
GLP = Good Laboratory Practice; NAAQS = National Ambient Air Quality Standards; OECD = Organisation for Economic Co‐operation and Development; PM = Particulate Matter; QA/QC = 
Quality Assurance/Quality Control.

Study Design

Test Model

Exposure 
Assessment

Pollutant

Measurement Methods

Time Points

Outcome 
Assessment

Statistical 
Methods

GRADIENT
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Table A.5  Quality Criteria for Experimental Studies of Air Pollutants and Health Effects
Aspect Criteria for Higher Quality

Consistency:  Repeatability of key events and effects across species/study designs
Magnitude:  Large, considering type of effect, background prevalence, species, dose range,  and 
exposure pattern
Essentiality:  Reversibility of effects if exposure is stopped or a key event prevented
Specificity:  Apical effect is likely to occur following key event
Temporality:  Observation of key events in a hypothesized order, before toxicity is apparent
Exposure‐Response:  Key events observed at exposures below or similar to those associated with the 
adverse effect
Biological Concordance:  Proposed mode of action is consistent with current biological knowledge of 
the toxicological outcome
Analogy:  Proposed mode of action is consistent with what is known for other related chemicals with 
a well‐defined mode of action
Relevant groups and life stages
Comparative developmental processes and their relative timing
Differences in ontogeny that affect dose metrics (e.g. , placental or lactational transfer, key 
metabolic enzymes)
Consequences of interaction of chemical with cells, tissues, and organs
Magnitude of exposure differences for observation of key events or apical outcome

Note:
Adapted from Boobis et al.  (2008), Meek et al.  (2014), and NTP (2019).

Causation

Human Relevance

GRADIENT
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Table A.6  Confidence in Biological Plausibility for Humans

Aspect Human Relevance
Inadequate Evidence for 

Human Relevance
No Human Relevance

Supports Causation in Test System High Moderate Inadequate
Inadequate Evidence for Causation in 
Test System

Inadequate Inadequate Inadequate

Supports No Causation in Test System High 
(Not Plausible)

Moderate 
(Not Plausible)

Inadequate

GRADIENT
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Table A.7  Bradford Hill Criteria for Evidence Integration
Aspect Explanation
Strength of Association Large and precise risk estimates are less likely to be due to chance, bias, or other factors
Consistency Evidence is stronger if consistent effects are observed among studies of different designs, people, places, 

circumstances, and times
Specificity Evidence is stronger when disease is specific to an exposure or exposure is specific to disease
Temporality Exposure must precede the occurrence of disease
Exposure‐Response Evidence is stronger when a well‐characterized exposure‐response relationship exists (e.g. , disease risk 

increases with greater exposure intensity and/or duration)
Biological Plausibility Evidence on the biological mechanism of an effect allows a scientifically defensible determination for 

causation
Coherence All of the known facts related to the observed association from the various evidence streams fit together 

in a coherent manner 
Experiment "Natural experiments" can provide strong evidence when an intervention or cessation of exposure results 

in a change in disease risks
Analogy Evidence is stronger when a similar substance is an established causal factor for a similar effect

GRADIENT
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Comments on

National Ambient Air Quality Standards for Ozone:  Proposed Action

85 Fed. Reg. 49830 (Aug. 14, 2020)

Docket No. EPA-HQ-OAR-2018-0279

Provided by Robert J. Paine, CCM, QEP and David W. Heinold, CCM

AECOM, Chelmsford MA

October 1, 2020

1.0 Introduction

The United States Environmental Protection Agency (EPA or Agency) establishes and implements
National Ambient Air Quality Standards (NAAQS) for ozone in accordance with the Clean Air Act (CAA or
Act).   After an extensive update and review of the scientific, technical, and policy bases for these
NAAQS, EPA recently proposed to retain them, without revision.  Our comments focus on how EPA used
air quality measurements and modeling to evaluate the adequacy of the current ozone secondary
NAAQS.  Based on our review of the Integrated Science Assessment (ISA), Policy Assessment (PA) and
the Proposed Rule that support the proposal, we have reached the following general conclusions:

1) The depth of EPA’s analysis for the ozone NAAQS is adequate for evaluation of the secondary
ozone standard.

2) In the wake of an August 23, 2019, decision by the U.S. Court of Appeals for the D.C. Circuit in
Murray Energy Corp. v. EPA on the adequacy of the 2015 ozone NAAQS and the lack of new
information that would substantially change the 2015 findings, the EPA Administrator’s
conclusion that the secondary standard should be retained is justified.

3) The ISA, PA, and additional information provided in the Proposed Rule all indicate that the
current secondary standard (as assessed using the seasonal W126 index) adequately protects
against ozone’s detrimental effects on plant growth, as well as the effects of peak short-term
ozone concentrations on foliar injury.

4) Based on information in the PA, the current 8-hour secondary standard provides similar, if not
greater protection, when compared to a 1-year W126 index level of 17 ppm-hrs, as well as a 3-
year W126 index level as low as 15 ppm-hrs.  These findings address the D.C. Circuit’s concern
that the target 3-year W126 level should be lower than the 1-year W126 level that is equivalent
to the current ozone secondary standard.

5) The lack of model validation studies, technical complications, and state agencies’ lack of
experience in how to deal with any new secondary standard using the W126 index would be
significant stumbling blocks for implementation of a W126-based secondary standard.
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2.0 Adequacy of EPA’s Analysis to Retain the Current Ozone Secondary NAAQS

A metric that EPA considered insofar as the level of the welfare-based secondary ozone standard is the
“W126 index.”  This index measures the cumulative amount of ozone to which plants are exposed over a
single three-month growing season.  As discussed below, the current level of the secondary standard is
adequate to address the issues identified by the W126 index.

The W126 index is the sum of weighted hourly concentrations, accumulated over a 12-hour daylight
period from 8:00 a.m. to 8:00 p.m., for a consecutive three-month period within the ozone season with
the maximum index value.  Figure 1 below, which was developed by EPA,1 is helpful to show how this
weighting factor in the W126 hourly calculation varies with the ozone concentration.  Based upon this
relationship, it is evident that concentrations at the current secondary ozone NAAQS of 0.07 ppm
represent a sharp transition between high and low W126 weights, such that the current secondary
standard is adequately protective of hours with high W126 weights.  Statistical and modeling data
support this approach, as discussed below.

Figure 1:  W126 Weighting for Hourly Ozone Concentrations

Considering the level of the secondary ozone standard, EPA cited several studies of the effects of ozone
on flora, fauna and climate.  In Murray Energy Corp. v. EPA, the D.C. Circuit held that EPA: (1) had not
adequately explained its decision to use an unadjusted three-year average of the W126 index as the
benchmark for the secondary NAAQS, and (2) failed to identify a level of air quality requisite to protect
against adverse effects from visible leaf injury.  Our review of the Proposed Rule finds that the
Administrator thoroughly re-examined these issues and, in light of available scientific evidence, correctly
concluded that the current secondary standard should be retained.   In these comments, we provide

1 Web site at https://www.epa.gov/sites/production/files/2015-
09/documents/w126_steps_to_calculate_revised_feb19.pdf.
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additional information that further supports EPA’s finding that the current secondary standard is
protective of the seasonal W126 index.

The PA concludes that the currently available evidence does not call into question the adequacy of the
current secondary standard.  This conclusion is strongly supported by the difficult W126 implementation
issues discussed below.  Taken together, the evidence supports EPA’s proposal that the current
secondary ozone standard is both protective of the welfare-based W126 index and a better option in
terms of implementation.

Table 4D-10 of the final PA shows the statistics for a 19-year period of 2000 to 2018.  According to PA
Table 4D-7, this corresponds to more than 8,000 ozone monitor design values not exceeding the current
secondary ozone standard of 70 ppb.  Additionally, there were no occurrences with a W126 metric value
averaged over 3 years that was greater than 19 ppm-hrs.  Furthermore, there were only 8 cases (or
0.1%) with a W126 index value averaged over 3 years that was greater than 17 ppm-hrs, and only 0.7%
greater than 15 ppm-hrs.   These statistics support the current secondary ozone standard as
appropriately protective of welfare-based effects on vegetation.

During the last review of the ozone NAAQS, EPA established a W126 index target of 17 ppm-hrs to
address tree growth.  An August 23, 2019, decision of the D.C. Circuit remanded the secondary standard
for EPA to either lower this target (and potentially the associated 8-hour standard) to reflect the use of a
3-year averaging period, or explain its conclusion that the unadjusted average is an appropriate
benchmark.  The draft PA’s discussion of leaf foliar injury in Appendix C (Section 4C.6, page 4C-21)
provides USFS biosite data to support EPA’s conclusion that the unadjusted 3-year average of 17 ppm-
hrs is an appropriate benchmark.  Based upon an analysis of 5,000 records, the data indicate only a
“suggestion of slight increase” in injury as measured by the biosite scores for “some records with W126
index values above 17 or 19 ppm-hrs (dry soil moisture category)”.   Therefore, assuming a similar
approach to that for the 2015 secondary NAAQS review, it is reasonable to compare the current
secondary ozone NAAQS at 70 ppb against single-year and 3-year averages of the W126 index.

Figures 4D-4 and 4D-3 of Appendix D of the 2019 draft PA (reproduced below as Figures 2 and 3,
respectively) show a scatter plot for the 2015-2017 period of the current secondary standard (x-axis)
versus the one-year and three-year averages, respectively, of the W126 index (y-axis) with points
colored by region.  It is not surprising, based upon Figure 1, that there is a strong relationship between
the secondary ozone standard and the W126 metric.  Note that the dashed lines take into account the
fact that actual measurements for either the 8-hour ozone concentration in ppb or the W126 value in
ppm-hrs are both truncated to integer values2.  Figure 2 indicates that the current form of the secondary
ozone NAAQS, which is set to a three-year average of annual 4th-high 8-hour values of 70 ppb, is highly
protective of a one-year W126 metric of 17 ppm-hrs; we note that there are only a few data points
above the W126 dashed line corresponding to that threshold.

2 Note that the reporting method for ozone monitoring (80 FR 65459, October 26, 2015) indicates that hourly
averages “shall be reported in parts per million (ppm) to the third decimal place, with additional digits to the right
of the third decimal place truncated.”  For example, a measured hourly value of 70.999 ppb is reported as 70 ppb.
The proposed reporting method for the W126 index involved truncation of any decimal places, so that 17.999
ppm-hrs would be reported as 17 ppm-hrs (79 FR 75353, December 17, 2014).
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Figure 3 shows that the current secondary ozone NAAQS is also conservative with respect to a 3-year
average W126 metric threshold as low as 15 ppm-hrs, with only a single data point above the
corresponding blue W126 line.  Therefore, the draft PA’s Appendix D plots provide strong support for
retaining the current secondary standard and also address the 2019 Court’s request that EPA adequately
explain why the unadjusted 3-year average benchmark is requisite to protect public welfare.

A peer-reviewed CAMx photochemical grid modeling study of a variety of urban and rural sites 3 notes
that a secondary ozone NAAQS of 70 ppb would generally be protective of a W126 index as low as 15
ppm-hrs.  That study also found that the locations for which the current standard provides less
protection with respect to W126 are in the western United States, where there are higher natural
background ozone concentrations due to such factors as stratospheric intrusions, wildfires, and
lightning.  This is likely because episodes of high ozone background potentially affect the W126 metric in
a different manner than the current secondary standard.   Thus, the PA’s Appendix D plots and the
CAMx modeling study provide support for retaining the current secondary standard and simplifying the
number of metrics to be tracked for complying with the ozone NAAQS overall.

In the Proposed Rule, the EPA Administrator describes a re-analysis of the statistical relationships
between ambient ozone concentrations and foliar injury.  The re-analysis findings suggest that while the
W126 index has been shown to be an indicator of tree growth, that metric does not emerge as a clear
indicator of foliar injury, which is related to peak ozone concentrations in conjunction with
environmental factors such as soil moisture.  Based on the limited exposure-response data, we concur
with the judgement of the Administrator that the current secondary ozone standard would largely
prevent foliar injury to a degree commensurate with a welfare-related ozone standard.

3 Nopmongcol, U., C. Emery, T. Sakulyanontvittaya, J. Jung, E. Knipping, and G. Yarwood, Greg, 2014. A modeling
analysis of alternative primary and secondary US ozone standards in urban and rural areas. Atmospheric
Environment. 99. 266–276. 10.1016/j.atmosenv.2014.09.062.  Available at
https://www.sciencedirect.com/science/article/pii/S1352231014007559.
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Figure 2: Scatterplot of 1-year W126 Index vs. the Current 3-year Ozone Secondary Standard Design
Value for 2015-2017 (reproduced from Figure 4D-4 in the draft PA)
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Figure 3: Scatterplot of 3-year W126 Index vs. the Current 3-year Ozone Secondary Standard Design
Value for 2015-2017 (reproduced from Figure 4D-3 in the PA)

W126 index = 15 ppm-hrs
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3.0 Problems with Implementation of a W126-Based Secondary Ozone Standard

The CAMx modeling study discussed above states that if there were separate metrics for the primary
and secondary ozone NAAQS, then a remedy for a non-attainment area for both the primary and
secondary standards would need to consider “a large array of potential emission control pathways to
reach air quality goals that involve local, regional, and national programs, as well as sector-specific
regulations.”  This and other issues as to why implementation of the W126 index for the secondary
ozone standard would be problematic were raised by several parties in comments submitted to EPA on
the 2015 proposed ozone NAAQS.  For example, the Washington Department of Ecology4 provided
numerous logistical reasons for keeping the form of the current secondary standard in lieu of a W126-
based index:

· Software updates would be needed for photochemical grid models and EPA’s Air Quality System.

· Procedures for New Source Review permitting using the W126 index would need to be worked out.

· Due to the complex weighted-average nature of the W126 index and the long period to be
processed for this index, if there is an exceedance of a W126 metric, it would be difficult to
determine a remedy due to the cumulative nature of the data used in the calculation.  If both
primary and secondary (W126 index) exceedances would need to be mitigated, then the strategy
would be very complex, and would involve complications such as elevated ozone background levels.

· Handling exceptional events and how they affect the W126 metric would be more complicated.

· States could have areas that attain the primary standard and are nonattainment for the secondary
standard.  There is no prior experience with nonattainment designations and State Implementation
Plan requirements for a unique secondary ozone standard.

Since 2015, EPA has implemented the results of new dispersion modeling tools5 for ozone New Source
Review (NSR) that rely upon the fact that the current primary and secondary standards are identical.
EPA’s Modeled Emission Rates for Precursors (MERPs) have been developed for these ozone standards.
This work would need to be totally redesigned and revised over a period of years (in conjunction with
the software updates noted above) in order for NSR permitting to be feasible with a new form of the
secondary ozone NAAQS.  Incorporating the current MERPs required photochemical grid modeling and
software changes that took several years to develop.  The modeling tools involved currently do not
process results for a W126 type of statistic.

To our knowledge, none of the published photochemical grid model evaluations specifically address the
8 AM to 8 PM and 3-monthly periods that are the basis of the W126 index.  Such evaluations are
important to address the success of a control strategy to mitigate a measured W126 index exceedance.

4 Comment to EPA docket EPA-HQ-OAR-2008-0699, available at https://www.ieca-us.com/wp-
content/uploads/State-of-WA_Dept-of-Ecology_03.16.15.pdf.
5 See, for example, EPA guidance at https://www3.epa.gov/ttn/scram/guidance/guide/EPA-454_R-19-003.pdf.
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