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Photochemical Oxidants (External Review Draft September 2019)

Dear AdministratoiVheeler

TheCharteredClean Air Scietific Advisory Committee (CASACjneton December 3-6, 2019, and on

February 11-12, 2020, to peer review th& P A lntegrated ScieceAssessment for Ozone arRdlated
Photochemical Oxidants (External Review Diiageptember 2019hereatfter referred to #ise Draft

Ozone ISA. The Chartered CASAC approved the report on February 11,2020 The CASACG6s con
responses $dargé duestionand enaividyabreview comments fromembers othe

CASAC are encloseduestions from CASAC membersto a pool of non-CASAC member consultants

and their responses are also enclosed. Major comments and recommendations are highlightkxvied

detailed in the @nsensus responstescharge questions

On overarching process issi,theCASAC strongly recommendbka the EPA consider restoring a
traditional interactive discussion procé@ssvhich the CASAC can interact directly with extereapert
panels, while alsokeeping the option of obtaining written respes from externalxpertsto specific
guestionsThe CASAC offers additional process recommendations ineitgew of the EPAGs Draft
Ozone Policy Assessment (PA).

Overall, the CASAQinds that tle Draft Ozone ISA, while providing useful reviews of many aspects of
ozone expsuresand human health effects idected studiesjoes not provide a comprehensive
systemati@assessment of the available science relevant to understandpublicehealthimpacs of
changes in ambient concentration®pbne. The CASACecommendthat thefollowing key points be
addressedin the final Ozone ISA:

1 Critically review, synthesize, andstussavailable scientific evidence drow changesipublic
heath effects @pend on changes ambient ozone exposureBhis is a cruciascientific tqic
for informing theOzone PA and should be thoroughlyaddressed in th@zone ISA.



91 Clarify criteriaused to select, evaluatgeight, and summarize sties; povidedeails of how
the criteriawereapplied to individual studiesnd what the results wer@ndexplainhow key
conclusionsverederivedfrom the results

1 Clarify the meaning and derivation sthited keyausal conclusions. Causal determirnatio
judgments wted n the DraftOzone ISA are ambiguous, and sometimes appear subjective and
arbitrary The meanings of the causiterminéion terms used should be specified (e.g., does
Acausal 0o refer to necessary c alseBBamdhowcausal s uf f i
conclusions e reached from the evidence presented should be madetexpii¢cransparent.
The CASAC recommersthat the EPA seek help from external expertelevant area.g.,
via the National Academig#o strengthen and clarify itsamework for causal infenece.

Turning to the parts of the Drafizone ISA, the CASACKinds that the Executive 8umary provdes a
concisesummary of key findings ithe Draft Ozone ISA, butthat the information summarized is
unclear in essential resps@hd does not accurately represent the totality of available-¢pugtity
scientific evidenceon health effects of changim exposures to ambient ozarnehe CASAC
recommads adding the folloimg information to the Executive Summary:

1 Summarize availablescientific evidence omow changes in public health effects depend on
changes in ozone lelge

1 Present summary results from aystengtic review and critical evaluation and synthesiis

relevant studies informatie about public health effects of changeszane levels, including

negative ones that have been omitted from the Draft OzoneASpart of this revew, dscuss

possibe confounding €.g., by region, season, month, year) in detaitj how it was or wasot

addressed

Discuss causal biologicalenranisms of inflammatin-related health effects

Summarize the results cbmprehensive @ntitaive uncetainty and sensitity analyses

showng how conclusions change for plabie variations in assnptions, interpretations of

terms, selection and weitjhg of studies, and judgments on which the conclusions depend.

= =4

The Integrated Synthesiss well as the Executive Summasiyould be revised taéhoroughly address
the precding points, and alst clarify thetreatment of wildfire contributions to ozoegposure, and
their implications for the National Ambient Air Quality Standards (NAAQ&hould clarify to viha
extentozore-asociated physiological effectspresent adverse health effects. It should provide fuller
and more accurateeerage of releantsdentific literature (including relevant methodological advesic
and nternational da and more balanced coverage ofaie@ studies and diterature on nonlinear
effects.

Appendix 1 should be revised to providdedailed discussn on the uncéainty associated witlthe
emissions inventory (by pollutantand source sectQr add natioal maps & countylevel emissions of
precursorsand discus their relative importander ozone formation; clarify the impact of intannual
variability and longeterm trends in meteorological effects on ozone design values; discuss
topographical effeston meterology, ozonedrmation, ad ozone transport; desbe grounebased
ozone lidar instruments aisatellite data; emphasize the importance of performingrpehensie
model performance evaluation when using regional chemical transport modeldi(igda
precursors)and clarify how exceptionaévents are accounted for in health studies and risk analyses.
Appendix 1 should discuss the shifting of ozone peancentrationsrbm summer to spring and fall that
is occurring in many parts of the cdoy) alorg with trends in ozone praursors. It should compare
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estimates from measuremdrdsed and modeliAgased approaches to understand differeands
redwceuncertainty inU.S. Background (USB) ozone estimateand shouldliscuss the 0zone degin
values that can result from USB.

Appendx 2 hould add information on the Air Pollution Exposure model (APEX) and Stochastic
Human Exposure and Dose Simulat{@EDS) models and further discuss ozone infiltration in
vehicles, as well as providing nextetaiked discussions of the uncertaegand vaiability associated
with the Consolidated Human Activity Database (CHADGooroutdoor (I/O) ratis to desabe
infiltration of ambient ozone into homesdbuildings andpersonal exposur@mbient concentration
(P/A) ratios Thefinal ISA shouldinclude more detailed disssions osummertime confounding of
ozone effects bgopollutants and the impact of exposure measunesrea on effect stimates in
epideniology studies.

For Appendices-3, the CASAC recommendsdt he final ISA should mordully and explcitly
addess chance, biaspnfounding and other non-causal sources of associationsin its analyses of
epidemidogy sudy quality; provide a more balanced and accurate suyofestudy result for each
healthendpoint(including availablgositive, negate, and nll results); appropriately compare animal
to human ozone doses when extrapolating animal exposysetetttal human risks; present dose
information inbiological plausibility discussions; include posure drations and exercidevels when
presenting resultsparticularly for controlled bman exposure (CHE) studjedarify comparisons of
responsiveness peope with and without preexisting conditions; clarify nmeaeasuredoncentrations
in summarzing stug results; and moreearly distingush between negative results (i.e., effeat$ n
detected in adequately powered studies) and absence of reffettis (@tlooked for). The final ISA
should discuss the sci#rt significance of conflicting at/or incansistent evidencd=or animal studis,
it should further discuss what is currgrithown about neeffect and loweffect concentrations and
comparabity of animal models to human diseasEsr epidemiological sidies, tle ISA should state
that varability and error in the vaables can lingé&ze C-R functions and obscure thresholds wéner it
concludes that epidemiological relationships between oanddelh effects appear to be linear-no
threshold (LNT), andt shoul apply appropriate tech@itmethod, including errors-in-variables
methods, (and encourage the epidemiological ecoumity to apply them) to address thistparar
concern If possible the SA should include these adjustments when applying epmegy GR
functions to their riskassessmés. The ISA should ddress the advstty and clinical significance of
important halth effects, such as changes in fasting blood glucose, and smsuidthat all relevant
information is included in the studiguresand tables. The CASAC findthat Figue 31 provides a
useful synthesis bknown and suspected biological pathways miagaozone respiratory health effects,
but recommends several rgmentsand encourages the EPA to inde both positive and gative
studies, as well as informat abouexposure concentratis,in presentig biologically plausible
pathways.

For the shorterm ozone effects on metabolic endpoittisdata do nojustify thefi | i kcauday 0
detemination ASuggesti veo ap piatadsignatiomForithe caasaymesigreatna p pr o
forlongtermozonee f f ect s on metabolic endpoints, the evi
deermination.Designation obzoneefecdc s on fertility and reproduct.i
also rot well supportedby the availal# dataThe CASAC recommends thateéke causality designations

and their rationalelse reconsidered imé final ISA.For shoritermozone expsure ad mortality, and

for shortterm ozone exposure and cardiovascaftacts,the CASAC recomnends thaadditional



studiesbe includedand that the casality determinations be reconsidered in light of eredditional
studies.

The CASAC comends thehorowghness of theanalysisof ecological effectsin Appendix 8 and ages
with its causal deteninations However, effectsfoozone on wildfe are not characterized. The CAS
recommends that EPA consider developing a research plan forraddel fortoxicology of ozone
exposure in warablooded vertebrates. Likewise, thd6AC commends the EPA fa@ontinung to
clearly charaterize and comumicate effects of ozone relateddiimate change in Appendix 9, and
agrees with the causal determioas in Apendix9, but recommends théte EPA consider
incorporating further reseeh to better define anguantifythe roles of ozone climate sciece.

The CASAC appreciates the expléoa of thel SA development process imPAppendix 10 and notes that
parts ofit (suc as the use of the PECOS tool) appear to be valuableanstitutean adwance on earlier
approacks. Howeer, asdetailed in theconsensus responses to the charge questions, it is not clear how
or how well, the approach in Appendix 10 wimsplemented, ashthe ley conclusionsand their

rationales in the Draft ISA are unclear to many expert reademachiew clearer ad more useful and
reliableresults, the CASAC strongly recommends that the EPA workthétNational Academies and
external experts in caal antysis, managem# science, decision analysis, and risk analysis to revise
and improve theuwrrentISA developmehprocess.

The CASAC aprecides the oppaunity to provide advice oithe DraftOzone ISA and looks forward to
theag ncyds response.

Sincerely,
/sl

Dr. Louis Anthony CoxJr., Chair
Clean Air ScientificAdvisory Commitee

Enclosues



NOTICE

This reporthas been vitten aspart of the actiities of theEPA's Clean Air Scientific Advisory

Committee (CASAC), a federl advsory committeandependently chartered to provide extramural
scientific information ad advice tothe Administrabr and othe officials of the EPA.The CASAC

provides balanag expert asssment of scientific matters related touss and problems€ing te

agency. Thiseport has not been reviewed for approval by the agend, hencehe contents @ this

report @ not repreent the viers and pokies of he EPA, nor of otr agencies ithin the Executive
Branch of the federal gernment. In addibn, ary mention of tade names or commercial products does
not constitute acommendatiofor use. TheCASAC reports e posted o the EPA wbsite at:
http://www.epa.gov/casac
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Consesus Respomses to Char@ Questions orthe EPAS s
Integrated Science Assessment for Ozone and Related Photochemical Oxidants
(External Revew Draft i Septembef019)

Executive Summary

The Executive Summary is intended to provide aisersyopsis of thekey findingsand conclumns of

the Ozone IA for a broad range of audiences. Please comment on the clarity with which the Executive
Sunmmary communicates the &y information from the draft ISA. Please provide recommendations on
information that should be dded or infamation thatshould be left fodiscussion in the Integrated
Synthesis and accompanying appendices of the draft ISA.

The key information providedn the EPAGs Integrated Science Assessment for Ozone and Related
Photochemial Oxidants (ExternalReview Drat i Septemhe2019) hereafter referred to as the Draft
Ozone ISA, and itsExecutive Summary is uncledoy at leasthe fdlowing reasons:

1 Ciriteria for selecting and weighting studjeendhowkeyconclusionsare derivedrom them, are
not dear. It is unclear howconclusions would @nge if consistent criteria were systercaity
applied for selectinggvaluatingsummarizing, andsynthesizing atdies.

1 TheDraft Ozone ISA andits Executive 8mmarydo not provide compre&msivequantitative
uncertainty and sensitiy analyseshowinghow conclusions change for plausible variations in
assumptions, interpretations of termgestonand weighting d studies, and judgments on
which the conclusias depad.

9 Causal determinan judgmentsare ambguous andsometimes ggear subjective andrbitrary.
TheDraftOzonel SA uses the term ficausal 0o thootd causal
distinguishing arong importantly different causal concepts (e.gcessarysufficient,
contibuting, and otherdrms of cauation). This makes causatatenents in the ISA ambiguous,
so that it is not possible to determine whether #regorrect.Severahon-CASAC member
consulants commented thdtfferent people mightakethedeterminatiosin very different
ways from the samelatg andthat theycouldnot guess, for any particular body of evidence,
which causal determination categdef?A would chooseto describe itBy this criterion, the
causal determinations dwt follow clearly from tle evidene presentedbut incorporate a
arbitrary (unpredictablgelenent.

1 TheDraft Ozonel S Aréasment of wildfire contributions to ozone exposarejtheir
implications forthe National Ambient Air Quality Standards (NAAQS), are unclear.

1 Itis undear to what extentthe ozore-associatd physological effects dscussd in theDraft
Ozone ISArepresentdverse health effects. This is crucial informaon for policy makers.

The CASAC recanmends addig the followirg informationto the Executiv&summary

1. Discus how changen public health effds depend on changes in ozone levEtss isacrucial
scientific topic for informing th&®zone Policy Assessment (PA).

2. Summarizeaesults foma systemat review critical evaluationof quality, and synthesisf
results from studiesinformative aboupublic health effects afzoneexposures, including
relevant studies that have been omitted from tBeaft Ozone ISA (e.g., Moore et al2012).
Include results frm relevantinternationabnd mehodologicalstudies (e.g.Vitolo et al, 2018.
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Present resudtof systematic evaluations ioflividual study quéty using consistently applied
criteriashowing how eachdividual study is evalugéed oneach specific qudi criterion (e.g.,
for epgdemidogical studies, antrol of observedresidual and latent comfunding;quantification
of exposure egtiation errors and uncertaintiegjjustment of effects gsates forerrars-in-
variables;quantfication of model ugertanty; adustment of repoktd significance levels iad
confidence levels ér model uncertaintycontrol for multiple testing biasjse of appropriate
control groupsand adjustment sets; tests for interralldity; tests for externévalidity and
invariant @usal pedidion). The CASAC recommendsaddingoneor moresummary dispays
such as that suggesl inpublic comments from Ddulie Goodman (one row per study, one
column per criterionpossibly colofcodedto show evaluations ofjuality) to provide insigpt into
thestate of theiterature and the stremigs and iimitations ofindividual key studies

3. For epidenmlogical studies, cusspossibleconfoundinge.g., by region, season, month, year,
day, population, exercise, and other differences) in detail, and how it was or v&anot addressed,
for individual epideniological studesand for the epidemi@gical evidence overall

4. Discuss causal biological mbeanisms of inflammatierelated health effectsnd treir
implications for biologicaly causalkconcentratiorresponse (C-R) functionsfor engpoints
including pulmorery inflammaion.

5. Present esults otomprehensive, quantitative wrtainty and sensitivity analysehowing how
conclusions change for variati® n inputs, includingselection and weighting bstudies,
aternative inerpreations of study rests, modelng choices ad assumptions, interptations of
terms, andudgmentsand assumptions on whiclenclusions depend.

I ntegrated Synthesis

The Inegrated Synthesis preents andsynthesizes theverall conclsions from th subsquent detailed
appenices ofthe draft ISAand characterize avalable scientific information on polieselevant issues.
Please comment on the usefulness and effectivenimsssahmary presentaton. Pleas provide
recommadations orapproaches thiamayimprove the communitian of key findings b varied

audiencs andthe synthesis of available information across subject areas. What information should be
added or is more apppriate to leave for dscussiorin the subsequeietailed apendices?

Thelntegated Synthesitas he following limitationsthatreduce its usetilness and effectiveness

1 Omissionof studiesMultiple readers of th®raft Ozone ISA, including seeralnon-CASAC
member consutants, need that it omitsnany relevanstudies, esgrially manythat donot
condude thatambientozone causesdvese health effects.

1 Literature on nonlinear fectsis not well coveredThe Draft Ozone ISA does not adequely
cove the recentscientific literature on nonlinea€-R functiors for ozoneFor exanple,p. I1S-88
statesh at € Pecentatdies that used variety of statistical methods to examine pos
deviations from linearityevidence continues to suppba linear C-R relationship, but with
less certainty inhe shape fathe curve atower conentratiors (i.e.,.b e | o W0 3®pThig . o
contrasts with a substantiaternationaliterature, disrgarded in théraft Ozone ISA, on
nonlinear GR relationshipge.g, Baeet al., 2015; Selzer et al.2018 Wilson € d., 2014).

1 Summaries of relevantérature are incanplete ad of questimable accuracyThe Draft Ozone
ISA does not provide a corgbe and accurate summary othe studieshat it citesFor examge:
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o Pag 391 of theDraft Ozonel S A s t aA recentGhildrants Haalth Study] CHS
andysis exanined adtmaincidence in reléion to improved air quality in nine southern
California communities (Garcia et al., 201Bgcreases in baseline ozone
coneentrations in three CHScohorts, enrolledm 1993, 1996, and ZIb, were
assotated with decreased astima incidence 0 However, Garciaet al. (2019) state that
AAmong children in Southern California, d
PM2sbetween 193 ard 2014 were significantly associatedith lower asthma indence.
Therewere no stastically significant asociations for ozoreor PMio. 0 ( @taal; c i a
2019 emphasis added.)

o Table33 on ASummary of evidence bewenleng-| i kel
termozonee x posur e and r e stipeistudy oMoorget &.(R008ast s O cC i
pro v i dkeyegdeit e 0 fI®9AO 4 heausal determination t
causal relatiortsip between longerm ozone exposure and respirgteffects.o
Specifically , Moore et al . Cansstert ederee of @aesse@tioro v i di n
between lmg-term azone concentations and hospital admissiorsnd[Emergency
DepartmentED v i s i t s Ydt doHow-apsmork by dMooce et al. (2@) noted
methalological imitationsof the 2008 pper (especially, that its results meve
resultedirom incorrect untesed nodelingassumptions, rather tan from information in
the data) and provided and applied an improvedme® d ol ogy ( A CMRI ERO
mockls forrealisticindividualizedexposure u | é\keay jesult was that the prieus
significant effect ofozane was nolongerfourd (Mooreet al., 2012). However, this may
have been due to the reduced power from reducing the dataset. This more recent p&p is
not mentione in theDraft Ozone ISA. The Draft Ozone ISA cites the 2008 results as
A k e yd eenvcie 0t naingthat tarauthors subsequentiyrived at a different
conclusion in the2012 paper.

o Table3-3 cites a study by Tegault et al(2016) asprovidin g i Kied/ e rafchi€obort
studies demonstrating associatiorwi t h ast hma deveTheQuament i n
Ozone ISA then ntergrets this, without any detailed explaioa, asiEvidence for a
likely to becausalrelationship between lonterm ozoneexposure ad respiatory
e f f e(Enpbases addedut it is notclear how or whethethe Draft Ozone ISA
consideredthe results ofsensitivityanalysegor theindividual studesit relies on for its
conclusionsin interpreting the Tétreauét d. (2016)stu d y Kay€viid e ncae 0 o f
Al i kel y traatiohskip ar lrom serssitive the resultingausaldeterminaiobnsare
to incompletey controlled confounding

1 Thesciencerelated to possible health benefits of reducing ozone needs to be more fully
addressed. The Draft Ozone ISA does nousefullysummarize, ocritically evaluate, available
sciertific information o whethe or to what extent reducing oze reduces public healtisks
Y et, thisis acrucial topic needed to inform policy disions about thepulic heath
consequences of alternatipessiblepolicy choicesFor example, e non-CASAC member
consultants were directly askdiCan valid determinations of manipulative or intentioral
causationi that is, how and whether changiegposire would clange heklth risksi be made
based on observed sxidions ofthe types aalyzed in the ISAMost who answeredsaid no;
none sal yes (see responses in Appernd)xUnless this omisen is fixed, the PAacksa
scientific foundation intte ISAfor predicing effects on public health of alternative palies



As mentioned above, thellowing addtions tothe Draft Ozone ISA ard Executive Summarare
recommended tomprovethe communiation of key results, analsothe policy relevancesaentific
validity, andmethodblogical integrity of the contenbeingcommunicated:

1. Summarize available empiriceMdence onhowchanges in pblic health effects depend on
changes in ozone lels.

2. Present summary results from astgmatic eview and dtical evaluation andsyrthess of
relevant studiesincluding negative ones that have been omitted frondth Ozone ISA.

3. Provide detailed discgsionof possibleconfoundingand how it wasr was noaddressed for
each study uskto suppa causal coclusiors.

4. Present rsults of systematic evaliations of study qualifyising consistently applied criteria,
showirg how each key stuly included perfoms m each specific quality criterion relevdnr
drawing valid causal conclusions.

5. Discuss ausal biologcal medansms ofinflammation-related health effectsreventable by
reducing current ozone levels.

6. Present comghensive, quantiitive uncertaintyand sensitivity analyseshowing howt h e sl SA 6
conclusons change for variations gelectionand weightiig of studies, modehg choices and
assumptions, interpretations of undefined and vague terms, and subjectiventstgmvhich
theconclusions depeah

Appendix 1

To what extent is the infoation presented in Appendik regardingsourcesprecursor enssons,and
measurerantand modgling of ambient concentrations, as well as modeled estimates of background
concerrations of ozane,clearly and acaratdy conveyed and appropriately characted2ePlease
comment on the tent to whit availabk informatia on thespatial andtemporal trends of ozone
concentrations at various scales has been adequately and accuteseiped.

Section 1.3 (Sources of U.S. Ozone ands Precursofspresents estiated natnal values for 2014/2017
National Emissions Inventory (NEI) emissions.Howewer, there is no detailed discussion on the
uncertainty associated with each pollutansauice sector. Sonme pollutants and sectors witle mwch
moreuncertain than otherFor example,oxides of nitrogen (NOXx) emissiors from eleatic geneating
units (EGUs) havelow uncertainty since they are typicattyeasuredby hourlycontinuous emissions
modeling (CEMs). On the other hand, other soursecbrs and pollutantsmaybe hghly uncetain. The
uncertaintis in the emissiors inventory(magnitude, spatial docation, and temporal allocation) should
be discussed for each pollutant and source sdotaddtion, it would be helpful to add natiohenaps
containing countyevel emssions br NOx, volatile organic compounds (VOCSs), carbon monoxide

(CO), andmethane (CHa) to show the variability across the country.

It is not clear if CH is included inthe VOC emissionsor not. The text should clearlstae if CHs is
included orexduded fran the VOC emissions discussedhis appendix Dueto the mportance of
biogenic VOC:s, this section should discuss the differences betweeBitgenic Emission Invatory
System (BEIS) and Model of Emissions of Gaes ad Aerosols from NatureMEGAN) modek that are
typically used to stimate bogenic VOC enissions In addition biogenic VOC trends should be
included to see the variability from yetryear and seasen-sea®n.



Section 1.4 (Ozone Photochemigfy should start with a discussionwhy theprecursor emissns
discussedn Sectionl.3(NOx, VOCs CO,ard CHs) areimportant for ozone formationAn overview of
the chemical mechanissihould bepresentedand important chemial reactionsshoutl be highlighted.
The relative importance @achozore precursor shald be discusserelativeto local ozoneformation
(both ubanand rural) in comparison tdJ.S. backgrounazone formation.

Sectionl.5 (Inter-AnnualVariability and Laxger TermTrends in Meteorological Effects on
Anthropogenic antl.S. Ba&ground Ozomr) should discasthe impacbf interamud vanabhility and
longer termtrends in meteorological effects on ozone design valnesidition this sectim stould add
adiscussion on the topographical effects m@teorologypzone fornation, and ozonetransport.

Sedion 1.6 (Measurenents and Mdeling) shauld discus gound-basedozone lidar instrumentbat
measure the vertical structure of ozone arahifly the mixing of plumes aloftA review of these
instruments and the@apabiliy shouldbe addedd thissection Thesection orfi S a t -8dsld Ranate
SensingMethods &hould include a discussion of the n@lROPOspheric Monitoring Instrument
(TROPOM) saellite datatha includes high resolution measurementsitrogen dioxide (NO2) and
formaldehydeThesectiono n  ¥iaAcds irRegional Chmical Trangort Moceli n ghauld discuss the
importance of performing a comprehensive model performance aealudten using regioral

chemical transport model$his evaluation shoulohclude arevaluaton of prearsorpollutantsto help
ensue the modetioes nothave com@nsating errors.

EPAGs 2016 Exceptional Events Rulndurakelehtotohe cer t a
excluded from the official design values when coneplaio theNAAQS. In some case identical

exceptonal evers can be trated differently in ane location vs. another based on how close the area is to

the standardn both locationspeople could potentialy beimpacted by adverse health effefstam

ozone, but the data issmoved inone locaibn and not the o#tr. The Draft Ozone ISA shoulddisauss

how exceptional ewents are ecounted for in health studiesd risk analyses

Section 1.7 (Ambient Air Concentrations and Trendsshould discuss the shifting of ozone lpea
concerrations from summeio spring and falthat is occurmg in many pats d the country (Blanchard
and Hidy 2018; Blanchard et al., 2019y addition, his section sould includea discussion onozone
precursor trends in addition to ozone trer&ecifially, trends in NOxVYOCs, and CO measurements
form natond monitoring retworks(AQS, nearroad NCore, and PAMS) should be included and
discussed.

Sectionl1.8.1 (Modelng StrategiesApplied to Estimate U.S. Background Ozpbegns with the

st at e mdatitibedfin/Seatin 1.2.2.1[U.S. Background] USB azonecamot bereliably egimated
using ambient matoring data because monitors can be influencetd 18/ emissions, including toth
relatively nearby emissions and interstael hemispheric transpart ozone produceddm U.S.

e mi s s Paorishset af§2017) and Parish and Emis (2019) have shown th&SB ozone can be
reliably estimated using ambiemionitoring data Althoughmonitors can be influenced by U.S.
emissions,tiis possible to accoufdr these influenceEstimates from measuremdrdsedappioactes
andfrom modelnhg-based approaches cae bompared to understand differences and minintinse
uncertainty in USB ozoneedimates



Emission controls have reduced oedn the Wited States to the extent that izkground ozone
contributes the majay of urbanozore concetrations, even omanydays when ozonexeeds the
NAAQS. Figures 1 and 8how edimatesof the ozone ddgn values that would be present in the
absege of U.S. or North Amecananthropogenic erssions.Figure 1 is from a modebdcuation usng
th e Aateangitivity approach(Jaffe et &, 2018).Figure 2 is developed froan olsenationd-
based apmach (Parrish et al., 2017; Parrish and En2ix 9) applied to the enél country. These tvo
mapsshowthat in the southwesteUnited States, backgroum czone levels are relatively high, close to
70 ppb. Section 1.8.2.1 discusses nevsB ard North American Background estimates, but allthiese
estimates are foseasonal meas. The EPA should also discuss the ozone design values that can result
from USB.

B 0 e
0 30 40 50 60 70 75 85 100

Figure 1. Annual 4th highest MDA8 O3 in ppb im0 North American backgroundé., with North
Ameilican anthropogenic precursor enisss set® zero) aveaged over 201014 froma GFDL-AM3
model simulation (Jaffe et al., 2018
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Figure 2. Ozonedesign valuesxpected from U.S. background (i.eitwlJ.S. anthropogenic pre@or
emissions séto zero) in ~ 2015 derived from obsations (DD. Parrishunpublished figee).

Appendix 2

Apperix 2 describes scientifioformation on expsure toozae and implicationsdr epidemiologic
studies. Tavhat extent is the discussion mettodological corsiderations forexposure measuremt
and maleling clealy and accuratelyonveyd and appropriately characterized? Please coemtnm the
extentto whichthe discussion regardig exposure assessment andittiience of exposure erran
effed estimaes inepidemiologic tudies of the hdth effect of ozone &s been adequatebnd
accurately described.

Section 2.3 (Exposure Asssment Methodg givesa high-level overview of fixeesite moritors, passive
and active pesonal samplers, spatiinterpoldion,land use regression as@atiotenporal modéng,
chemial transport modang, hybrid approaches, and microenviroantalmodelng. Thediscussioron
microervironmental modeling should inade additional information otine Air Pollution Expsue
model (APEX) and Stochastic Human ExposureciDose Simlation (SHEDS) models

Section 2.4 (PersonaExposurg discussesipdates to the @soldated HumarActivity Database
(CHAD), indooroutdoor (/O) ratios to desdlpe infiltration of ambient ozonmto homes and tildings,
andpersonal exposuambient concentratiorP(A) ratios where amdividual is exposd Additional
discussion shodlbeaddedfor ozane infiltration in vehicles since a large amount of time isn$pe
commuting.Also, a detailed discon of theuncertainties and variability assoaadtwith the CHAD,
I/O ratios, and P/A ratios shoule incluad.

It is statedin Section 2.5 (CopollutantCorrdations and Potential for Confounding

i Gi v e n mgobrity bf the dopollutantorelaion data aréow, confounding of the
relationshipbetween amtent ozone exposure and a health efflgcexposue to CO, S@ NO,
PMjo, or PM25 islessof a concern for studies of the health effects of ambient ozqumer
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compared with studiesf the health effecs related to exposure of other crigear pollutants.
When copollutant correlations dnegher duing the wam season, greatrisk of copdlutant
confounding exists. o

However, the summer is tiseasomwith the highest ozone conceationsand the highstozone
exposurethereforea greaterisk of c@ollutant confounding existnd shoulde accouted forin the
interpretaton of the epdemiological results

The final ISA should include a modetaileddiscussion of the impact of exparemeasuremergiror on
effect estimates in epidemagy studies Estimation errors typically lead to erestimates of low-dose
risks and undresimates of high-dose risks if the true causalR function has a thresholor threshold
like nonlinearity.Many sudies have lsown that bias or error in the exposuwroutcomeassignment can
cause the estimatedifunctionto flatten ad agear lineaeven if the trueC-R function has a well
defined threshal or other nodinear shage (Brauer et al., 2002; Co2018 Lipfert ard Wyzga, 1996;
Rhomberg et al., 201Wattet al.,1995; Yoshimura, 1990%tudies havelso shownthat exposue eror
can infact have complicaed effects ora health effect estimatéat are not capted by the
generalization thahe efectis underesthaed(Cefalu and Dominici, 2014; Gatdanet al.,2011; Jurek
et al., 2008, 2005; McGuinet al., D17, SoraharandGilthorpe,1994). Studes that have investigated
the effects of betteexposure estintas o health effect estimates (e,debel et al., 20@5; Hart et al.,
2015; McGuinn et al2017; Trenget al., 2006) have demonstrated tietre is o or little difference in
hedth effects estimates or width of confidence intervals lwiifferent (presmally better) exposure
estimatesin copollutant moeels, whichever pollutant is measuredwthe leaserror is most likely to
be ascribedhte positie effect.This pheaomenon hsbeendemonstraed by several groups (Carrothers
and Evans2000; Fewelet al, 2007; Lipfert and Wyzga, 1996is discussed irthe Draft Particulate
Matter Integratd Sience AsessmentyS EPA, 2018),andit makesinterpretng copollutat mockels
quitechallenging. Addressing this problemequires consideratisrof joint exposwe measirement errors
for each compoent.

The summay table provided in the EP®zone ISApreentationto CASAC on December 4, 2019
showingthe influence of expogre eror on epdemiology study autcomes (page 183 a very useful
summaryandshould be inaldedin Section 2.6 (Interpreting Exposire Measurerart Error for Use in
Epidemiology Stuks).

Appendices 3-7

Please comment on the idiéication, evaluationand chagacterizaion of theavailable scientific
evidencdrom epidemiologic, controlled humaxposure, toxictogical and a&sociate human expsue
and atmospheric sciences studaslthe appication of information from these steditoinform
causalitydetermirationsfor human health outcomes.

AppendicesJ present assessments of the heal#rsfdssociatd with shoriterm and bng-term
expoure to ozone. The discussion is angad by expsure duration, broad health effectsggasthma,
ischeme heart dseasegtc.), and scientfic discipline. Pleaseomment on the characterization of the
evidence withinthese chapters



Plea comment orthe portrayal and discussion of thlogical plausibility evidence presented in
Appendces3-7 and the exnt to wich: (1) theorganizationadequately captures tleairrent state of the
science with resptto potentid pathways by wich ozame could imprt health effects, and (2) as
currenty construced, inform causality determinations.

Study Qudity

The CASAC recommends #tthe BPA explicitly address chance, biasynfounding and other non-
causal sources of associations (e.g., historical trends, model misspecification, measurement error, etc.) in
their study quality analysis @pidemiology studies in tHeraft OzoneSA. These (in addition to
causality)are allpotential reagns foran epideniology study to observe ansacciation betwer two
varialdes (Zaccai, 2004) and therefore shitbbkmore exfiicitly consideredvhen presenting and
discussing study resulti addition, factors otherthan just copollutants shld be considred as
importart confoundersin the referened epidemiology gidies. To properly consider chancegsults that
arenot statstically significart should be indicated as sushen results are discusséidthere is a eason
why statistical sigificance maynot havebeen ahieved (eg., low sample sizg this should béncluded
in the discussion of the study resulffie general oncluson from thenon-CASAC member consultants
was that statistical signdane des needa begiven some consideratiomm addition b otherfactors
sud as patterns in the epiaeiology dat.

Accuracyof Presentation

The EPA should prodie abalancedsummary oflhe study resultor each health endpoint. Adequately
commuricatingavailablepositive, negative, and null results provideseful nformatian for further
documents intte Ozone NAAQS review.

In sectionsummaies, divergent rests should no be ignoredbut rather shdd be included in a more
nuanced summary oésults For examjpe, theArjomandi et al(2018 study did nofind anassociatn
betweenGSTM1 genotypeard ozoneinduced airwayinflammation. Howeverin the summargecton
for respiratory dfects in healthy ppulationsthis divergent finding was nancluded: TheDraft Ozone
ISAstatsst hat fi Re c e nrisistentvitn grévieus findingsear expand onobserved
interindividual variability in inflammatory repongs,providingadditional @idence that GSTMhull
individuals are more susceptibledponerelated infammatoy r e s pThis Satementis not an
accuratesummaryof the newly avdableresuts and shold acknowledethefindings of Arjomandi et
a. (2018). Similary, page 391 of theDraft Ozond S A st at e sednuimmbzertof ré@mh stdlies mi t
provide evidece of an association between lelegmnexposue to ozore and asthma development in
children  A&n overviewof the evidence is provided be&lo A recant CHS aralysis examied asthma
incidence in relation to improvear quality in nne sodhern California @mmunities (Garcia et al.,
2019).Decreases inbaselineozone concentrations in three CHS cahorts, enrolledin 1993, 1996,
and 2006, were asocided with decreased asthmancidenceo (Emphasis addedHowever, Gara et
al. (2019)state hati A moahilgiren in Southern California, decreaseambientnitrogendioxide and
PM2sbetween 193 and D14 were signifcantly associated with lower &asha ncidence.There were
no statistically significant associations for ozoeor PMio. 0 phdsisadded)

Further,information summarized from one sectimnanoher shoull maintain the accuracy amiiance
of the underlyig data. For example, iBectiors 41.16 ard 6.2.4.1the EPAstaes fASpeci fi cal
evidence from contrtdd human exposa studesprovided suppat for increased decrements in FEV
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andgreateninflammaory responses to ozone individuads with asthmahan in healthy individuals
without ahistory of as h mAlthaugh some studies have found that people agtnma have gresr
lung function decremats in response to ozone, compareddopie wthout ashma, other studies have
noted no difference in thewo populationsn response to or@ Therespiratoy chapter adresses this
point at length, and states thmeople with athma ae at leas as sensive aspeople without asthm@
lung function effectsof ozone Similarly, in thesummaryandcausality @terminationsection for long
termtotal mortality, the following statementontrasts with previous text atise overall conlusiors:

i T h & coheence across the scientific disciplines., animal toxcology, controlled human g@osure
studies, and epiemiology) and biological plausiliy for ozonerelated cardioascular (Appendix 4) and
respiratory (Appeniat 3) endpointswhichlend someadditional support to the ozormortality
relaionshipo T h mispadd repeatedly eantien theDraft OzonelSA that the clinical studies are
incongstent with regard tocardovasculareffects. This sentence needs to be reconsibad
harnonized withthe rest of the document.

The CASAC recomnmads thathe EPAcarefully reviewthe Draft Ozone ISA for accuracyThe EPA
should provide accurate stushformation & well as stdy conclusionshat are consistent with the
conclusions madey thestudy autlors (am if they are not consistent, the EP#osld exlain whythey
have a different int@retation d the resiisthan the study authgrOne methodor ensuringhat the
sumnarized informéon is consistently accurate is to use randpwoi-cheding for data &curacy, to
ensure that summaries refléehe sudy contusions, and to establish nsistency letweenchapers. The
study results presented iretméabolicchapter are pécularly errorprone.For example,

1 In Section5.1.4 (oveweightand obesity the BPA provides incorrect exposure inforrat for
the Gordm et al. (2016 study(animds exposedne day per week, not 4daysper week).
1 InSectin5.1.5.1 (Oherindicatos of metabot function inflammation), the EPA states that
fObesiy-prone mie (adut male KK mice) were exposed to ozooe 13 cosecutiveveekdays
[4 hours/day; Zhoget al. (D1 6 ) Joweder, Fables 57 and5-10 indicatethatthe exposure
was 3 conseadive days.Theexposure regimen idhong et al. (2016)as13 congcutive
weekdays.
1 In Section5.1.5.4 Otherindicators ofmetaboic function, serum lipids), thenformation
presented forthe Gordon et al(2016 study is inacciate The EPAstatesthafi The ef f ect
high-fat and highfructose diets was tested imale brown Norway  r iathesstody was done in
male and femalrats;i Wi t mee@asore (0.8 ppm ozoné days/weekfor 3 weels),01
exposure was 0.8 ppm ozone, S/dgy, 1 dayiveek for 4 weeks (subacutex@osure), or a single
0.8 ppm exposure fortars (aaute exposure) ; A F e neaefractery tav€hange the abstract
of the mpers a y emal@ Fats appeared totmere affectedhan malestoO3 r egar dl es s
1 InSecton5.2.5 (mé¢abolic syndome and typel ldiabetes), the Jeitteet al.(2017) effect
estimatesare incorrectffresented are 1.28; 95% CI: 1.06, 1ab%l 1.2095% CI: 0.96, 1.50 with
NO; adjustnenti should bel.18 (104,1.34) and 1.13 (0.97, 1.31)ttv NO. adjustmen.

DoseAssessment and Concordance

The EPA should appropridgecompare animalto human ozondoses when extrapolating animal
exposues to peertial human risks. The Population Exposure, Compason, Outcome and Study Design
(PECOS statenrentfor expemmental stidiesin Appendix 3(and on pp3-19 and 326) notes tlatresing
rats eyosed to 2 pprhave an equivalent ozone depositiorexercisng humans, ding Hatch et al.
(1994. The EPA shoud further discusshat there is aimilar alveolar dose ofozoneat equéozme
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exposureoncentrationsvhenhumans and ratsreboth & rest,and that a huamn with a ventilation rate
that is fivetimes hgherthan esting will havea5 times higher doseThis should be correctly noted and
Hatch & al. (2013) andMcCant et al(2017) (which describes this misconceptiost)ouldbe citel.

The EPA should alsqresentdoseinformationin their biologcal plausibility discussiorbecause of
concensabout dosa@lgpendent transitions toxicity: thatis, the pinciple thhatmechanisra oftoxicity
can change with different dosefa xicant(Slikker & al., 2004a, @Q04b) By incorporating dose (or
concertrationand time)informationinto thebiologicd plausibility discussions, the EPA will allow the
readerto judge wheter theras uncetainty in theapplication of a particuldsiological mechanism toan
ambient huran exposurelThe non-CASAC member consultantalsogenerdly agreed that, gzen that
the causality determination for metabolic effects of az® expoaure is matly derived from aimal
toxicological studies, it is appropriater the EPA to mae thaoughly discusshe dosimetric similarities
and diffeenesbetween animas and humans, beyonihgly referancdng Hatch et al(1994).

Clarity of Presenstion

The ERA should clearly pesentstudy information, results, and discussin each of theDraft Ozone
ISA sectbns, and should provide an accurate laddnced summary ofesuts. When discussg the
resuts from all studies, and particuladpntrolled human expsure CHE) studies it is important to
include the exposure duran (eg., onp. 3-26 when discussg concentrations at which airway hyper
respansveness has beeobseved) and the excise level of the participants (e.gin the integréed
syntesis wha discussingoncentations that cold geneateadverse effectsiihealhy adults).

Forthe discussinsaddressing prexisting conditions, th BPA should specifcally include and ad@ss
datathat provides information onesponsivenesd peoplewith theconditionconpared 6 people
withoutthe ondition (because thidirecly informspotentally sensitve subpopulations). For example,

1 In Sedion 3.1.6.2 the EPAaddresssrespiratoryeffects of ozonein people who are obese or who
havemetaolic syndrone. However, irdescrbing the study resultpaticularly of Yinget al.
(2016, Zhongetal. (2016, or Gordonet al.(20168, the EPA does rigiote whether therevas a
greater(or differeny) inflammatory response to ozone in the obes#bdic syndromeanimals
versus learmealthyanimals. Because thistinction seens to ke the purpse ofthis section,
thesepieces of information should becinded.

1 The EPA incldes sectionabout rapiratory effectsof ozone with exposure durinegnacy
(3.24.7) andn populations witthmetabolic syndrome (3.2.4.8% the purposef these sections
to show that thered anincreased response to ozone irstéyopulations? If 8, then the ER
shouldspecffically provide information and discuss whetliee datashowthat these groups are
more sensitive. As it standsyis conclusions notclear.

1 In Section5.1.4 (overwight and obesity)there is anixing of concepts thatis canfusing and
perhaps mikeading. Somne of the studies summarized here arevat#to obesity & a risk factor,
in other words, whether obesiag asubject chacterigic enhance ozame responsesupmonary,
cardiovascular (CV), or other De<riptions of tkese studies should Ipert of the dher chapters
in the sections discussisgngive subpoplationswith regard ¢ those outconseThe issue
being considemkin this section isvhether ozone altasrmetabolic functiosincluding body
weight, body massindex (BMI), body compositin, caloric intake, glucos metabolism, lipid
metabolsm, stress respioses, etcThe sentece in this paragraph starting page 512,line 12
describs what this section sbuld be abouti Re c e nt t stxiespravides gome a |
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evidence that ozone maypar metdoism and affet body weight, BMI, and ddy
composition,as well as effect[si] cal ori ¢c i ntake. 0

If possible the EPA shald avad makirg gatements that addes an unlikely conclusion, but thatced

addressing the coclusion of interest. éf exanple, in Section3.15 . 4 (| ung #&suomaduded on) :
thatindividuals with adtma wereat least as sensitiie acute effets of @one adedthyi ndi vi dual s
(Emphasis added). The conclusion of interéss whetherpeople with asthma arenoresensitive onot.

TheEP A @wmderlying conern abotipeople with asthma nat only that they will have aimncreased
innate respons® tozoneexposure lthough the da are unclear about wethereffects orung function,
airwayinflammation, or ailway responsivenesare geaerin ashmatic compaed withhealthy subjec)s
butrather thatpeople with asthmbkely have less of a buffagainsiadverse décts. This imprtart
argumentdeserve moreemphass when digussng the repiratoryeffects ofozoneexposure ompeople
with asthma.

The EPA ha descthed the exercise level key CHE sudies such as Schele et al.(2009 as a slow

walking pace, buSchelegle et a{2009) writet h a liis pfotdcol contains xi50-minute execise

periods with mnuteventilationmaintanedat 8 L/min/L of FVC (VE of aproximately 40 L/min) As

noted byFolinsbee et a[1983) and McDonnelkt al. (191), thislevelofe x er t i on dWtas 0606i n
simulatework performed during aay of heavy tosevere mnual lalor in outdoar labores. 6 ds T h
discrepancy in descriptiaof the exercise levedhauld be clarifed.

In Section3.21 (long termozoneexpogire andrespiratory dfects), the first pargraphincludesa
summary of the findingfrom the 20130zone SA. This sunmaryshould incluethe imitations and
uncertaintiesvhich at that time precluell adetermim t i on o f |ohgterm respidtay effeatsr

In Section4.1.8 (blood pressure ahges and tpettensior), when discussigmemergency deprtment
(ED) visits andhospital admssons (HAS), the EPAdescribes the studindings in thecontext of the
mean ozone concentratisrmeasured ithe stuly areas.Including meammeasured concentrati®im the
discussion of study results very helpful and would be avaluable adlition to other secions of the Draft
Ozone ISA.

In Section4.1.9.2(heartrate and hed rate variability) the EPA describes resuftom the Arjomandiet
al. (2019 studyasshowingassocationsbetwesn exposurand measured décts. However, Arjomandi
et al.(2015) is acortrolled and blinded experimeaaithumanexposure stugdwherethe subjects were
exposedo clean air and 2 conceatiors of ozone fo 4 hours, with interntient exercisewith heart rée
variablity measured éfore anl at intevals atter exposureThis paragraph should be revritten to
indicatethatthe chagescan reasoably be described &ffectsof the exposure atherthanassociagions

When the EPATtates that theris little evidence forozone impactig a paricular endpint, they should
clarify whether there is little evidendeecause studies hamet been donéo investigate ozoneffects on
that endpointor if the availablestudies do not show associatioror an effect of oane expsue. For
exampe, in Section4.2.2(long-term cardovascuar eff ects,biological plausibiliy) the EPA notes that

i H cever, cosiderable uncertainemains in how longerm @one gposue maylead to mortality
giventhat there idittle epidemiobgic evdence of an assciationbetween log-term exposured ozore
andother cardiovascular endposnsuch as IHD, strokey thromboeb o | i ¢  dhisstatemerg . 0
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should be clarid tospecify whether thestudies have ndeen done, af studies havéeen daebut
have noshown asociations

Consistency ofResuts & Reporting

TheDraft Ozone ISA would be strengthenetithe EPA dscussed the scientfsignificance of
conflicting andor inconsstentevidence An exanple ofinconsigent(or seeminglyncorsistent) resuls
comesfrom Section5.2.3 (long-termexposue, glucoseand insulin homeostagiwhere evidence is
presented fromthree studies (Milleet al, 2016; Gordon etl., 2013; andBass et al, 2013).These
studiestestedeffect of long-term ozme expodurein male ras. But theyshowdifferent efects: Basset
al. (2013) showed nahang in fasting glucose ih subchront exposure, but Milleet al. (2016b) did;
Miller et a. (2016b) showed decreased baseimsulin in sbchronially-exposed adi animals, but
Gordonet a. (2013) shoved no changin adut exposed animals, and increasesnsulinin senesaet
exposed amals. The EPAcould speak to whether there gratterrs in theseresults, or if the
differences are spous orrelated tostrain differences.

Applicability of Resuls from Animd Studies

Doseresponsiveness of effeafozone eposure inexpaimentalstudies can be used tdentify
relevant biologtal plausibility pathways and exposuspecific responsg and so should Warther
discussedn thosesections. Irparicular, estdlishingno-effect and loweffect concentitions for
endpointssuchas longtemm ozone exposurend lung function developmémvould ease the
extrapolationof resultsfrom animal txicology experimentso effects in humas at arbient
conceitrations.

In addition, informaiton about the comparaliii of animalmodels tchuman diseas ae useful in
extrgpolating results from aninhatudiesi such & informationabout howthe mouse modef allergic
airway deeasecompars to asthman humansAlso important isnformaion allowing the interpretation
of ex vivostudies, sah & experinents in isolated, péused heartsJectiond.1.4 heartfailure, impaired
heart functionand associatecardiovascular effects

Shape of theC-R Furction

As was digussed in taC A S ALdaview of the Rarticulate Matter ISA and PA, erors and
heterogenigy in epidemiobgy gudy variables can affedié appeent shapef C-R relationshis ard
can obscureiresholdsEvidence forthis has beenqovidedby many peereviewed publicéions
(Braweret al., 2002; Cox, 2018; pfert and Wyzga, 199&hamberg etal., 2011; Watt et al 1995;
Yoshimura, 1990)rad notédly by theEPA in the ISA preambl@J.S. EPA 2015 Section 6cp. 29):

fvVarious sourcesf variability anduncetainty, suches lowdai density in the lower
concentation range, possibiafluence ofexposure measuremeantor, and variability
amang individuals with respect to air pollidn health effets, tend tesmoadh and
dinearizedthe concentationrespase finction anahus can obsare the existence af
thresiold or nonlinear retéonship. Beause individual thréslds vary from persoto-
person de to indivdual differences sucas genetic difrences orqg-existing disease
conditions (andeven can vy from one timeo anoter for a given person), itan be
difficult to demonstatethat a tmeshold exists in agpulation study. These saies of
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variability and uncertainty may @lain why the gailable hunan dda at anbient
concentations br some envonmental pollutants (eg., PM, Oz, Pb, environmesat
tobacco smoke, radiatiorgo rot exhibit populationlevel thresholds for cancer or
nonancer lealth effeds, even though likelynechanisms inade nonlineaprocessegor
somekeyee nt s. O

The problendescrbed here isiot whaher a threshold in the datmayexist, but rather thaven if it

does exist, epidemiofly studies may not be cagdalof definitively identifying the thresbld. To address
this concen the EPA slould explicitly acknowkdge in théraft Ozone ISA that variabiity and error in
the variabls can linearize @ functions andbscure thresholds, dithis acknowledgement shioube
included inthose places where tli#PA concludeshat the relationsh beéweenozoneanda health
effect is Inearand has nohreshotl. The CASAC also recommersthatthe EPA begin to appl

methods (ad encourage the epid®gological community to agp methods) to addess this particular
concern, includig errorsin-variablesmethods. If possble, theEPA shouldnclude these typsof
adustmentswhen applying epidemioby C-R functions toheirrisk asgsments.

In Section6.1.7 Ehortterm ozone gxosureand mortalty, shape of the @ function), the ER states
that in the pevious ISA the aailablestudies shaed ro evidence ba devation from linearity or the
presace d a threshold foshat-term @one-mortality relatons hi ps . A Ho poegantomagte i
that the examination ohe ozonemortalty C-R relationships complicated byprevioudy identified
city-to-city ard regioral heterogeneity in ozonemortality risk estimates (U.SEPA, 2013. Recent
studies contiue to provide evidence aflinea C-R relatonship with no evidereof a threshal below
which mortalty effects do notoccur abng the digibution of ozoneconcentations olserved within the
U . STheEPA should provid informationin this sectiomoting whether the new studiesldresshe
consiceratiors of city-to-city or regional leterogeneity that weramncerns beforepr if this is stillan
issue. If itis, theEPA shouldstate it as such.

In addiion, some of theplots that age presented by the BPdo notvisually appear thelinear and do
appear to have a threst, such ashe Silvermarand Ito (2010) plot (Figure3-9), the Moolgavkaetal.
(2013 plot (Figure6-6) and theDi et al.(2017) plot (Figue 67). If the EPA thirks thatthere is so
much uncertainty at thewer endsof these cavesthat we cannot tit the apparemton-linearshape,
thenwe also @nnottrust that the shapes linear, and o conclwlsionsshould be dawnabout shapat low
cone@ntrations

In additian, the Draft Ozone ISA does not adequately coviiae recent scierific literature on norihear
C-R funcions for ozoneThis indudeswork by: Bae et & (2015)whorepor t t le@mdan @G T h
concentration did notiffer greatly between Korea drdaan, whid were 26.2 pip and 2.2 ppb,
respectively. Seveout d 13 citiesshowed better fits faihe spline moel compared with the leer
model,supmrting anon-linear relationships betveen Oz concentration and mortali ty. All of the 7
cities showedJ or U shapeal associationsuggesing the existence of threBolds. The range bcity-
specific threshlols was from 110 34 ppb.The city-combined analysisalso shaved a nonlinear
associationwith a threshold around 30-40 ppb. Emphasis added); and/ilson etal. (204) who
reportthat, &en in modeling that consiins oone GR functions for mortality tdoe monotonic
(disallowing dshaped olJ-shaped elations suclas those mgorted by Bae etl., 2015), iWe then
examine the syneigic effect of ozone ahtemperaturéboth nationally andbcally andfind evidence
of a nonlinear ozore effectand an ozonéemperature intaction at higher tempatures and ozoe
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conen r at (Emphais added.)The draf ISA reports the nonlinear ietaction from this studyp. 6-
12) bu does not mentiothe fievi denceozané& @ chomwl i near

Interpretation of Study &sults

TheDraft Ozone ISA should add¥ss the adversy and d¢inical sgnificance ofimportant hedth effects
such as changes iadting bl@d glucoseresented n Section 5.1.3 glucose and inglin homeostasis)
In addition, indusion of the significace of relatioshipsbetween differentactors identifed inkey
studies would help clarifythe corlusions that can be drawn. Fotaanple the significarce d the
relationship between newanset astma and ozonin children with various genetic variant$Séction
3.2.4.1) theassociation betw@echangesin heart rateor blood pressue and ozonen peopk with mood
disorders $ection 41.16), ortheincreasef inflammabry mediators irepiddymal adpose(Section
5.15.1).

Completenss of Study Information

The EPAshoul ensure that all releainformationis includedin the gudy figures or aldes. For
example in Section3.1.10.1 §horttermrespiratoryeffects,copollutant confounding)the EPAnotes
that they povide study-specfic details in the talgls in Sedon 3.3. However, the informeonin those
tables dmotincludethe effect estimates forthe copollutant models, only fdhe singlepollutant
modds. The BPA should include theopolluan effect estimads in hese tablesor in the text or figtes
of this setion. The latter wouldbe preferable, Bcause bthe importanceof consideing copolutart
confounding. Similarly fothe result that conisler confounding by aeroallergens$n addition, Table 57
does notinclude allof the information abduhe Ramobetal. (20195 studyi only onerat strainis
included anchottheeight that were teste, ard only one of thehreeozane doses is inaded.

Causlity Determinatiors

For theshortterm oone effects n metalolic endponts,the caisality deteminationof Alikely to be
causal0is not warranted The studies oén do notiind consistat direction of effecs on the measured
endpointsi if biomarkers change in dferent directions irdifferent expeimerts, des thamatter fa the
EP AG s c a tesnmation®nygeneralthis causaliy determination is driven byhe animal
toxicology, which is largely limited to rodents. Ttamimal data on glwseandinsulin dfectsseem to
be faily robug, bu the extrapolationof the firdingsto humans is in qgstion. The epidemiologita
evidence g sparse and inconsistent, thiout any gidence of everse clinical outcomes related to
metalwlic effects.Theonly human clinicd study (Milleret a., 2016a)showed no #ects a insulin
levels or homeostatic modelssessment for insulin resistar(EEOMA-IR), but did find acute in@ases
in stress hormoesin response to ozone exposutas asyet unconirmed. While theanimal sudies
provide plausibity, the sparse eégemiology and human chical data do not justiy  t kheel yAd i
det er mi n a ttiveoappearditShe mayecappriate.

Overall forthe causality designatiofor longterm @one effect on medboic endpoints there is limited
epidemiologyevidenceand thosedat arenot dear-cut. For examplesomeasso@tions are lost with
copolluants added to thenodels or copollutarts arenot assessed, study quality waslgrassesseth
one of tle six @idemiology studes cited in Table-8, and atleast one othe study qality detalsfor
that study irthe Health Assessment Workspace Collatioe (HAWC) wasincorred. The animal
evidence is nt always summarized correctiynd showsomewlat inconsistet resuts. It dees
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consistently showmeffect at lower @aoneconcentations (025 ppm), and all 3 of tk cited animal
studies were conductéd whole or in parby the sane group ofiuthors As with the shorterm
designatio, the evilencedoesnot justfy thefi | i kdetérngirtation.

For oone andeffects on értility andreproducton, the effects of ozon®n male reproduction are based
on little data (inconsistat epdemiology studes, one amnd study), and the EPA statés female
reproduction thatfi | condusion, esults from epidemiolgic studes are mixd, with benéits and
detriments to female repmuctive function with ozone exposuregile toxicologicalstudesshow
limited evidence beffects on successful comptat of prgnancyd T h e it is hobcleawhy the
EPA has desigatedfertility and reprodictionas i s ivg dycausdlityd The CASAC suggests that
this causality degnation should be i@nsderal by the ERA.

Study Irclusion

Section 10.3.1.4study selectim: full-text evaluéion of studiesyelevance)ndicatesfi i instinces when
afcaal ©l ok belaga utsa | 0 ipwak @nciudechis the 2013 Ozone I8A., shortterm
ozoneexpasure and rgpiratory aml cardiovascular effectsnd tdal mortalty, andlong-termozore
exposure ad respiratory effectsjhe epdemiologicstudies evalated for hoseoutcomes were more
limited in scope and targeted towastsdy locations thaincludeU.S. airshds or airshdsthat are
similar to those faund in theU.S., & reflectedn the PECOS tob .Tlie rationale foli miting
epidemiolog studies inthese catgories of causality isé emphasize the studies most relefanpolicy
in addresingpossble changsin the NAAQS. This is reasonable f@utames detenined tobe causal
or likely to be ausal The problem ishat, inthe Draft Ozone ISA, for shortterm total mortality and CV
effects, the causality determinationsre downgraded fronti kelyto suggestre, based onhe studies
reviewed in theDraft Ozone ISA, which were linited asindicatedabove. Part of the tianalefor
downgdng these casality deeminatons was continuglimitations in the epidemiologicalelence.
An openquestion isvhethertha causalitydetermination would have beemwngradedad all the
evidene been consideredThis needs to be aggssedn theDraft Ozone ISA, with a broadning of the
epidemiolog review criteria, and rassessment ahe strength of the causalirelatiorship for these
categories of health effectBhe EPAhas providedh listof the studiesof shorttermozone expsure ad
cardiovasalar morbidity and morality that were excludeftom the ISA reviewbecause of the
geographical location of the sidy. The CAAC recanmerds that these studies be inckalin theE P A0 s
reviewand tratthe @usalitydeterminations foshat-termozone expose ard motality, and fiort-term
ozone exposurand cardiovascular effects, be readeged with these additionatudies apart ofthe
literature set.

Additional studies forinclusion:

1 The conmens in AppendixB and other commentgceivedirom thenon-CASAC member
consultats andhe public identify same omitted relevant studies (e loore et al.2012).

1 Page3-14, lastparagraphadd Frampton et al(2015 to the listof new stidies of lung funtton
effectsin therange of 106800 ppb.This sudy includedboth glutathicme-S-tranderase M1
(GSTM1) sufficient and null subjects antd@wed no effects of GSTM1 gene statas lung
functionresponses.

1 Vitolo et al.(2018, whoinvestigate the associatis between rortality and air pollutionn a
large qudy d the Uhited Kingdom using éBayesian netwadk graphical model and big data
techrologies while considering topographglimate, andegonal effects.
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Biological Plaudbility

The CASACencouragsthe EPA to includerelevant positive and negate key studies whenmapping
biological plausildi ty pathwaysas well as information about pgsue concentrations.

In Section5.1.2(shorttermozone metabolic effectbjological phusbility) the EPA needso
distinguish better between sheterm and dngtermeffects ofozone on ratabolism. It sens thatthis
sectionis attributingshortterm ozone exposures to diabetes developméuit how shge peaturbations
will predisposeo chronic disease needs more discussion. Similarly, an importanguestion is whether a
brief stress respase, in the absenod symptomsor other consequences, constésan adverse health
effect. This couldeconsideeda physidogical response to a vaty of stimuli. For exampleit can
occurin response to exercise.

Figure 31 providesan exellent syithesis of known ansuspectediblogical pathways mediatingzone
respiratory health effects. Some gegions fa further rdinemert:

1 Altered hearthythm is included here, whth is obviousy not strictly a respiratory response. But
other nonrespiratoy links are not inclded herehat ae consequences afitonomic nervous
system modulation and stresegonsesinduding systemic inflamm#on and netebalic
processes. This sesrtobean inconsistencyThe CASAC suggest remonng altered heat
rhythm from Figure 31 for consistency.

1 Impaired host defense is sholimked solely with oxidative stress, btltere is ®idence forother
likely contributing pahways, including airwaynjury, morphdogic airway changes, and stress
responses (evatedcortisol). The CASAC suggest moving thisbox onecolumn to the right,
ungraup it from morphologic changes andatic respnses and sbw as one of the downstm
effects.

1 The pathway indiating that @renal effets mediate airway injury/inflamntian isbased on a
single study in rats (Miller etl., 2016). This finding rus cainterto physiologic expectations
(aderal-medidedstress esponse would be expectidoll ow acute inflammatioimjury, not
mediate it) ad there is no evidence to supihatthis occus in humans. Without further
corfirmation in additional studig orotherspedes, or support of this tedionality in humans,
the CASAC suggest making this line dotked.

Additional Commentdor Appendices 37

3.1.4.1.1.ZLigarette Smoking, P. 3-18. This section summarizes the Ba&tsl.(2014) studyas
showirg similar lung funcion responses betweesnmokers ad nonsmokersand indicates that this
finding differs fran previousstudies. Butthe smokers in the Bed study were soalledii | iog ltstmo k er s
on average smoking abohdlf of apack per dayppd) for 6 years for a total of 3 paclears.This
likely explansthe difference from prior studiegvhich involved subjects wlit greater tolacco use, and
this should be noted the sunmary. Far examplejn Frampton et a1997), oneof the studies
demonstratingignificantly reduced lung functiorffectsin smokes compared wh neversmokers,
only snokers of at least 1 ppd faa mnimum of3 years were included. The mean paelars of
smokingwas 12.8It should also be noted thathike ozoneinduced lung functin decrements are
attenuated in smeks,lung inflammaton is nd (Torres et al.1997) andoxidative stress may adlly
beincreasedVoter et al, 2001) This is an exapleof a stuation wtere adverse respiratory effects
ozone may be occurring ihe dsence of lung function changes.
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3.1.4.2.2 Animal Toxicological Studies, p. 323. Symptoms by definition are s&lreported, and animals
are obviouslyunable to reporsymptoms. t should I more clearly pointed out hetteat symptoms
cannot be assesd in studies of rodents. Cough, oryaather changen respirabry status, when reported
by an observer, is a sign @nobsevation, not a symptom. It isnly a symptom Wwenreportedby the
individual experiencing it.

3.14.4 4Integrated Summary for Respratory Tract Inflammation, Injury, and Oxidative Stress,
P.3-38, line 2.  C h a BVgodo iiFV/E.0 FEV: is affectedby chargesin both volume (FVC,
restictive) and airvays olstruction (FEVW/FVC).

3.1.5.4.2 Animal Toxicobgical StudiesP. 346, line 8 fiThese effects include sensory gndmonary
irrita t i o n édistindlitndnere betwedinens or y 0 v s i patioh coes moientake dense.r r
Pulmonaryirritant respones have major senspy components. This phrase appdarbe taken straight
from the Harsenet al.(2016 abstract, but theerminology used in thaabstract is not refleate of
airway physiology. Semsy vagatmediated inputs are importamiroughout theaspiratary tract. The
upperlower airway distinctiorhere is incorrect, and igrelevant to the point being made in this
summary. The Hansen etla(2016) study examinepulmonary outcomes, not uppairway reponses.

Table 4-4. The study by Frnapton etal. (2015) did notassesgeft ventricular developpressure
(LVDP). The cardia fundion outcomes were cardiac indettpge-volumeindex, andeft ventricular
ejectiontime. It is perhaps worth nmtioning that thesemeasures were obtained via iegance
cadiography, ratter than directly or via echocaadjraphy.

Table 4-19. The stidy of Rich et al.(2018 measuredystolc bood pressure (SBP) as well agliastolic
blood pressure(DBP).

Table 4-26. This talde should nclude Frampton et 2017, which examined anumbe of coagulation
parameters, witbut significant effects.

Table 4-29. Add Frampton et a{2017) hereaswell.

5.15.2 Liver Outcomes, p 514  fAté&phase liver proteins, suas[C-readive proteirf CRP, can act
as sensar of liverfunction.0 This is not accurate. Ris made in th liverand is a marker of syamic
inflammation. Its production is idkenby inteleukin6, released by =mariety of cells during
inflammation. Alhoudh CRP B produced irthe liver, it is not onsidered dinically usefu marker of
liver function.

5.15.3.4 Summary, p. 517.A E\Vatedcirculating stress hormones are sstently olsaved in aimmal
models ad incontrdled human exposure studieliea shortterm ozoneexps ur e. 0 T Hii ¢
single human controlked exposure studyln addition,thelast sentence of this sunmary satement
(AThus, ne uesadivatibroiscessentl & the degelopment ofadverse metabolic outcomes
after shortterm ozoneexp s ur e . 0 ) road and movomplekely sufpored by the descréd
(adrenalectmy) studies.
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5.1.5.4SerumLipids, p. 5-18. The description of thel@net al (20169 studyis unclear, anit seems
incorrect. According to thabstact, his study deals ith changes in lung factionandnasd
inflammaion among schoolchdren.Was tte reference intended to beeStet al. (2016097

5.1.8.Summary and Causdity Determination, p. 5-23.Ketone bodies agfbiomar ker 06 of di a
notaccurde. Ketone bodies are alsd@marker of staration or consumirg aketogeniqlow carb) diet.

It is more accurately a markef metaholic stress or perturbation witkegads to ducose utilzation.

Ketone bodies inease with diabetic ketoacidgisand carbe considered a marker of treatute

condition, but rot of diaketes in general. Transient eddion of ketone bodies does nokanaperson

has or will get diabetes.

Table 5-1. fiConsistene p i d e mi o | o gsinapprapnate dieen theesoonly onestudy
supporting it.

Table61.Un d e r  fiidé en \ctleedstatenent is madéhat i A n iicolagical and controlled
humanexposue studies do not provide consistavidence dé potentialb i ol ogi cal uplgt hway
the experimental aninhavidencefor CV effects is fairly robust and convincirigg wasmostly tre

inconsistency in the humatusies and the relative lack &V morbidity studies that led to the chgm

in causaty determiration.

7.2Nervous sysem effects. Apparently incluéd n thisare the effects on the pulmonary irritant
receptor/aubnomic paways that are wekstablishd pulmonary effects in both animsand humans.
Consideration should bevgnto sepaating this,and having this sectianclude effects beyond the
pumonary iritant response loop, perhaps limiting it taiby cognitive, ard behavioral effects.
Otherwise tis categorwould be considedcausal based on the known local pulnasy neurolaical
effecs.

7.2.2.7 Summary and @usality Determination, p. 7-42,line21, fAr eproducti veo ef f
presumably bé& evouss y s t Heni®here.

Appendix 8

Pleasecomment oithe identificatian, evduation and characterizadn of theavalable sientific
evdence from studies of @logical effects of ozonand the application of information from these
studies, as esentedin Appendk 8, to inform causality deteinations forthese welfare oabnres.

Determinations are maa@dout casation by ewaluating evdence across scientifigsdiplines and are
based onydganents 6 consistency, coherenemd biological plausility of observeceffects,as well as
related mceatainties.It is noted thatite Draft Ozone ISA uses a formd causal famevork to classify the
fweight of the eviden@eusang a fivelevel hierarchytha charaterizes the evidence that forms the basis
of cawsality determirations for welfare effect cagern e s  ausal ralatidnship r aflikely to be

causalred t i o rosdbscripeginstancesvherea causality deternmation has changefl i . &elyto Al i
becausal 0 changed t o fidienttognteeas a us al of eOtletit onehi paj
relationshipsetween ozone antelfaree f f e ct s i riwe lofubd wot séffciangtgiebsr 6 and

Ai nadéquat e
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There are 12 causality determations forecological effects of ozone that are gengralganized from
the individualorganism scaleotthe ecosysta scale presentad Figure ES5 in theDraft Ozone ISA.
To sunmarize hefindings of the 2013 Ozone ISQU.S. EPA, 2013), five are caudaelationships (i.e.,
visible foliar injury, reduce vegetaion growth, relucel crop yield, reduceproductvity, andaltered
below ground biogeochemical cycles), anavo are lkely to be @usal relatonships (i.e., raesced cabon
sequestratioand alterd emsystemwater cycling). One of the endpoints, altevatf terrestrial
community composition, has wdbeen concludd to be d@icausakelationship wherein the 2018zone
ISA this endpait was clasiied asfiikely to be casd.0 Three new endpoint cagoiies (ie., increased
tree mortality, alteration of hieivore growth andreproduction, alteration oflgnt-insect sgnaling) not
evaluated in the 2013 Ozone ISA aadl determinedto havea fiikely to be causalelationship with
ozone. Planteproducton, previotsly considered as part of the evidence fomghceffects is nov a
standalone causal relatiship as illustated in Figure ES.

Visible foliar injury fran ozone egosue has ken well chaacterized ad documentedver decades

involving manytrees, shribs, herbaceous and crop species in usinglbathtem field gudies and

laboratory approaclseEven more @écent experiment&vidence continues to show csistent

association béween visibé injury andozone exposesup por t i ng dondh c ptiveeh d&zone el a't
and visible foliar injury. Consientwith the 20130z one | SA, t lelat € o irbstkegnp 0 c a u <
ozone andeducedp | ant gr o wshlhelatanshid p @ et ezane ad reduced @p yield and

qudity. In the 2013 Ozone IS the EPA considered reproduction in the same categatly plant
growth.Increased information of plamgproduction(such as flower maber, fruit number, fruit weigh

seed nmber, rate ¢ seed gernmation) and evidnce fordirect negative effects on peoductivetissues,

as well as for indirect negative efts (reaulting from decreased photosynthesis atiter whole pant
physiologicalchange9 warrants a special gaality deermnationofa A caelsatl i etwesrhi po b
ozoneexposure and reduced ptargproducton. Since the 2013 Ozone ISA, largeale stastical

analysisof many factors concluded thatunty-level ozone concentratisavaaged over the study

period significanly increased tree mdality and manyplant functional types. This evidencecanbined

with observations of lonterm declines of cafer forests in seeral high ozone regions andw
experimentbevidence that sesitive genotypes of, particully, aspertrees havencreased maality

with ozane exposte,su ppor t a fadsarddad loyn stho plbe bet ween ozone e
mortdity.

In addition to the direct effects of omeon plantspzone can alter etogical interactions betweenants
andother specis, includingherbivores thatmay consmeozoneexposed vegetatiosone recen
evidence of insect herbivores in previousmzassssments athnew stutescovering a rangef species
provide collective gidenet h at s u p p toibd casaleelativish g 6 | i @zZove exposure
and alteed herbivore growth and repdudion. Many plantinsect interactions are mediatedvbet
volatile plarn signaling compounds, whichgpts use toignal other memberwithin an ecological
communit.. New evdence from rnultiple studes show alterddegradedmissions of chemical signsl
from plans and reduced detection of plant signalinmpoundsby insectsTherefore, the collective
evidence suppog  fia | ichusalreyl a toi dores h i gnedexposeetaw alteation of plant-
insect signahg.

At the ecosystem scale, ozonausssuppe s si on of p |l awhichdan lgahoaddcesly nt h e
ecosytem carbon content. Considt&nith the comrlusions of the 2030zanel SA, t herle 1 s a
relatiorshipd b entoxoeeesxpsure and reduceatoductvitya nd a dl i kadragtionship be ¢
between ozone and reduced carbon serptiest. Recented ence conti ngaesal t o s up|
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relation s hi p 0 b eeexpoauee and the ateratioof below gound biogea@hemical cydes.Ozone

canaffect waer use in plants through sexad mechansms and ultimatelgffect plant evapotranspitian,

which may inturn lead to possible effects hydrogeolgical cycling. Eviderce continues to support the
conclusionof the 20130zone ISAhatthee i s a béchu&al yr &€ b adenozonesatii po b
alteration of ecosystem water cycling. Ad#on of communityy composition of some ecosysis,
includingconifer forests, adleaf forests and grasslagcand alteed fungal and bacterialcommunties

in the soilreported in the 2013 Ozone ASis augmeted by additional evidence for effects in feigand
grassland&communities indicating a chaagn the cauddy determinationoafiau s al r el at i on:¢
betveen ozonexposure ad altered terestrid community compsition of some ecosystems.

Thecausalty determinations for ecological effesa@resummarized as follows:

1 Conclusiondrom the 20130zone ISAtha support the seveconclusionsof causalityin the
currentDraft Ozonel SA include 1) visible foliar injury; 2) reduced vegetation gnah; 3)
reduced plant reproductiod) reduced yield anduglity of agricultural crops5) reduced
producitvity in terrestrial ecosystem®) dteration of below grounthiogeocherntd cycles and
7) alteration of terrestrial comunty composition.

The ightwfdheevi denced appear s tious @rtlusions fprh the 2013 Pzomer t  t
ISA subseqartly identified in the conclusins in the currenDraft Ozone ISA. The simmay of five
causalitydeterminations for ecotpcal effectsin thecurrent Draft Ozore ISA, which build onthe

conclusions from th2013 Ozame ISA, irclude the following:

1. Reducedlantreproduc i on f r oratecawoa |Iiisteypda tlationshipivithaozosea | re
exposure

2. Increased tcasak i mgr nal i ehgrgeédteisleidkoe layndt o be a c a
relationshipo

3. Alternation of herbivore gowth and reproductionchangbd m fAc gusalt i #ssessed
Alikely to be causal relatiohg;0

4. Alteration of part-insects gnal i ng fsawd@l ¢ H ayn qrande azasgalii | | kel
relationshipo
5. Alteration of terrestrial ammunity compositin  changed f r ocawsafil i kel y t o

relatio n s h ifipcda wesawnishipo

For these fiveausalitydeerminatons for ecobgical effects that havehanged in terms of conclusis
in thecurrentDraft Ozone ISA from the conclusions dmthe 213 OzondSA will be more fully
evaluaedin terms ofpreliminaly commats from the initial review othese data

Appendix8A E ¢ o b b g E €irf thee cutrest ®raft Ozone ISA evaluatetherelevar scientific
information on ecological effectspartof the revew of the air quality criteafor ozone ad other
phaochemcd oxidants and to help fornié scienfiic foundaton for the eview of the secondgar
NAAQS for ozone. ThifAppendixserves asan update to Chapter 9 of the 2013 Ozone [B¥e
majoiity of theevidence for ecological effexis for vegeation. Effects atheindividual plant level can
result inbroad ecosgtem-level changes, such as produdtyy carbon storage, wateyaing, nutient
cycling, and community composition. ThereentDraft Ozone ISA adopsthe use of th€ECOStool to
further define the sipe o the current review bgonweying tre criteria for inclusionor exclusion of
studies.The units of study as defed n the FEECOStool for ecological effects of ane arelie
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individual organism, species, population, comnity, or ecosystem. It shoultknatedthatall studies
includeal in thecurrent Draft Ozone ISAwere conducted at condegiions occurring in the emronment

or experimental ozone concentrationshin an ade of magnitudeof recern concentrations obserden

the United States. For eological endpoints for which th20130zane ISA conclided that tle evidence
was sufficiento infer a causal relatiohgp (i.e., foliar injury, vegetation growth, ecgstem

produdivity, yield and qualty of agricultural cropsbdow ground biogeochemicalcling), theseare

fully evaluated inthe current Draft Ozone I\. In terms of newcausal determinatiors or achangen
causaldetermination from the 2013 Ozone ISAhe following cawsality deerminatons for ecological
effeds d ozone will be addressed the current review. At the comunity level, biodiversity in teems of
terrestrial commuity co mp o s i t i o n al,dasd spaesvintéractens sncluding plaimtsect
signdingisanew detaminaton and Al i &.elhadditbmtrebsurvitcdachae ged t o Al i
c a u sral gawth af insect herbivores £eding on ozoneffectedplants isflikely causalo The gant
reproduction endpoint is now separétem plantgrowth and a new dtermirationa s A candnewa | 0
deermination of growth anceproducti o n i s fi | iakiessygned toindetenerhiveies s
affected by ozoneAll causalitydeterminatios or changesn causality determination from the 28
OzonelSA will be thoroghly cansidered in the presergrges of commentsThe currenteview only
evaluates studies nductedin North Ameica. In thePECOStool for ecologicheffects, relevant study
desigrs include laboratory, greenhouse, field, gradiepien top chamber (OTQ, free aircarbon dioxide
enrichment (FACE), and modeling stlies.

Visible Foliar Injury in Biomamitoring

In the 2013 OzondSA, the evidence was ficient to conclude that éneis a caisal relationship
between ambient ozone egque and the occurrerce of ozonanduced visible folar injuryon sensitive
plant pecies across the UWited States. Visible foliar injury from exposire to ozone has been el
characterized and documett cn manytree, shrub, herbaceous, and crop spebresgh reseach
beginnng in 1958.0zoneinduced visilte foliar injury is considerediagnogic because it has been
experimertally inducel and it isconsidered a bioindicatdor ozone exposure in plaitAs desabed in
the PECOS tool, the scope for nevidencereviewed in the section Inits studies to th@&sconduad in
North America &corncertrations occurring in thenvironment or expeimental ozoe concentrations
within anorder of magnitude of rentconcentations. Experimental evidence continueshon a
congstent assciation betveen visible injuryand ozonexposure in plantSincethe 2013 Ozone ISA,
severalktudeshave furthe characteded modifying factorsl) additional field studies hae srown dy
periods tend to decrease the incidenaksmerity of ozoneinduced visibé foliar injury, 2) data usedh
additional spectfrom greenhouse studies add heteridencethat sastivity to ozone varies by the
time of day in plants3) phenoypic variaion of foliar sensitivity to ozone has beelberved 4) in OTC
exposure (mea 12-hour ozone corentrationof 37 ppb for 118 dgs) foliar injury to loblolly pine
seallings were notrelated toseedling inoculation withoot-infecting fungi Chieppa & al., 2015).

Since the 2013 Ozone ISA, sevarddiional sudies hae been condited on bioindicatospecies:

1. Cutleafconefloweris anozone bioindicator species na¢ © Great Smoky MountainsNational
Park

2. Tree of leaven an established invas peciesfound widely across thenited States, hasbeen
identified as areffective oone bioindicator spres by he National Park Selce and Forest
Service (Smith et gl2008; Kohut, 2®7).
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In greenhouse exposures, foliajury occurred at $our arerage ozor exposure levels of 60120 ppb
with grederinjury correspondng to higheexposure (Seiler efl., 2014). As noted in the @3 Ozone
ISA, visible foliar injury wsudly occurs vihhen sensitie plants are exposed tleeated ozone
concentrationgn a predsposing environment. A major modifying facfor ozoneinduced sible foliar
injury is the amoant of sol moisture availabléo a plant during the year that thesiible foliar injury is
being assessed. This is besathe lack of soil moisturgererally decreases stomatal conductance of
plants ad, therefore limits the amount obzone entering thieaf thatcan cause injuryisible foliar
injury from ozone exposearhes been wellcharacteried for decades using bdting-term field studies
andlaboratoryapproaches. Since the 2013 Ozone ISA, resgardc onbioindicabr speciestad the
further charaterizaton of modifying factes have provided further support fohée effects. New
informationis consistent with theomdusions of the 2013 Ozon8A that he body of evidence is
sufficient to infera caisd relatonshipbetween ozom exposure and vididfoliar injury. With the
de@desof research, both in field obsextion as well & experimendl studies related to theliar injury
endpoint, théody of eMdence remains very strong to infer a chugationshp betweerozone
exposire and visible folr injury.

Plant Growth

In the2013 Ozone ISA, the evidence wadfsaiert to corclude thathere is a causal relatisiip
between ambient ozongm@oaure andreduced growth of native woody and herlmace/egetation. In the
2013 OzondSA, it was conclude there $ strong and consisteevidence that exposure tizone
deaeases photosythesis and gowth in numerous planpgdes. The evidence availbba thattime and
now discussed in theurrent Draft Ozane ISA shows thatambient 0zoa concentrations caes
decresed growth (measured homass accumulation) in annugkrennial, and woody plantsinclusive
of crops, annua, grasses, shrubs, anddéseA metaanalysis by Wittiget al (2009) found thathe
averageozone expsures of 4@pb significantly @crease@nnual total biomadsy 7% aaoss 263
studies. Biomass dkiaes were linked to reductons in photosynthesis (8.EPA, 2013), which are
corsisent with cumulative plant uptake of ozone into ted (Wittig et al, 2007). Further, there is
evidene ozone ray change plant growipatems by significantly reducingachon allocatedto roots in
some speciesSnce the2013 Ozone ISA, theres more evdencefrom experimentastudies that support
detimental effects of ozae on plangrowth

1. Results fron asperonly stand at théspaen FACE experiment in Wisconsin showeddecrease
of 127 19% in te relative growth ratef @ of 5 genotypes of aspetuded;

2. When sitelevel results fromAspen FACE exp@nert were €ded up sing the foest landscape
model(LANDIS 11), ozone was foundtsignificantly reduce landscape biossa

3. A metaanaysis of 9 stidies examining intrapecific variation in juveniléreegrowthunder
elevated ozone, found that elevatedre generdly reducel photosyntbtic rate as well aseight
growth and stem volume

4. A study using the invasive Chinesallow tree suggds ozone @sponse may be genotype
spedfic;

5. Model simulatios coupled withestablished U.S. EPA ozone exposure respdamadionsin
seedlngs, estimatd relative biomadess at 5% for Ponderosa pgrand2.9% for aspepand

6. In andher estimation of bomass loss badult trees across thénited States for modeled oane
values eastern cottonwood and black cherry shohigtl nsitvity.
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In addition tothese studieghee is a reent global scale symess of published ozone exposuresidies
that docunent reductons in biomass due to az@exposure in over 100 plaspecies Bergmann et al
2017).In thecurrent Draft OzonelSA, there isstrong scietific evidence sufftient toconclude that
there s a causal relationship between ambtesrzone exposire and reduce growth of native woodgnd
herbaceous vegetation.

Reduced Pant Reproduction

In the 2013 Ozone ISA, deical plantreproducton was noseparatd from plant growth for causality
determin&ion. However, in thecurrent Draft OzonelSA, reduce plant repoduction is scientificayl
defended for a causal rélenship béween plant reproduction metrics and expedn ozone.In fact,the
recent literature shows thatross st plant reproductiometics (such as flower number, ftuiumber,
fruit weight, sed number, and rate of stgemmination) with elevateéxposure oncentrations that
ozone has significant gative effeds on plart reproduction. ih a first of its kind stidy, Leisneiand
Ainsworth (2012) conducted a quatitativemet-amalysis b assesshe general magnitude andrdttion
of the effects of caneexposue on plant reproductiomn experiments thausedambient air asthe
control, average fruit weiglilecreasd 51% (at an averaggposure of 98 ppb), which was tHargest
effect obsaved in ths part of the metanalysis and seed number decredspproximately 10% (at an
average exposure of 68 ppn fudies with ozane-sensitive species of clovesanz et b (2016)
showed thateproduction was reduced significdgitwith increasng ozone expsure. Gillespie et al
(2015) isolated the effectsf@zone onparticular reproductive tissues of tomamllengrains exposed
to ozae have significantly reaed gerrmation and pollen tudgrowth in vitro. Reductions in polle
viability is anextremelyimportant plant reprodtion metric.

Timing of ozae exposurerelative to reprductive development stagiean dfect reproducive outcomes
in some cases. Flaxs exposd to ozone early itheir development tendtto produce sbrter fruits than
flowers exposed later in their delopment. There appears te lacgquatenformation, particularly from
the quantittive meta-aralysis reprted by Leisner and Ainswort2@12) suporting a causal
relaionsip between ozonexposure and deiced plant repoduction. The strength of the sciefit
support for supporting atisale | at i onshi po i s nlefdliar sjery asdeduscead g
vegetation growthHoweve, with the separate categoofreduced plant reproduction, it cdre
concurred that causalitydoes exist between amhiezone exposure and thisapt metric. It hasbeen
shown that diverse metrics plant repraduction desline under ozone concentratiamscuring in either
the envionmert or under experimental conditiewithin an or@r of magniude of recent
concentrathns Metrics of plant repragkttion, frut numberand fruit weight, show reductionsder
increaed ozonavhen combined across speciesdaore mncentrations that sm40to >100 ppb.
Finally, experimer#l ozone exposte at multide experimental settingsuch as in vitro, whole platsin
thelaboratoy, whole plants and/or reproduaistucturesin the geenhouse, and whole plant
commuirities in field settings) convidngly show ozone independently reégplart reprodiction. The
CASAC concuswith the EPA conclusion that previous wdence andhe new evidencés sufficientto
inferafi c salwelaio n s hbetyweén ozone exposure and rextlplantreproduction.

Plart Mortality

In the 2013 Ozone ISA, caalty was notasessed foincreased tree mortaliipvolving ozone
exposure. fie @nclusonin thecurrent Draft Ozone ISA is thiathereis fi | ely to bea causal
rel ati ons hzone expsbre andvaatmoriy. Several new studies examine thepacts of
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ozoneexposure orplant mortality that inleidedthe fraction of indiviluak in apopulation that die over a
given timefrane. Theseexperments wee focused on tree species dentatsig @one exposure can
affed tree mortality. For instance, irhe Aspen FACE &periment, he survival of sensitivasgen
genotypes 271 and 2%&cined significantly between 1997 and 2008 undéwated azoneexposures
(Moran and Kubiske, 2013). In didion, Dietz and Moorcrti (2011) conducted a largescale analysisf
factors contibuting toannual mortality of treeand functional types in théorests otthe eastern and
central Lhited States. In their analyss, ozonewas ranked 9 on a list of 13 &ctors that forests were
sensiiveto o z o ;edetts witha similar magnitude to ha of precpitation. Mortality in 8outof 10
plant functional ypeswere sgnificantly correlated with ozone-Bour max exposures Therefoe, studies
of tree mortality inctate tha ozoneaffects thiserdpant. Studes linking ozone andéemortality are
consistentvith known and welestdlished individual plant legl mechaniss that explain ozone
phytotoxicity, includng vanation and sensivity and tolerance based ogeclassgenotype, and
specis. Experimentdly elevated ozone expuoess have beenshown to ingease mortalityn sensitve
Aspengenotypes. Considag the pevious evidence and new evidence reviewetthe current Draft
Ozone ISA, itis sufficientto ird r  aly td beicausal rei@nsipd b e t w e exposuezandees
mortality.

Reduced Crp Yield ard Quality

In the2013 Ozone ISA, the evideewas suficienttoc onc |l ude t h e rtienship ® tweenfic au s
ozore exposure and reduced yield apdlity of agricultural cropsThededrimental effect of ozone on

crop productionhas been remgnized since the 19608dithere is a large body oésarch trat has

subsequently characterized dese=in yield ard quality of agricultural crops. As desbed in tle

PECOS tool, the speof new evidence reviewed in thisen are limitedto studies conducted in

North Ameicaat ozone concentratiorcuring in the environment or experimental ozone
corcentatonswithin anorder of magnitude of researcbncentrabns.

For soybeansdditional studies in Illinois repodecreased seefdrop yield(Leisner et a] 2017). A
linear decrease in soybegield was dserved across two growing seas at theateof 37-39 kg/ha per
ppb cumulative ozone exposureeo 40 ppp. For wheat, metanalysis using data from the kited States
and other caurtries provde further supporting édence that current levelsf@ambient @ore decrease
growth, quality, and yield (Bijel et al, 2018).New studis in nonsoybean legues inclue: evaluation
of biomassand seed yield in ozonexposed srabean under hgh- and lowvapor pressure deficit
conditions (Fiscus et al2012). U.S. maleling studies in the 2013 Ozone ISA fouthetozone
gererally reduced crop yield and that diféat cros showed different sativity to ozone (Avnery et
al., 2011). Newly availabe regionhand national scale arnales of ozone effects on maj aops inthe
United States, including soybean, wheand maizehave rther enabled characterization and
guantification of yield losse(McGrath et al, 2015).

The relatimship between aone exposuwe and reduced crop yielslwell established in thecgertific
literature and aatinues to be an active arefreseart with many new scientific papers being lplished
since the 2013 Ozon&A. Recent advances in characteriziogane effects an U.S. cropyield include
further gegrgphic and temporal refineentof ozore sensitivity innational scale estimate§maize and
soybeanlosses from ozone based on actgeld dag. The new scientifiecnformation published is
consistent wth the conclusons of the2013 Ozone ISA that theody of evidence is sufficietnto infer a
icaus alnsrelpat ib et wereandredwzed yield ane quality sf agricultural crap
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Herbkivores: Growth, Repruction, and Survival

In the 2013 Ozoe|SA, there vasno causaty determination betweeozone exposure and effeats
herbivores.Ozone exposure can lead to changedantphysiology, suchas by modifying the chemistry
ard nutriert content of leaved hesechanges can have significant &gt on herbivae physiology and
behavior. There waso consensus in the 20X13zonelSA onhow insects and other wildlifespond to
elevaedozore. Since hat review, additional researblas beempublished for more hbivorous insects
as well as a few mamalian herbivoesat variots levels of 0zone exposuAs described in the REOS
todl, thescope of this review includes sias in whch alteratons in invertebrates and vertebrate
resporses wereneasured in individuapecies or at the population and camrity levelsas relatedto
concentrations of ozoraaurring in the environrantor experimental ozone concentrations witkan
orderof magntudeof recentconcentrationsThe 2013 OzonéSA included a metaanalysis hat
included 16 studies published arsét herbivorespecies beteen 1996 an8005 foundha elevated
ozone decreadalevelopment time and increased pupil mass isentherkivores with more ponounced
effects occurring wittonger dirations of ozone exyure (Valkama et aJ 2007).Since tle 2013 Ozone
ISA, there isnew evidence for endpomtelated to growth, reprodtion, andsurvival in insect
herbivores encompasg theorders WleopteraHemiptera, and Lepidoptera. Withe avdable science
reporedin the current Draft Ozone ISA regaling the effet¢s of ozoneon growth, reproductiorand
survival of, particulany, insect erbivores substantial newnformation hasbeenmade awilable inorder
to assess a causalityagbnship In addition, populkon and community level responses ealthat
changsin host plant quality resulting fnrm devated ozone can altdre ppulaton density and
structure of associated irctéerbivore communities ultimatelyaffecting ecosysta processs
(Cornelissen, 20)1Recert studies reviewed in thaurrent Draft Ozonel SA includemultiple
experimental stdiesconducted by many resehgroupsthat expad the evidence base for the effeof
elevaed ozoneon growth and reproduction in t@vores.It is recognized thtawvhile effects were
observed there neains amore Imited numbenpof studies on the effestd ozone on survival and
population/ommunity evel responses. Recognizing thate the 2.3 Ozone A and with increased
research #orts onherbivore response plants impacted by ozone, a new cality determindion
appeargustified that the bodpf evidence is sufficient tinfe r ikelytib e causal 0 rel at.
between oaneexposureand alteation of herbivore growth andpgeoduction.

Alteration of Part-Insect Signaling

In the 2013 Ozom ISA, therewafino ¢ ay®ald et er miczone exposure abdealtdiore e
of plantinsectsignaling. Plants signal to othecobgical mmmunity members through the emissioh
volatile dant signaling compaunds (Blande et al 2014). Eaclsignalemitted by plants has an
atmospheric lifetime and unique signature compiesl d different ratios of individual hydrocarbons
that ae sisceptible to atmogpheric oxidants, like ozon&'(an et &, 2009). Insects another fauna
discriminate between chenaicsignals of dfferent plats. As described in tHREQDStool, the scope in
thecurrent Draft Ozone ISA forconsidering planinsectsignaling include stugesthat assess altered
plantinsect sigaling in response tooncerirations of ozone occurring ihéenvironmentor
experimetal ozone concentrationgthin an order of magniideof recent concentrationdJnder
conditions of elevatkozone thedegradain d plant signaling compouwts resultedn bumble bees
orierting significantly less towards floracent queues ad exhibitingpreference for artificiieflowers
closer to the ponesource(Fare-Armengol et al 2015). As reported pviously, hebivorousinseds use
plant signaling ompounds tdocate suitable hoglantsand ozone can alter these irgetons (Blandeet
al., 2010). In chamber studieslexated oone reduced thability of insect herbivores to find their plant
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host (Li etal., 2016). Striped cucunber beetles could ndistinguishbetween clean aimd air
containing floral volatiles whethe ozone conertration exeeded 80 ppb (Fuentesa¢t 2013).1n
addition,plant defense responses include emission of pkighalng compounds to attract predaors and
parasitoidghat targethe herbivores feedg on theplant. In studies reviewed the 2013 Ozond SA
and newstudies on parasitoidost atraction showeitherreduced, @hanced, or unaffectdzehaviorby
elevated oane(Cui etal., 2016) Alteredplants signaling tmatural enmies of herbivoresidrupts
predatorprey trophic interaatins The interation of ozae (>50 ppb) with planignaling communds
disrugs the prodiction, emissiondispersion, and lifespan tfee compouwnds. Consilering tre
available evidenceeported inthe 2013 Ozone ISAnd more recent research efforts whigeswell
recognzing uncertaties around how chemicsignaling responses obsvel in the laboratory translate
to natural environmentshe current Draft Ozone ISA makes a mecausalitydeterminain that the body
ofevidenei s suf fi ci elpdausa relaion 8 h &€ ve@ea dzd@nk éxjposure arlteeation of
plantinsectsignaling.

Reduced Productivity in Terrestrial Ecosysis

In the2013 OzondSA, the evidenc&vas sufficent to contude there is a cadlsrelaionship between
ozone exposurandreduced plat productivty. The terrestrial cadn cycle integrates pcessesat
various scales, ranging organelles to individalsto biomes (Chapinet al, 2002). Gros primary
productivity, which is the inflx of CO- from the atmosphere via phoyoshesis at theecosystem cale

is fundamental to gbd carbon cycling. Sice the 20130zone ISA, two new studies have reported on
the efects of ozone ongross primary prodttivity. Fares et al(2013) conducted diatical analysis of
data to quantifyhte effect of ozne on carbo assimilation. In Califonia, 0ozone decreasedrtan
assimihtion by 12% in pine forests in the Sierra Béaandby 19%in an gange grove in the éhtral
Valley. Yue ard Unger (2014) adogpd the same ozonedamaged thresholds their analysisthat were
used in previous models &ssess 0zone damagBeaea®s in goss primary productity as a result of
ozonerargefrom 1-14% andwere greatest at sites shogiboth highstomatalkconductancend high
growing season ozone conceations. Carbonassimilatedinto plant tissue via ptosynthesis is either
regired or catributes to et primary productivity, whiclis otenmeasired as le rate of plant biomass
accunulation. Whle much of the reseeh pulished since 2013 Ozone ISA sndirmaory, ohe work
hasprovided new mechanistinsight into the effectsf ozone @ net primary productivity. Evidence of
the efectof ozore exposuein ecosystem productivity cees from man different experimists with
different study designs in akiety of ecosgtems and madels. New information isorsistent with
conclusims d the 213 Ozone ISA that the body of evidence idisigntandincreasimg to infer a
icausalhirpd aboddonesposure andducedecosystem productivity.

ReduedCarbon Sequstration inTerrestrial Ecosystems

Terredrial carbon sequesttion is he sum of carbon contained within biomass switwithin a defined
ecosystem typically quantifieon a multiyear scaleKorner, 2006). As in the 2013 Ozone ISA, most
asessnments ofthe effectsof ozone on terrestrialachbon sequestration aredm model smulations.
However, an assessmemds done of the effect of 0zone @ ecosytem carbon content #ie Aspen
FACE experimen{Talhelm et a., 2014). At the conclusion othe Aspen FACEexperimentafter 11
years of fumigaon, it was observed thatlevated @one decreaseztosystem carbon content (irapt
biomass]itter, and soil carbon to 1 m in ddptby 9%. Teal tree biomass claonwas15% lower under
elevated ozonwith decreasedvoody biomas counting for nearly hof the effect of tree bimas. The
results from the Aspen FACE experiment andrtioeel simulatons provide further evidence that oze
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can decease ecosystem carbgequestration. Although the decreasenet primaryproductivity were
temporary in the gpenFACE experiment, th&@0%decreas in cumulative net primary productivity at
AspenFACE wasassaiated with a 9% decrease in ecesgm carbostorage (Talhelm ef., 2014).

The relationship between @mzeexposure ad terrestridcarbon sequestration asfficult to measure at
thelandscae scale. Most of the evidence regarding téigionshipis from nodel simulations,

although tis endpointvas examined in a hg-termmanipulative chambeless ecosstem experiment

known as Apen FACE, already desceal. Even with limitations the resul from the Aspen FACE

experiment and supportéy model smulation provide further evidence tha consistetwith the
conclusims of the2013 Ozone ISA that the body evidence issuficientto concl udekeft her e
to be causal relatishp 0 lee:n baene exposure and reduced carbon segti@sin ecsystens.

Soil Biogeochemistry

The 2.3 Ozone ISAconcluded there iaficausalr el at i ons hi p aposhreanditeee n 02z o0 n ¢
aterationof below ground biogeochacal cycles This causdty determnation was based on the body
of evidence knowmttha time. The 20B Ozone ISApresented evideedhat ozonalters multiple
below ground endpoints, including root gwath, sal food web structue, soil decomposer actiigs, soil
respiration, sil carbonturnover, soil water cyclinggnd soil nutriehcycling. Thenew evidence since
the 2013 Ozone ’included h thecurrent Draft Ozone ISA confirms ozone affects soiedanpostion,
soil carbon,and solil nitrogen. Soilarbonis often a mix ofmorganic am organic forms of carbothe
latter may be fomliving and/or deadplant animalfungal and baterial orgaisms.The effects bozone
on several aspects of soil carthave been ivestigated Ozone can alter the cyolyof nitrogen in the
soil via its drect effect on plants. Nitrogen is anportant demert to plant life as it is often thémiting
nutrient fom most temperatecesystans The 2013 Ozone ISAocumentd mixedresultsof ozone
effects on soil nitrogen s and processes with salts indiating no effect in matow nitrogen
biomass opotential nitrification and denitrification (Kaneevet al, 2006). While ozone &wsshownto
increase nitrogen releasedrlitter in aforest (Stokken et al, 2010), ozonelecreased gross nitrogen
mineralizaion (Holmes et a) 2009 at Aspen FACE anditnogenrelease from ®il litter. The 2013
Ozone IR presentectvidence that ozongasfoundto alter multiple below grouwhendpoints, including
rootgrowth, soil food web sticture, soil decomposexctivities, soil respiration, soil&bon turnover,
soil wate cycling, and sdinutrient cycling. New evidece since th 2013 Ozone IS#cluded i this
assessment confirmganeeffects on sdidecomposibn, soil carbon, and danitrogen. Overall, the
evidence des not bange the conclusions from the 201360&ISA and,therefore suggests that ozone
can aler soil bioggochemical cyclingfocarba and nitrgen, although the dicion and magitude of
these changes often deperuatsthe species, site, ariine of exposure. Currently, it is recognized that it
does rot appeato be aconsistent exposur@sponseelationship The body of evidese is sufficient to
conclude that thers aficausalela t i o rbetweenpopone exposunedghe alteration of belw ground
biogeochemical cycles.

Alteration of Terrestal Community Compositbn

In the 2013 Ozone ISA, ¢hevidence was sufficientto cotludeher e i s a #dl i kely to b
relaions h i pweenlmznexposure and alteratior restrial community empaosition of some
ecosystemsOzone altered above groupldnt communities, sich as conifer forests, broaaif forests,

and grasslands amtteredfungal and bacterial commungién the soil n both natual and agricultural

systans Ozone effects on indidual plarts can alter the larger plant commuyras wel asthe bebw
groundcommunity of microbeand inwertebrateswhich depend on plasas @rbon sources. In the
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2013 OzondSA, evidenceof ozone efécts on forest coposition wasdrawn from the obseational
studies of conifer decline correlated with orogpoure @Allen et &, 2007). New evidencgauggets
that ozame alters tree compgve interactions for nutrients, su@sconsistentwith previots research on
altered tree ommunity composition BAspen FACE showed that elevated ozone altered theivelat
conpetition for nurients among aspen gaypes(Zak et al, 2012). Since the®3 OzmnelSA, new
studies extend thegpe of evidene@ regardingforest community coosiion to include synthesiand
models.In the 2013 Ozone ISA, there was evidencezufre dfects on grasnd community
compositon incontrolledexperimental exposastudies in models, and in reviews.gy new studies
include expemental ozone exposestha allow evaluation obzore effeds on grassland community
composition and angdesthat explicitly include environmental annud heterogeniy.

Even with micobes,the 2013 Ozone ISA documentedeets of 0zoneon soil microbial communities
with changesin proportions of bcteia orfungi as a result of experimental ozone expesim grassand
mesoosms, peatland mesocosmadforest mesoosms. In additiorchangesin soil microbial
communitiesm agricultural systems waseported (Chen et .al2010). Even with bacteriahe2013
Ozone ISA found decreases in bacterial abundanceponseto elevaéd ozone in meadows and
foress mesocosmd here have been mpanewstudies reported to assess tlffiea of elevaedozone on
soil bacteria. The 2B OQzore ISA found effects obzane expsure on soil fungiStudies found that
ozone gposuredeceased fun@l biomas in meadow mesocosimarginal increased fungal
abundane in peatland mesocosms and et ungal comnunity compodgtion in forest soils. May new
studies have evatttedthe efects of ozone on fungi since the 2013 Ozd.The20130zone ISA
found evidence sufficient t@oncludetht t her gtobesa uas afll irkeellat i @wmes hi p o
exposure ad the alteréion of community composion of some ecosystemByvidence ofthis
relationship was presented for forestncourities oftrees, gasslanccommunities of grasseherbs, ah
legumes and soil rorobid communities of bacteria andrfgi. Recently published paprsextend the
evidence bead of these topics ithe2013 Gzone ISA.

In forests, previous evidence indedcorrelaion on stidies acoss ambient gradienbf ozone ¥posure
that found &ectsof ozone on conifer trees, staedwith controled experimatal exposure of trees &
found effects of ozonen deciduas trees. Key new studies show that obsermat@ndexpeimental
observatbns of ozone effectan tree spaes extend to affeaegional forest composition in the Easn
U.S. (Wanget al., 2016). In grasslands, previsevidence included muftle studies from multiple
research groups to show th#\eted ozore shifts he balane among grasses, &sts, and lgumes.
There are newtudies that show ozoneffected the atio of grass ¢ legume bimnasgGilliland et al.,
2015). In soil microbial o mmunities, previous evidence includes studies that foeffecis onthe ratio
of bacteriao fungi in soilcommunitiesas well as effectsrocommunity composition of mycorrhizal
fungi. New studes confirmthat eevated ozone alteil microbial taxa, @hough as vith previous
evidence, the strength and diiead effect are notconsistentcross alecosystms. The 203 Ozone
ISA presentd multiple lines of evidence that elded ozone altes terrestrid community composition,
andrecent evidence strgthensthe understanding of the effects of ozone on ptammmunities while
corfirming tha the effects of pone on soimicrobial communites arediverse. The body of evidence is
suficient toconclude thatherei s a 0 diegnths plo rbelt avxpaune amdheocalteeatior of
community composition of $ne e&os/stens.
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Alteration of Eosystem Water Cyvitlg

In the2013 Ozone ISA, thevidene was sufficient to conclude theeisaf | ely to be cauda

relai o ns hi p 0zoreexposueceamd the altaion of ecosystem water cyclinglants are
responsil@ for part of the ecogstem water cycling througtoot uptake bsoil moisture and
groundwater as well as transpirationrdughleaf somata to the eamosphere. Changes toghpart of the
water cyclemayin tum affect the amount of water moving through #wl, running off over land or
through groundwateand flowirg through streams.Z0ne can affect water use in plants astoystems
through severamechanisms, including deage to stomatal functioimg and los of leaf area, which may
affect plant and stal rarspration. During the review of the 2013 Oaze ISA, thee was debate on the
asuumpion that ozone exposure consittg reducedstomatal condatance in plants. Severstlidies
have found incrasedcondud¢ance, suggesting stomatal dysfunction in oesgto ozore exposure
However, other studies fodrozone cawed a loss of stomdtaontrol, incomplete stomatal closuae
night, ard a decouplingof photosynthesis in staad conductance. Thers mauntingbiologically
relevant and statistically sigieant data from multiple studies showing the mechsms of ozoe effects
on plantwater use in ecosystem water cycling (hecedleaf aea, reduced laf longevity, changes iroat
and branch biomassd achitedure, changes in vessel anatomy, stomatalutgdbn, reduced sap
flow). The most compelling edeénce showig effects at the esgstemlevel is from studies in Eastern
U.S.forest and from theAspen FACE. All of this awinformation supportdie 2013 Ozme ISA and
supports the conclusion in tiarrent Draft Ozone ISA thatthe body of evidence is Sicient to
conclude there isdikelyto be causal eca tzand edpasuresahdithalberatoe af w
ecosystem ate cycling.

General ©@mmets

1. The CASAC complimensthe EPA for the thoroughnesandcompleteness bAppendix 8as part
of theDraft Ozonel SA.

2. The CASACagreswith thefi ¢ a adetarininations for gahconponentsfor ecologicaleffects
for: 1) visiblefoliar injury; 2) reducedregetationgrowth 3) reduced plant reproductip4)
reduced yield andquality of agricultural cropsb) reduced produvity in terrestrid ecosystems
6) alteration of below gund biogeodiemical cycles and7) alteration of tenedrial community
compo#tion. The CASACagreswi t h t he Al | & tenhigaiobséor: b iacreaseds s a
tree mortality 2) dteration ofherbivore growth ash rediction; 3) alteration of planinsect
signaling; 4) reduced arbon sequesdtion in terestrial ecosystemsand5) alteraton of
ecosystem water cycling

3. Itisthe CASAC dimpresson that athorough review and reportingf the sciatific literature that
hasbeen generated since the 201308z ISA hasbeen incorporagd into thecurrent Draft Ozone
ISA.

4. In terms ofthesummaryof causality determations for ecological écts, the CASAC supports
the determinations madg the EPA as a function of thavailable scienceand its interpreition

5. Although historically, the predominant ecologikceffects assessed witzaneexposue has been
with vegetationAppendix 8§ has atéastsome mentionof terrestrial vertebrates,dluding
rabbits, and how they maesmpndto akered vegetation asfunction of ozone exposureThe
CASAC thinks that thisareashould be expanddmbcause alteration ofindividual plants and pldn
communities candisrupt terestrial vertebrates, an@njustinvertebrates. Thereforthe CASAC
recommendconsiderathn ofanexpanded reeach planto look at the implicatios of altered
vegetatiorcommnunitiesfrom ozone exposerand response to testrial verelrateherbivores.
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6. Although there is irdeph consderation in other sections tife Draft Ozone 8A involving
human hedlth implications fromozone exposure, which areal andwell-defined caseand
effect relationships that have been scigrdlfy studed a cnsiderabldength of time, othing is
mentianed with wildlife In Appendk 8, there is no mention whatsverof wil dlife toxicology
implications for ozone expose, although human heditimplications have been considerably
considered imther partof the Draft OzonelSA. The CASAC recommendto atleastconsider
and develop aesach plan for a bird modehatcoud be asseedin termsof the wildlife
toxicology of ozone exposure inavmbloodedvertebrates. This would be essentialiya anar y
inthe caalmi n e @eptdon deteting toxic gassedy miners through a bird moddlhe
CASAC thinks this same ancep could be impemented utiizing an avian mdel forthe study of
ozone expose in terrestrial warmbloodednonhumanvertebrategKendallet a., 2010).

Appendix 9

Please commentahe dentification, evaluation andharacterization of the avaalble scientific
evidence fromstudies of ozone &f€ts orclimate, and the applidaon of information from these studies,
as presenteth Appendix9, toinform cauality determinations forltese wiare outcomes.

For effectson climate, changes in the aiman@ oftropospheic ozone diturbs the radiatie balace of

the atmosphere byteractingwith incoming solar radiation and outggitongwave adation. This

effect is quantied by radidive forcing, which is the perturbian in net radiation flux atite topopuse
causedyy a changen radiatively ative forcing agent after stratpbieiic tempgeratures have readjusted to
radiative equibrium. Throughthis effecton the earth s r a dilar@djropospheric ozone plays a
significant role in the climatsysem and increassin troposieric ozone abundae coiribute to

climate changasaddressd in the 2013 Ozone ISRecent evidenceontinues® supprt a causal

relationshp between tropspherc ozone and radiative forcimypdain | i k el y t lationshgpovia a u s a |
radiative forcing between troposphic ooneand temperature, prgstation and related climate
variablesreferred toas climate hangein the 20130zone ISA New evidence ames fran the

Intergovernmental Paneh Climate Change (IPCC) FHftAssessnent Report(AR5) (Myhre et al,

2013) andsuppoting references. As thoughly discissed in theurrent Draft Ozone ISA, nonef the
newstudiesindicate achange to either caakty detemination included in the 201Gzone ISA. In

terms of effec oftropospheric ooneand climate change, radiative fingr e mai ns a MfAcausa
relaionshipand temperature, precipitation, and tethvariablemainta n al yiltidk ebe caus al
relaionship. Consistent with previous estirtesin the 2013 Ozone ISAhe current Draft OzonelSA is

congstent with previous estiatks, the dfect of tropspleric oone on global surface temperature

throughits impacton radative forcing continues to be estineat atroughly 0.1 to 0.3C since indistial
times.While the warmmg efect of troposgeric ozonein the climate system isstblished,precisely

guantifying changes in surface temperature due todspheric ozoechanges along vith related

climate effecs reqlires complex climate simulatis. There are current limitains n climate modeing

tools that need to be recognizeddthe needor more conpretensiveobservational data on these

effects repreent sourcesf uncertainty inquantifying the precise agniude of cimate response to

ozore changes (Myhre etla 2013) All of this evidergereinforcss t he fl i kledlajiondhp be
betweenroposphericozone and temperature, precipitationd aglated dmatevariables whch was

ref er r eichateachba mge diciln t he 2013 Ozone | SA.
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General Comments

1. The CASAC comgdimentsthe EPA for contiruing to clearly charactere and communicate the
effects of oone as related to climate changeildingon the 208 OzaneISA to thecurrent
Draft Ozone ISA.

2. Althoughevidence has increased sopmg the relationship betwedropospheric ozoneand
aspect®of climate change, inclimigai ¢ a u s al proathwadativeoforcsny as well aa
Al i ke lcausalteletionshe 0 wmpacts on temperature, preitation, and related climate
variables, the causality determinatns eachedin the2013 Ozone 18 are even further supped
in thecurrent Draft Ozore ISA,andthe CASAC strongly concus with thatposition.

3. Furtherresearch wuld be useful, particulariquanifying the relationship beteenregional
ozoneradiative forcing (RF) and othe shortlivedclimate forcers on the hydliogic cycle,
precipitation, andatmospheric circulatiopatterrs; improvingunderstading of and abilty to
model critical ozae-climate pocesses; and continuingmoréion of links between precusor
pollutant cantrol strateges, climate, and ozone catrations. These remehstratgies would
be extremelysefulasthe role d ozonein the dimate sydemscientific arenaontinues to be
better understood andthe CASAC recomnends thathe EPA catinue to investresearch
resaurcesto better define theote of ozone in clima seence.

Appendix 10

Appendix10 provdes detailson the procas by whit the draft ISA was delopeal. Please connent on
the usefulnesard effectivenas of tis agpendix.Please provice recommendtions on approaches that
may impove the communicatioof the praess used to developetiSA.

The process expl@ed inAppendix D appears to be well considereaid pats of it (such as theseof
the PECOSool) appearto be \aluable and an achnce onealier approaches he expositn is, br the
most pat, clear,althoughit iswritten at such a higlevel thatit is hard to deermine whether or how the
ISA development presses daribedin Appendix 10 were implemented pradice.

However, as explained in comemts on the Integreed Synthesis, the pcess by whiclthe Draft Ozone
ISA was developetias produag resuls that arenot clear to many readers and that appebat@
important imitations.The following limitations $ioud be careded in the final ISA;more importantly
for Appendix 10, the procesisat ledto them (orperhaps the implemernian of theprocessor both)
should be improved to avoid such unnecesbaniyations in future.

1 Section 10.2 (Literatwr Searchand Initial Saeen): Specific citeria for selecting ad weighting
studiesfor individual gudies andor specific health ermbintsare not suficientlyclear so that
even expert readers can underdtand reroducehow they were appliedit is alsounclear how
corclusions would change if awsistent criteria vere systematically appeid for seleting,
evaluating, summarizing, ansiynthesizng studes. Intermational studies and methodolegy
oriented stuiges thatprovide usetil recent information on palic hedth effects of changes in
ambient ozoelevels should prbably be included (e.gVitolo etal., 2018.

1 Section 10.3%tudy 8lection Full-TextEvaluatian of Studies evel 2) Specific citeria for
selecting summaizing, and evaluatingstudiesare not sifficiently clear so that they can be
understood andlte results of applying them can be epkrdentlyreproducedSpot checksand
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publiccommens suggesthat many relevant studies have been exclday, Moore etal.,

2012), and it is not alway clearwhy. Conversly, it is not clear whyother studies arenterpreted

as high quality and caplsbaf providing key evilence (e.g.Tétreaultet al, 2016), despite

limitations, sometimes clearly stateg the auhors, that mght seem to precluddea
interpetdion of study results. P| ease see the asdudBi bhobusiab |
sedions in the consensus response to the Apjpeexi37 charge gaestions as well as individual
comments for additional detadh biological information.

In light of these limitations the CASAC strondy reconmends thatthe EPA work withextemal experts
in causl anaysis,biological causation, managenent scénce, degionanalysis, ad risk ana}sis to
revise and impve the curentcausal determination processThis wak should irtlude identifying and
adopting technigesfor improving grap desisions andisk communication under uncertainty, and for
reducingbiases (g., groupthink, cofirmation biss, conformation biasarrowframing, etc.) that
frequently underminehe validity of consensus judgments about risk aegllting risk managment
decisions angolicy recommendationsExpertsfrom outsidethe airpadlution heath effects areahould
be included. Muchrecent and curnma research from theair pollution healtheffects comnunity lags by
decades other areaf appied scienceengneering,epidemiol@y, and rik analysisn understanding
and apropriaely applying malern méhods and pragsses of causal analysquantitatve risk
modeling and management sciencaful for regulatory risk assessment and suebasel risk
regultion The CASAC recommatsthat theEPA work with the National Acadeiesto identify and
usesuch external expertige improve the ISA cargptual ramevork and development prose
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Dr. James Byylan

Executive Summary

FigureES-2 on pageES-6 shoudl change tb asterisks (*) tap or down arrowsotshowupgraadand
downgraded classdations

Integr ated Synthesis

Figure IS6 on pae IS-84 shouldchange the asterisks (*) to updown arows b show upgraded and
downgraded lassfications.

Appendix 117 Atmospheric Source, Clemistry, Meteorology, Trends, ard Background

To what ex¢nt is he infaomation pregned inAppendixl regarding sourcesprecursor emissions, and
measuremerdand modelng of ambient concentrations, @&l as mo@led estimées of background
concentratims of ozone, clearland acuratkly conveyed and approprialy chaacterized?Please
commenton the exént b whch availalde information on the spel and tenporal trends of ozone
concentrations at vaousscaleshas been aglquately aml accurately deschied

Sources of 5. Ozor andits Precursors (Section 3)

This sectio presents stimatednationalvalues for 2014/201™NEI emissionsHowever, here is no
detaled discussion on the uncertainty asgied witheach polluart or souce sectorSome pllutants
and sectorsvill be muchmore uncertain than other For example,NOx emissiamsfrom electric
generaing units (EGs) have low uncertaintgince they a typically measuredby hourly CEMsOn
the otker handpther soute sectorsand pollutantsnaybe highly uncertainThe wncertantiesin the
emissions imentory(magniude,spatialallocaton, andtempoal dlocation)should be discussed for
each pollutahard soure sectorln addition, itwould be lelpful to add natimd maps cataining
courty-level emissions for N VOCs CO,andCHjs to show the variahty across tke country.

It is na clear ifCHa4 is included inthe VOC emissions or nothe text sbuld clearly state if CH is
included orexcludced fromthe VOC enssons distissed in the Appendix Due to the imprtanceof
biogenic VOC:s, this sectiorshould dscussthe dfferences between the BES ard MEGAN modelsthat
are typically used to estimatebenic VOC emissionsin addition biogenic VQC trendsshould be
included tosee the ariability from yearto-yearand sasonto-sea®n.

Ozone Photdeemistry(Sectionl.4)

This section should g&rtwith a discussin of why the precursor emissionsalis&d in Sction 1.3
(NOx, VOCs,CO, and CH)) are imporant for ozane formaion. An overview of the chemical
mechaismshould ke presetied,and importanthemicdreactions should behighlighted. The rehtive
importane of each precursor should be disedselativeto urban ozone forationvs. USB ozore
formaiton.
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InterrAnnual Variability and Longer Term Trends in éfeorobgical Effectson Anthropogeniand U.S.
Background Ozone (Setion 1.5)

This secton should disass the impact of inteannual varialtity and bnger term trends in
meteorologial effects onozone degn values

Measirements and Modeling (Secti@rb)

Groundbased oone lidar instrumets measre the ertical strictureof ozone ad quantify the mixing of
plumes aloftA review of thesenstrumens and their capahiy should beaddedo thissection The
section onfi S a t -BdsédiRén®te SensingeM h libstdnclude a discussion dhe new
TROPOMI stellite datathatincludeshigh resdution measrements of NO2 and formaldehydde
sediononfi A d v a n ¢ eosal Chemickl @rgnspt Moddi n ghout discusgheimportance of
performing a compiensivemodelperformance evaluation wén usingegionalchemical tarspot
models.This evalation shold include an evaluation of precurguollutantsto help ensuréhe model
does not hae compesatingerras.

E P A @16 Exceptional Events Rule allowsrtainozonemeasurenents due to natal evens to be
excluded fromthe dficial designvalues when compared to the NAAQSn some cases, étical
exceptional eventsan be treated diffendly in one locatim vs. anther based on how close the area is to
the saindard In bot locations, peopl are inpactedby adverse heldh effects, buthe datais removedn

one location and not the oth&ihe ISA shodd discuss hav exceptional events aeecountd for in

health studesand risk analyses

Ambient Air Cancentréionsand Trerds (Section 1.7)

This setion shoud discusslie shifting of ozonepeakconcentrabns from summer to spring and fall
thatis occuring in manyparts of the countr{Blanchardand Hidy, 2018; Blarchard et al., 2019)n
addition, his section shodd include a discussion aszoneprecursortrends in adition to ozonedrends.
Specifically, trends in NOx, VOCs, and CO measuent formnational maitoring networks (AQS,
nea-road NCore, andPAMS) should be included and discussed.

U.S. Background Ozme Concentrations (Sectior.8)

Section 18.1 beginswith the stateme t s @eskribed inSection 1.2.2.1, USB ozone cannotrékably
edimated usng ambient monitoring datzecausenonitors ca be irfluenced by U.S. emissions,
including bdh relaively nearbyemissions and intstate ad hemisperic transprt of ozone prduced
from U.S. emis i o Rasrishoet al. (2017) and Fiah and Emis (2019)have shown that USB ozone
can be rdably estmatedusing ambient monitoring data. Althouglomitorscan ke influenced by U.S.
emissons, t is posdble to accout for these infuenes.Estimatesfom measuremetitased approaches
andfrom modelng-based pproaches can be compareditmlersand differences ad minimizethe
uncertaintyin USB ozoneestimages

Emissioncontrols have redied ozoe in theU.S. to theextentthat backrourd ozone contrilntes the
majority of urban ozone coantrations,even ormanydays when ozone excedti® NAAQS. Figuresl
and2 show estimates of the ozone design ealinatwould be preent in the absenad U.S. or North
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American athropogenic emisions Figure Lisf om a model ¢ al cowltsehdiviyn u s i
approacho ( J.&iguredis @evedbpel froman cbseriaignabased approach (P et

al., 2017; Parish and Ennis, 2IB) appled to the entire country. These twanapsshowthat in tre

southwestern U.S., background ozomgles sucha large contribution that it will bextremey difficult

to reachthe 70 ppb NAAQS unless the backgrdwontibution decreaes.Section 1.8.2 discusses

newUSB and Norh American Backgoundestmates, butll of these estimates are for saasmneans.

It is critical to evaluate thezone @sign véuesthat @n resultfrom USB.

— -

ji - .

0 30 40 50 60 70 75 85 100

Figure 1. Annual 4thhighes MDA8 O3in ppbfrom North Ameican ba&ground (ie., with Noith

American athropogenc precurso emissions set to zero) averagedr@@ 0i 2014from a GFDL-AM3
model simulation (Jaffet al.,2018).
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Figure 2. Ozone design valuexpected fom U.S.backgound (i.e, with U.S. arftropogeit precurso
emissionssd to zero) n ~ D15derived fran observations (D.D. Parrish, unpuhiedfigure).

Appendix 217 Exposure to Ambient Czone

Appendix 2 decribes gientific information on xposure to pone ad impicationsfor epidemiologic
studies To whatexent is hediscussion ormetlodological congderations for exposure measurement
and nodelingclearly and accurately conveyed ang@opriately charaterized?Please comment on the
extent to whichthe disussia regardng exposure assssent ad the infuence of eposureerror on

effed¢ egimates inepidemiologic studies of the healtifieets of @onehas been adequately and
accuratey descrbed

Exposire Assesment Methodg§Section 2.3)

This sedbn gives a ligh-levd overview of fixed-site nonitors,passive andadive personakampers,
spatial inerpolation, land use regression apatotempaal modeling, chemical transport modwd,
hybrid approabes, andnicroenvironmetal modeling.The discgsion m microenvironmental modeling
should indude addiional information on APEX aad SHEDS models

Peasonal Exposure (Section 2.4)

This ®ction disusses updates to the Consolidated HumAectivity Databas€CHAD), infiltration of
ambient ozone into hoes anduildings (1/O ratio), and persoal expaure to abient concatration
(P/A) ratios Additional discussion should be added for ozorfédtirationin vehicles since a large
amount of tme is spnt commuing. Also, a detailed discussion of the uncantas and varability
associated withhie CHAD, /O ratios, and P/Aratios should bancluded



Copollutant Correlations anBotential forConfounding Section 2.5)

It is stated on page2 2 fnGhHatvthemajority of the copollutant correlation data dosv,
confourding of the relationship &ween enbient @oneexposue and ahealth efectby exposure taCO,
SO, NOz, PMug, or PMbsis lessof aconcen for studies of the health effectEambiert ozone eposure
compared with studies of the health effecelaed toexposue of other criteriair polutants.When
copollutant orrelatiors arehigher duringthe warm season, greaterkrisf copdlutant coriounding

e X i $However the summaes theseasorwith the highst ozone concentratiosd the highdsozone
exposrre; thereforea greaterisk of copollutant confoundng existsand slould be acounted foin the
epidemiological stdies

Interpreting ExposureM easurementrror for Use inEpidembplogy Studies (Sectim 2.6)

The summary table provided ine EPAozonelSA presentation to CASAGNn Decenber 4,2019
showingthe irfluence ofexpasureerror on @idemiology study outcomes (page i8avery wseful
summary anghould be includeth Apperdix 2.
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Responses to Charge Questions

The Exeative SImmay is intended to provide eoncisesynopss ofthe ke findings and conlusions d
the OzondSA for a broad range of audiencé&dease comnent on theclarity with which the Eecutive
Summary ommunicates he key information from the draft ISRleaseproviderecommendations on
information that should be adedor information hat swould be left ér discussion in the Integrated
Syntlesisand acompanying appendices of the dri&A.

The key inbrmation provded in the draft ISA and its ExecugéiSummay is undear. Concerns about
lack of clarity in howkey reaults ae derivedexpresséd, and commanicated have been raised in
numerougpukbic comments in this and previous NAAQSview cydes.Theyare still notaddressed in
the current draft ISA.

In addtion to inviting public commers, thisreviewcyclefor thefirst time gavea parel of external
expert consultants an opportunitycmmrment directly on the following questions the scentific
information provided by the ISA clear®ppendixB provides esporsesfrom the consultants tihis ard
othe quesions. Their man answelto this question isno, for at least the following reasan

9 Ciriteria for selecting and weighting stugieand low key coolusions arederived from them, are
not clear.

1 Itis unckar how, if at all, conclusionsvould clange f consstentcriteria were systmatcally
appliedfor selecting, evaluating, summarizjregd syntlesizing studies.

1 The draft ISA ands Exeutive Summary do not povide comprehensive quantitative uriaenty
andsenstivity analyseshowirg how canclusions clange br plausble variatonsin
assumptionsinterpretations of undefined and weggerms, glection and weighting of studies,
and judgnents on which the contusions depend.

9 Causal determinatiojudgmetts agpearto be ambiguous, sulgve, and sonetimesarbitrary.
Seweral extenal mnsutants comnented that different people might Welake the
determinations in very different wa fromthe same aa. The evignce presented often does not
seem taclearlysupport one causal determinatiao theexclusion of otheas. Theseexperts nted
thatthey couldnot guess, for any particular bodyevidence which causal determination
categoy EPA wil chooseto describef. By this criterion, the causal deteinations donot seem
to follow clearlyfrom the evidence pesengd but ncorporatean abitrary (unprelictable)
element. The draft ISA pradesno cler objective basis for determiniing predcting fromfacts
and d&a which causal determination (if ang)right.

1 Whatthe causal determinatns meanandwhat they inply for enpirical dbsenations, is
unclear. For example multiple externalparsagred t hat t he t erthedfitcaus al
ISA without distingushing among importantly different csal corcepts No distinction is made
among necssary sufficient,INUS, aml other fems d causation.Yet, a stated conclusion such
as a detemination hat a specific€R assocc at ®ora hidlitodlke dadusgl 0 i s of t e
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correct for some of thesmusalconcets ard incorrect for othes. Thus,the wse of vaguegeneral
termssucta s auBdc 0 ot ynt okbe causal @nclusonsiothednail ISA c at e
makes their meangs highlyy ambiguos and impossble to determine with clarityAs staed by
Dr. Rlombeg, Al f p adciatienare gausiyf expaised byunderlying cawsaton, this is
taken [in the draft ISA] as suffiant evidencefor such causation (when one shbattualy be
comparing the hypthesized causative actions againkeotonpeting explanations for the
paterns), ad if such @usatonis inferred, itis takento be univesal, applying to other settings
on the wsuallypoorly stated (much less justifieplfesumpion thatthe causationis universal and
largely independentf othe circumdan ¢ e Suchdnference and pesumpitons,which pervade
the draft BA, ae <ientificaly unsound, making the validity as ivas the neanings of key
conclusions uncleateavingunspecifed exactly what the draft ISA means (e.g., one loése
specific concepts, or perhaps sothéng eke) wlen it useshet e rcrma uiis aréfae makés it
impossible to determine whether its kayndusionsexpressed using this term are eatr or
even whattheyare intewded to mearilhis situation is someties reérredto in other areas of
scierc e ateverwrong , .6, key indings dgendon abitrary-seeming judgments expressed
using poory ddfined, vague, or ambiguous terms, so tiiéé na clear what they mear{or how
they could be tested or falgfl bydata) let alone whether they arcorret.

1 Thedraftl Sréatmen of wildfire contributions toozone exposurend their implicatias for
NAAQS, are unclear.

1 Itis unclear to wat extat the ozoe-associatephysiological effects discussed i tthraftISA
are transientand to what xtent trey repesentpersstent, awidable hams hatcould be rduced
by further reducing ozone leel et, ths is crucial information for policynakers.

Informaionthat shold be added to the Executive Summargliidesthe following:
1. Discussion of bw changs inpublic heath effectsdepend orthargesin ozone lgels.This is the

most important sci#ific topic for informing the PAIt is not aldressedh the deft ISA. A

useful ISA should address the extenttbich reducng ozone has been found tmuse rductions

in public health isks and inprovemerts in publc health and welfare, and the extemthich

additional reduction should or shoutebt beexpected ¢ cause furtler benefitslt should quantify
unceraintiesabou the answersAs stated byDr. North, weii s Hddbeiseeking b evaluate

manpulaive or inerventional causation, that is, detéming howmany people might be added

or subtacted fom havingtheir healthprotected with an adequate margin afety by a dangein

the primary NAAQSstandard ©hedraftISA does not pesent redvantscientific information to

use in addressing thisgston.Dr.Li pf ert not e s edtdfausalityiswhetheru | t i m:
hedth has actually improved since theédd 97® inresmnse to peak O3 leveteducedoy a

factor of 5in conjundion with coinddent trends inspatial patterns of reduced smokan

improvad medical care. A search of PubMednd nosupport ér suchimpr’» e ment . 06 Rat t
than relying on searels by &terral experts, it would be fapreferdle for the EPA itsdf to

address irthe final ISA the ke policy-relevant scientific questionf how changes in public

health risks depenoh changs in ozom levels.
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2. Sunmary of results from a systematiciesv andcritical evaluation and synthésof rdevant
studies, ircluding regative oes that have been oitied from the draft ISAThe commerd in
Appendx B and other comments receivedrr the &ternal exertconsultats and the public
identify some of te omited réevant studies (e.g., Mooret al.2012).

3. Detaled discussionof possilte canfounding, andhow it was or was not addressed iaaleng
causl conclusionsAs noted by Dr. Nah in the contextof answeringa s peci fi ¢ ques:H
perceive thathe kird of discussion needed on confading wa notpresen in the ISA, just a
judgmento flikegtobe causal . 6 And gmend wsetihirothie abbsencedf s u c h
detailed discssion ofpossibleconfo undi ng. o

4. Results of systematic evaluationstfdy gality, using consistently apgid criteia, showing
how each key sudy included performs on eaclspecific quality criterion relevarior evaluaing
individual studies and drawingalid causal conalisions (e.g.jdentification of appropriate
adjustnent ses, catrol of observed confoundg, contol of resiclal confounding controlof
latentconfoundiry, quantification of exposure estinwat errorsand uncertainties, adjustment of
effects eimates fo erorsin-variables, quantification of model untanty, adustmert of
reported signifiance lgels and corfidence levelsfor modeluncetainty, controlfor multiple
testing bias, use of pppriate ontrol groups, tests for internahhdity, tests forexternal
validity and invariant causal predictigmopery). A matix (possibly colofcoded, as sggestd
by Dr. Goodman inpublic commentson PM2.5) sumnarizing these results could providesgt
insight into the state of the literatueand thestrengthsand limitations of individual key studies
used byie EPAIn reachingits conclusions.

5. Discussionof catsal biological mechaisms of iflammation-related fealth effectand their
implicationsfor biologically realistic causal ® functiors. For ekample, tle ISA shoulddiscuss
recent evidence on mechanisaml mo@s ofacion (possibly includinghe rok of he NLRP3
inflammasomen inflammation-mediated respnses to ozone exposures) and thraplications
for the shapes of causall”Cfuncions desribing health responsg to changes in exposures below
the curent NAAQS. (Importantly, such causd@-R fundionsshouldnot ke confuse with
regesson GR functiors.)

6. Results of comprehensive, quaatiite uncetainty and sensitivity analysesowving how
conclusiams dhange fowariations in inputs, including selsan ard weighting of studies,
alternaive interpretdionsof stuly resuls, corredonsfor confounding corrections for
measurement errorsprrectiors for historical trends, modelingpcices ad assumpons
interpretations of undefined and vague terars sibjecive judgments and unverifie
assumfpionson which corclusionsdepend.

The htegated Synthsis presents and synthesizes theativeonclwsions from the subsequent detailed
appendies of thedraft ISA andcharacterizes available scientificformation onpolicy relevant issues.
Please comment o the usefulness andeffectiveress @ the summarypresentation. Please provide
recommenadations on gproaches that may improve the comnication of key indingsto varied
audiences and theynthesis of a&ilable information across subject aresaWhat information should

be addedbr is moe appopriate to leare for discussion in the subsequestaided apgendices?
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The Integrated Synthediss thefollowing limitations hat limit its usefulness and effectivess.

9 Biasal sdection of studiesMultiple readers dthedraftISA, including seeralextanal expert
consultants, have noted that it osnibany relevant studes, especially those thdd notconclude
that ozone isassociated with adverse health effe¢tas undemines the credibility,
competenessand sientific usefulnessand effetivenessof the draf ISA, especially to the
extent thatt createsan impres®n that the evidence wented hsbeen skecied to suport a
narrative rather than to neutyaconvey the aurrent state of the aim theunderlyng <ience.

1 Literature on notinear effects is nowell coveredThe draft ISA does rimadequatey cover tie
recent scientific liteature omonlinearC-R functiors for ozoneFor example, p. B8 staes tha
i Eaxinaton of the concentrain-respnse (CR) relatiorship hasprimarily beencorducted in
studies of shorterm ozone exposurad respirabry healtheffects or mortality, wh somemore
recer studies cheacterizing this relationship for lortgrm @oneexposure and mortality.
Across recat studes hat usd a varety of staistical methods t@xamine potential deviations
from linearty, evidence coninues to support a linearC-R relationship, butwith less certainty
in the shape of the cunat lowe corcentations (i.e., below 3040 ppb) ®his contrasts wth a
substantial literatue, disregarded in the draft ISA, on nonlineaRCelationsips.Forexample,

0 Baeetal (20105reportth a t mMedtO8 conentration did not differ greatly betwe
Korea andJapan which were 26.2 ppland 24.2 ppb.aspectivelySevenout of 13 cities
showed better fits for the spline model compared with thealirmodelsupporting a
non-linear relationships between O3 concertration and mortality . All of the 7 cities
showedJ or U shaped associationsuggesting the ®istence ofthreshdds. The range
of city-specific thresholds was from 11 to 34 pphe city-combined analysis also
showed a norlinear as®dation with a threshdd around 30-40 ppb. @ae(S, Lim
YH, KashimaS, Yorifuji T, Honda Y, Kim HHong YC.Non-Linear Concentration
Response Relationgs betwen Ambient Ozone and DaiMortality.) PLoSOne 2015
Jun 15;10(6):€0129423. doi: 10.1371/joat.pore.01D423

0 Seltzeretal. (2018 t at e ¢-thriam bzo@i(Q3) e’posure estimatesdm chemical
transport models are frequently paired witph@sureregponse relationships from
epidemidogical stidies to estinate associated health burddngpact estimates wsing
such methods can inclae biases from nodelderived exposue estimates We ug
data solely from dense groubdsed monitoring networke theUnited States, Europe,
and Clina for2015 to etimate longterm O3 exposure and calculate prematur
respratory mortality using exposureesponse relatisships dened fromtwo separate
analyses of the American Cancer Society Cancer Prevention-8{édyS CPSII)

c 0 h o Bdth.setsd resultsare lowe (D20%7i60%) on a regionby region basis
than analogous prior studies based solely on modeled O3, due ande part to the
fact that the latter tends to be high biased in estimating exposur&his study
highlights the utility of dense obsrationnetworksin estimating exposure to lofigrm
O3 exposure and provides an observational constraint on subsequinbbeengor
three regions of the arld. In additionthese results demonstrate how small bias in
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modeled results of longterm O3 exposire can anplify estimated health impacts due
to nonlinear exposureresponse curves 0
o Wilson et al. (2014) report theeven inmodelingthat constrains ane GR functions for
mortality to be monotonic (disallowgnJshaped or Ushaped relations sh as tlose
reporedby Bae et al . ), AWe then examine the
both nationally and lally andfind evidence of a nonlineaozone effecand an ozone
temperature interaction at highemperatures and ozone conceritrat nThedcaft ISA
reports the nonlinear interaction from this study 12, but does not mention the
ievi de n olieearmioeafedn.oo
That the draftSA does not mention such results on nonlined& ftinctiors forozone suggests
that readersiterestd in undestanding the available scientific evidence on ozorR €linctions
must do their own research: the drafAlfails to cover many studies and re#ta that disagree
with its narr at viderae céntinnes toBupmort l@meSR relationehpdt.) f e
This lack of coverage of diverse findings in the literature undermines the credibility,
effectivenessind usefuless ofthe draft ISA.
Summaries of relevant literature are incomplete and of questiteaccuracy.The draft ISA
doesnot proude a compehensive or trustworthy summary of available scientific evidence, even
for studies and authors that ites.For exanple:
o Page21ofthel® st ates that AA | i mitedvideneofber o
an association betweeongtermexposureto ozone and asthma development in children.
€ An overview of the evi denanaysisgamingd ovi ded
asthma incidence irelation to improved air quality in nine southern Califarn
communities (Garcia et al., 20LDecreases in baeline ozone concentrations in three
CHS cohorts, enrolled in 1993, 1996, and 2006, were associated witredsed ahma
incidenced However, Gircia et al. (2019) actually statetfi@® mong chi | dr en |
Southen California, decreases imdient ntrogen doxide and PM2.5 between 1993 and
2014 were significantly associated with lower asthma incidéreare wee no
statidically significant associéions forozoneor PM10. 0 ( Garci a E, B
T, McConndl R, Urman R, Chen Z, Gilldnd FD.Association of Changes in Air Quality
With Incident Astima in Childen in California, 19932014. JAMA. 2019 May
21;321(19):19061915. doi: 10.1001/jam2019.5357. Emphasis added.)
o Table 33 o ommir$ ofevidence for a likely to be causal relationship between-long
term ozone exposur eiteatmddyrofdMoge etab @8y ef f ec
( A A nmbazane concentrations cause increased hospttahsaor asthma in children:
An 18vyear stidy in Sodthee n Cal i forni ao) as providing A
causal det er mi nat todhecauddemtionshipbetween lantermi a | i k
ozone exposur e an dSpeacificallp Moora ét al.risycitee ds prevadjin s . 0
AConsiktent evignce of an association between lofigrm ozone concentrations and
hospital admissiongnd ED visits for &s h m¥et, fwllow-up work by Moore eél.
(2012 noted methodological limitations of the 200$¢ea(especially, that its results

A-11



https://www.ncbi.nlm.nih.gov/pubmed/31112259
https://www.ncbi.nlm.nih.gov/pubmed/31112259

may haveresulted fomincorrect untested modeling assumptions, rather than from
information in the data) and provided angblégd an inprovedmet hodol ogy ( i CN
o r usatnaodels for realistic individualized exposurelr e A KeY result was that the
previoussignificart effect of ozone was no longer four{oore et al. 2012 state that

AThe resul ts f r Manalysisbesedoorthe gontimeols oFdeRoMiBle

estimated with the Gomputation method resuitén an estimate of an increaselot4e

06in the poportion of asthmaelated hospital discharges for a amét increase in

ozone. [This is the 2008 studied in Talte 3-3 of the ISA.]Unlike resultsfrom the

HRMSM analysis with the continuous ozonewnable, the CMRIER results are not

significant. Notethat the HRMSM analysis was based ort@nputation estimation

which artificially relies on untestable pametric moeling assumptionsto estimae

HRMSM parameters when the ETA assumption is violatedsT this ozone study [the

2008 sudy citedby thel SA], significant results from the Gcomputation analysis may

be a consequence of the approach taken amd solely lased onthe information inthe

data dVodre KL, Neugebauer R, van der Laan MJ, TdBelCausal inference in
epidemiological studies with strong confoundiSgat Med 2012 Jun 15;313):1380

404. doi: 10.1002/sim.4469.)his moe recent paper is not mentioned in the I1$he

ISAci tes the 200 8 en eishaut neiagthatshe dauthars/subseguently
revised them in th2012paper.

Table 33 cites a study by Tétreaultat as proidi n ge yi KEv i d e rhortestadieso f i C
demonstrating aassociatiorwith asthma develp ment i n chil dren. 0 -
interpresthis, without any det ail ed e x plikaytabecausat, as i
relationship between loAgrm ozomr exposurarndresp r at or y mphafee ct s . 0 (
added.) Yet, in discussing potential confounding@,tTr eaul t et aknt st at
two confoundemmodels in the results. The first was adjusted for sex and deprivation,
whereas the second was adjustadtie sameariables as well as the e of brth. dhe

article does not mention temperature threo weather variables. (For bac&gnd onthe

imporance o f confounding by tempermbaesur e, see
temperatureconfounding control ifluencethe modifying effect of air temperature in

ozonemor t al i ty dhlssadiageicantludes that @Gsing a gaiacal varable

(e.g., a season indabor) to control for temperature yields highly significanbne effects

at high temperaturebut al® significant residual confounding; and that adjusting for
(nonlinear)effet s of temper at urdezmneétdsdihigh ant i al | vy
temperaturesrad r e si dual Téreautfetalualsd note théleck) of

information on risk factors at the individu al level (e.g. socioeconomic status and

smoking). We attempted tmntrol for these factors with adjustmeif our nodels usng
ecological depvation variables, which are imperfect amay result in residual

confounding 0 ( Emp ldaTetrealt eaddfdier t her ¢ auihdividual t hat
exposure was modeledrad not measuredthrough the followup, sothe qualiy of the
associations depds on the quality of the exposure models. All associatigpsrted in
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this study were estimad accading to the exposure at the centroid of the residential
postal code. Thisssumes that children would stay at horthelay. Be@use a arge
proportionofa chi | dés day can be spémwherecout si de
exposure to air pollutastmightdiffer, misclassification bias may have been
introduced in our study. Additionally, summer average O3 levels weredifo estimte
annwal averages. Becaesummer O3 levels are higher than winter levels (Envirabhme
Canada 1999) in Canadee may have oveedimated annual average levels
Furthermore, although postal codes circarife a relatively small area in urbamiens,
postl codesmay include mucharger areas in rural regions. This difference in postal
cock size could lead to a degreehagher imprecision in exposure estimationin
regions of the province thatare lessdee | v popul at edThe SAdoesp has
notemphasze that the exposer concentrations that it rep:
sumirrer ozone concentration, based eh Biddayav g 0 abler3-3)&re in fact
Amodel ed and not menatadjustéed).ousingapprogriate esiord d o e
varialles metlods) for potentiabiases due to such errolsinterprets the reported
assoc ati on as 0k eycaesardaiianshe @ithauf meationing k e | y
alternative interpretations such as thaight reflect omitted confounders (g.g.
temperatee), resdual confoundingor misclassification biaf?age 3193 of the ISA
statesth fiSensi ti vi t yateapedchtipnsfer potential camfouading e r n
inform the stability of findings anddhin judgments of the strength of infae from
resd t Butiis not cleahow or whether the ISA considered the results of such
sendivity analyses for the individuatudiest reliesonfor its conclusions (e.g., in
interpreting the Tétreaulteta st udy as fAKeyobewausee nceo of
relationship) or how seiisve the resulting causal determinations are to incomlglete
controlled confounding.
These eamples ee intendal to be illustrative rather than comprehensive. They illustrédegar
issue: such coverage suggests tha draftt SA camot serve as a trtygorthy source for an
accurate, unbiased, comprehensivaaai summary and synthesis of tedevantscientific
literature As noted by multiple external experts and in pubbiomments, the draft ISA appears
to be based towardefendn g E P A0 s drencliisiord sathex than providing a neutral,
accurate relew and summary and critical analysind gnthesis ¢ available scientific studies.
Its appearance of cherpickingand bias in reporting results from theestific literature
undermines the attiveness, trustworthiness, and usefulness of the draft IS
Policy-relevant science is notdressedThe draf ISA does not usefully summarize, or
critically evaluate, availale scientific information on manipulagwausatiori.e., on whether or
to what extent reducing ozone reduces public health ri¥lke)this is the main topic needed to
inform pdicy decisons about the public health consequences of alternative pogelitug
choicesFor example, the exterhexperts vere direc t | y (@as \kaled deteriininations of
manipulative or interventional causati that is, how and whether chang expsue would
change health risks be made based on observed associatiotiseofypes analyzed in the ISA?
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Most whoanswered sd no; rone said yes (seesponses in AppendB). For example, Dr.
North statedthat I t hi n k NG CASAGskouldbesedkirga evaluate manipulative
or interventional causation, that igtdrmining how many people might be addedubtrated
from having their healt protected with an adequate margin of safety by a charthe primary
NAAQS st an dsdhisaimission &fireld,e¢he PA lack a scientific foundation in the ISA
for predcting effects on public health of altetinve policies
1 Uncetain relevance ofacts addressed.he draft ISA identifies several assoaiss between
ozone and physiologicahangesn contrdled human experiments and epidemiological data, but
it does notadequately address the extent to whigséhassocisons pedict adverse effés on
public healthMr. Jansen frames the issue as followsii | n addi t i oriciat o t he i
effects,trei s t he i ssue of recoveryitaffected veeghdings i bi | |
nor causality clasfication.In othe words, if a metg was responsive but recovered, how is that
evidence weighatd and used in terms of causalityssifiaai o nSi#ndarly, Dr. North states that
Al't seems t o mahethaer obsenvedanild, appatently revisisieéfect such a
changes in FEV1fd¢rced expiratory volume in one second) seen in healthggewercising
subjects imply a pot#ial for adversehedth effects in the general population. What are the
adverse halth effects, and how well do FEV1 chasg®edict hem? Wha is the CR
relationship, not just for FEV1 changes, but for adverse healplacts that are persistent and
pertaps cumlative ove time, such as scarring of lung tissue so that lung function is
per man e nliddalth efleatssagid@he relevane of other information preented in the draft
ISA is also often unclear. Astated byDr. Parrishfi | n r e a d i attppn I3agreaes h S
of scientific information is summarized, but there isdittk no discussion of the relevance a$ th
scienceo the NAAQS orthe ozoneaels i gn val ues upon whThefihal t he N
ISA should directly address the quesBmf the relevane of reversible effects, and of other
information presented, tagdicting public health responses to ojp@sin ozoa.

As mentioned above, thellowing additions to the draft ISA and Executive Summeng/ recommended
to improve the comunicaton of keyreaults, and also the policy relevance, scientific validity, and
methodological integrity of the contentihg commuitated:

1. Summarize availablempirical evidence on how changes in public health eftegisend on

changes in ozone levels.

2. Presetsummaryreaults from a systematic review and criti@laluation and synthesis of
relevant studiesncluding negtive ones lha havebeen omitted fronthe draft ISA.

3. Provide detailed discussion of possible foamding and how it was or was natldressedfor
ead study used to support causal conclusions.

4. Present results of systematic evaluations of study quasityg consiserntly applied criteria,
showving how each key study included performs on each spegifiity criterion relevant for
drawing valid causal ondusions.

5. Discuss causal biological mechams of inflammatiomelated health effectsreventable by
reducing curr@t ozonelevels.
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6. Present omprehensive, quantitative uncertainty and sensitivityymess h o wi ng how
conclusons chagefor vainations in selection and weighting of studiesydeling choices and
assumptions, interpretations of undefil and vageterms and subjective igments on which
the conclusions depend.

Additional Comments on Executive Summary

p. 1iiThis Integated Sciece Assessment (ISA) iscamprehensive evaluatioand synthesis of the
policy-relevantscience aimed atharacterizng the realth and welfareféects caused by ozooe.

Comments:

1 The draft ISA isnotacomprehensive evaluation and syggis.Multiple pubdic comments and
external expert consultant comments have pointed out that the draft ISA omitsetexayt
studiesard topics it appears to mitiple reviewers to exhibit a selection bias favoringliding
positive studies while excling negéive onesand does not address causaRGunctions for
changes in public health risks caused by changes in ozogis.|

1 Thedraft ISA does not includ@olicy-relevant science, i.e., studies and empiricdirtgsand
validation of predictive gemalizations that vould allow changes in public health risks caused by
alternative changes in NAAQA to be assessed, and taimtgzs abut themto be characterize

p . THe ISA identifies and critically evaluatethe most policyrelevant scientific lterature across
sderntific disciplines including epidemiology, controlled human exposure studies, animal toxicology,
atmosyheric sciele, expsure science, vegaton studies, agricultural science, ecology, and ctena
related scienceKey scientific contusions(i.e., cawsality determinations; Section ES.4) are presented
and explained. They provide the scientific basis feetgping rekand exposure analysesppcy
evaluations, and policy decisions for the revig&Wwis ISA draws conclusions about tleusal naure of

the relationships between ozone exposure and health and welfare effects by integrating information
across sientific disdplines and building ofthe evidence base evaluated in previous reviéws.ISA

thus provides the policyelevant scentific information that supports the review of the NAAQS.

Commens:

1 The highly relevandisciplines ohealthrisk analysis, decisin scierce, causal analysisdata
science, and mathematical and simulation modedire not adequately representeduse in
thedraft ISA For example, validation of health effect models is not discussed.

The causal ity dekeyesciemiicooad i ® in Asdiscusied imnoote ddiail in several
places in this documéand hn multiple public comments and extal exgert commers, the causal
determinationgireambiguous expressions of subjectiweégmentsThey  not provide a vadl

objective scientfic basis fordevdoping risk and exposure analyses, policy evaluatior policy
decisionsTo be genuinely sentific, conclusonsshould rest on reproducible results of tests
unambiguouly statedpredictions against datleitherthis draftiISA northe previous ISAdr ozone
presents conclusions that &res ¢ i e n t i tfaditional sanseRathdr, ithg aply theter m M ci i ced
to ambiguously statedpinions and judgment$his should be fixed in the final ISA.
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Dr. Mark Fr ampton

Limi ted expertise available to CASAC

The CASAC reviewof this ISA is limited by important changes in the review processatbi reently
implemented.For this ozone review, the EPA has failed to appoint an expert panel to assist CASAC in
the revew, as habeen done for previous ozone reviewse same anel of 12 consultants that was
available for the PM review was availalterespnd to written questions from CASAGHowever,

notably this panel did not include any individuals actively partigigath ozore health effects research,

and did not includexpertise in human clinical studies, which are critically important iretgtandng

ozone halth effects.These consultants did not attend the public meetings on the ISA, and there was no
opportunty for interactive discussionThe limited expertise aylable for this review has adversely

i mpact ed CAS pQiethelaest adice tb heAdmainistrator.

Preamble

Study Quality.Section 4 (p. 7), regarding the assessment of study qudnéy,not indiae how quality
assessments are used inrndew. Thisissuewas raised in the CASAC review of the PM I8 well
Thelist of quality agects that are revieweare appropriate and completait nothings providedabout
howthese criteriare used orplied in the overall interpretation or @smentlt is not clear that the
ISA consistently considers or incorporateege stdy quality assessments in reaching conclusionisis
process should be strengthened and more fully desciibed?eamble shod provide details ohow
the study qudtly assessments are recorded, and of how thegoargderedn the developmentfdahe
ISA and the R.

Page 28The publication referenced hehat Constitutes an Adverse Health Effect of Air Polltion

(ATS, 20M), should be updatedith the latest versiarA joint ERS/ATS policy statement: what

constitutes an adverse health effetair pollution? An analytical frameworkEur Respir J 2017 he
statement on t his pesgieedranbientderdmientsin luhgfactiomes adiversé é
when accompanied by clinical symptams wh i | e -singlifiesehe issuelransientr

decrementsn lung function should be considered adverse in some circumstances, even in the absence of
symptomsTheolder ATSdocument providedhis statement as an exampleookof the situations

where transient decrements should be consideheerse.

Change incausality determination for short-term total mortality and cardiovascular effects:

incomplete scientificreview

Sedion 10.3.1.4.ndicatesil n i nst ances when a ficausal o or @Al i
concluded in the 201Bzone BA (i.e., dort-term ozone exposure and respiratory and cardiovascular
effects and total mortality, and lostigrm oone exposwrand respiraty effects), the epidemiologic

studies evaluated for those outcomes were more limited in scope andotéogetas study lo@atons

that include U.S. airsheds or airsheds that are similar to those found in the U.S., as raftaeted i
PECOStool.0

The ratonale for limiting epi studies in these categories of causality is to emphasize the studies most
relevart for pdicy in addessing possible changes in the NAAQ®is is reasonable for outcomes
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determined to be causal or liketybe caudaThe problemis that, in the current ISA, for shetdrm

total mortality and CV effects, the causality determinatioasevdowigraded fromlikely to suggestive,

based on the studies reviewed in the ISA, which were limited as indicated Bad\a.therationale for
downgrading these causality determinations was continued limitations in the epidemiological evidence.
Wedmn 6t fkomohesBA how many studies were excluded from consideration based on their
location, or what was the impact &énhy) of theeexclusiors the causality determinatiohhe question is
whether that causality determination would have been downgjteatkdl the evidece been considered.
This needs to be addressed in the ISA, with a broadening of the epi review aitdnaasesment of

the strength of the causality relationship, for these categories of health effects.

A brief PubMed searchrited tothe last Syears identified more than 40 relevant epidemiology studies
examining mortality and cardiovascular dise@utcomesonducte outside of North America he
following 3 studies appeared to be of particular high quality and relevarttesesa mblished inhigh
quality journals:

1. Bae S, Lim YH, Kashima S, Yorifuji T, Honda Y, Kim H, Hong YC. Nanear Corentration
Response Rlationships between Ambient Ozone and Daily MortalftyoS One2015; 10: e0129423.

2. Bero Bedada G, Raza Rorsbeg B, Lind T, Ljungman P, Pershagen G, Bellander T. Stenrh
Exposure to Ozone and Mortality in Subjects With anth@dit Prevous Cardi@ascular Disease.
Epidemiology2016; 27: 663569.

3.Yin P, Chen R, Wang L, Meng X, Liu C, Niu Y, Lin Z, L} Liu J, Qi J, YouJ, Zhou M, Kan H.
Ambient Ozone Pollution and Daily Mortality: A Nationwide Study in 272 Chinese Cim@sron
Health Perspet2017; 125: 117006.

ISA, Exeautive Summary

Table ES-1: The ader of outcomes this tableshould refletthe oder in thedocument:metabolic
effectsare discussedftercardiovasculaeffects.

Section 1S.4.1describegi C oentionsamogh eal t h ef fectso in a potent.
way that is not addressed in the individual appendidesieve, the cecription on p. 1S-20, of ozone

effects in ratgausing reductions in body teamature BP, etc.as an exampledf mu | tm sy st e

di s r u [ somewhai confusindpecause these responses do not occur in hufla@sentences

following this referto increased BP rdber than decreased BP, which adds further confusion, especially
since inceased BP is not an ozone respeeen inltehuman clinical studieg his section needs to be
re-thought and rewritten.

Appendix 3

Figure 3-1 provides an excknt syrihesis of khown and suspected biological pathways mediating
ozone respiratory health effecBme suggestions fourther refnement:
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1. Altered heart rhythm is included here, which is obviously not strictly a respiratory respans¢her
nonespiratoy links are not includedhere that are consequences of ANS modulation and stress
responsesncluding systemic ildmmationand metabolic processe§his seems to be an inconsistency.
Would remove altered heart rhytifrom this figurefor consiséncy.

2. Impairedhaost defense is shown linked solely with oxidative stress, but other patHaaydich
there is eviderg arelikely contributing, including airway injury, morphologic airway changes, and
stress responses (elevated cortigonsidermoving his box onecolumn to the right, ungroup from
morphologic changes and allergic responses and show as one of trstrdameffects.

3. The pathway indicating that adrenal effects mediate airway injury/inflammation is based on a single
study in ras (Milleret al 2A6b). This finding runs counter to physiologic expectations (adrenal
mediated stress response would beeexed to dllow acue inflammation/injury, not mediate it) and

there is no evidence to support that this occurs in huriditisout furtherconfirmation in additional

studies oother species, or support of this directionality in humans, suggest maldrigé¢hiloted

P. 3-14, last paragrapradd Frampton et al. 201%] to the list of new studies of lung function effects in
the range of 10800 ppb.This study induded both GSTM1 sufficient and null subjects, ahdwed no
effects of GSTML1 gene status on lung functresponses

P. 3-18, Cigarette Smokingdlhis section summarizes the Bates et al. 2014 study as showing similar lung
function respnses beveen smokes and nonsmokergnd indicates that this finding differs from

previous studiedBBut the smokers in thBates studyweresec al | ed Al i ght 0o smokers
smoking about ¥z pack per day for 6 ye#os a total of 3 paclyears This likely explains thedifference

from prior studies, which involved subjects with greater tobacco useéhisrsthould be noteth the

summary. For examplein Frampton et al. 199[2], one of the studies demonstrating significantly

reduced lung function effects in smokers comgavéh neve-smokerspnly smokers of at least 1 ppd

for a minimum of 3 yearwere includedThe mean paclkears of smoking was 12.B shauld also be

noted that, while ozonnduced lung function decrements are attenuated in erapking inflammation

is not[3], and oxidative s&ss may actually be increadddl. This is an example of a situation where
adverse respiratory effects of 0zone may be occurring in the absenng @ination changes.

3.1.4.2.2 Animal Toxicological Studies, p.-33. Symptoms by definition are saeléportedandanimals
areobviously unable toreport symptomsit should bemoreclearly pointed out here that symptoms
cannot be assessed in studiesodients Cough, or any other change in respiratory status, when reported
by an observer, is a sign or an observation, not a symgttenonly a symgom when reported by the
individual experiencing it.

P. 338, line 12, Integrated summary. C h a n g el di FtEdlerd-REXL is affected by changes in
both volume (FVC, restrictive) and airways obstruction (FEV1/FVC).

P. 346, line 8 fTheseeffects indude sensory and pulmonaryiiationé 0 The distinction here between
i ensoryvsipulmonary i r rdioteastniésemseRalrkonary irritant responses have major
sensory componesitThis phrase appears to beken straight from the Hiaenetal. 2016abstract, but
the terminologysed in that abstrai not reflective of airway physiologensory vagamediated
inputs are important throughout the respiratory tréibe uppefower airway distinctiorhereis
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incorrect, ands irrelevant to the point beng made in this summary.he Hansen et al. study examines
pulmonary outcomes, not upper airna@gponses

Long term respiratory effects

The first paragraph of section 3.2.1, which includes a summary of the firfchngshe 2013 Ozone
ISA, shauld includethelimitationsand uncertaintieat that timehat precluded determination of
ficausab for long-termrespiratoryeffects.

Appendix 4

Figure 4-1 provides an excellent representation of the pathyang evidence supporting theleading
to potentialcardiovascular outcomes related to ozone exposure.

4.1.9.2,p. 4-23,2" pullet point. The descriptiorof the Arjomandi 2015 studywhich is a clinical

study,is written as if describingn epidemiology studyl.his paragraph should bbe-writtento indicate

that subjects were exposed to clean air and 2 concentrations of ozone for 4 hours, with intermittent
exercise, Wwh HRV measured before and at intervals after expobugeich a controlled and blinded
experimental exposure, the clgas carreasonablybedescribed as effects of the exposure, rather than
associations.

Table 4-4. The study byFrampton etl. 2015did not assess LVDPLhe cardiac function outcomes were
cardiacindex, strokevolume indexand left ventricular ejectionne. It is perhapsvorth mentioning

that these measures were obtained via impedance cardiography, rather than dirextly or vi
echocarddgraphy.

Table 4-19. Thestudy ofRich et al. 2018neasured SBBs well as DBP

Table 4-26, Study-specific details fom controlled human exposure studies of coagulationThis
table should includérampton et al. 201[b], which examined aumber of coagulation parameters,
without sgnificanteffects.

Table 4-29, systemic inflammation and oxidative stress markersAdd Frampton et al. 2013] here
as well.

Appendix 5 - M etabolic Effects

New determination of i | i kod ley c ta Thss ddtedmination is driven by the animal toxicology,
which is largely limited to rodent$heanimaldata on glucose and insulin effects are rold8istthe
extrapolation othe findings to humans is in questidinere apear tobeno primde studies.The
epidemiological evidence is sparse and inconsistent, without any evidence of advEaleociioones
related to metabolic effect®ne human clinical study (Mill2016g showed no effects on insulin levels
or HOMA-IR, butdid find acuteincreases istresshormones imesponse to ozone exposutas as yet
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unconfirmedWhile the animal stdies provile plausibility, the sparse epi and human clinical data do
notjustify t he Al i kel fyDu go dagpeand laedde appropride.

One question that should be considered is whether a brief stress response, in the absencers sympto
otherconsequences, constitutes an adverse health éffastcould beconsidered a physiological
response to a variety ofirstuli. For examplegit can occur in response ¢@ercise.

Nevertheless, given the potential importance of these effadisifoan heldh, and in consideration of
the current epidemics of obesity adlidbetes, this represents an area of urgent reseadh ne

5.1.4.1.0besty animal toxcology studies:Some ofthe studies summarized here are relevant to obesity
as arisk factor, in othe words, whether obesity as a subjelcaracteristic enhances ozone responses:
pulmonary, CV, or otheDescriptions oftiese stdiesshouldbe moved tothe appropriatsectionon

risk factors Theissuebeing considered in this sectiemwhetter ozone aérs metabolic functions
includingbody weight, BMI, body compositioraloric intake glucose metabolism, lipid metabsrin,
stressresponss, etc. The mixing of these two concepts is confusing and perhaps misledtimg.
sentence in this paraghstartirg on line 12describes what thisestion should be abouiRecent
toxicological studies provided some evidence that onoae impair metabakm and affecbody

weight, BMI, and body composition, aswellaseffe@i c] cal ori c intake. o0

The newevidence fometabolic effectsloessupport he feasibility of ozone CV effects, givereth
strong link between the two.

P. 514 fAcutephas liverpot ei ns, such as CRP, <canThaishot as sen
accurateCRP is made in the lar, and isamarker of systemic inflammatioits production is driven by
interleukin6, released by a variety of cells during inflmation.Although poduced in the liver, its not
considered a clinicallyseful marker of liver function.

5.1.5.3.4, Sumary, p. 5-17. fiElevated circulating stress hormones are consistently observed in animal
models and in controlled human exposurdistsi afer shortterm ozone exposuréThisdhhou |l d be dAi
single human controlled exposure studyo.

The last sentence tifis summay statementi{Thus, neuroendocrine stress activation is essential to the
development of adverse metabolic outcomes aftertterm ozone eposureg) is overly broadand not
completely supported by the described (adrenalectomy) studies.

5.1.54., p. 518. Serum lipids. Thedescription of th&€hen et al 2016a study is uncleand it seems
incorrect.According to the Absti&, thisstudy deas with changes in lunfunction and nasal
inflammation among schoolchildrevas the reference intendealtie Chen @16b?

5.18.,p523.Ket one bodi es as isamotéacouaatedetre bodiesfaralsbiaa b et e s
i ma r k earvatiormrfconsumng a ketotic (low cab) diet.It is more accurately a marker of

metabolic stress or perturbation with aeds to glaose utilization It does go up with diabetic

ketoacidosis and can be considered a marker of that condition, but mabetedn general Transient
elevatbn of ketone bodies does not mean a person has or will get diabetes.
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Table 5-1. iConsstent epi@mologicevidencée i s i nappropr i enesawudygi ven t he
supporting it.

Appendix 6 - Mortality

Table61,ud er HBvKedye theee st at e meAnimal toxeologicldaed,confiolled human
exposure studies do not provide cotesis evidene of potential biological pathwaysActually, the
experimental animal evidence for CV effei$airly robust andconvincing. It wasmosty the
inconsistency ithe human studies and the relative lack of CV morbidity stubaded to the ltange
in causality determination

6.2.7, Summary and Causality DeterminationLongterm total mortality, p6-40. The following
staement n this secton contrasts witlprevious text and the overall conclusiofi§here is coherence
across the scientificigtiplines(i.e., animal toxicology, controlled human exposure studies, and
epidemiology) and biological plausibility for ozonelaed caribvasculafAppendix 4) and resratory
(Appendix 3) endpoints, which lend some additional support to the grortality relaionshipo The
point is made repeatedly earlier in the ISA that the clinical studies are inconsistent with regard to CV
effects.This senteneneeddo be recasidered and harmonizedth the rest of the document

Appendix 7 - Other health endpoints

Nervous systemeffects Apparently included in this are the effects on the pulmonary irritant
receptor/autonomic pathwaysatrare vell-establshed pulmonary effects indbh animals and humans.
Consideration should be given to separating this hawthg thissection include effects beyond the
pulmonary irritant response loogperhapdimiting it to brain,cognitive andbehavoral effeds.
Othemvise this categorig causal based on the knolaeal pulmonary neurogical effects.

P.7-42,line21fir e prveod uecftfiect s shoul d presumably be fAner
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Dr. Ronald J. Kendall

TheR Ext er nal Review Dr af t dorazordaedgelabdphetdchesncal e nce as
oxidants (hereafterfer ed t o as dAdraft | SA0) pr etl@®@rotedbn by t h
Agencyds (U. S. E P A) rornerttal Assesmén | ResearcheTriandgledPark Evision
(NCEA'T RTP) as pd of EPA & ongoingeview of the primary (healthased) ad secondary (welfare

based) National Ambient Air Quality StandafdNAAQS) or Ozone was released on September 26,

2019. TheEPA staff weredire ct ed by EPA Admi ni str at progeonthe ew W
review of the NAAQS for ground level ozerhrough production of the Draft Ozone ISA and

accelerating theaelopmenbf a Draft Ozone Policy Assessment so that blmtuments coulte

delivered for CASAC and public review by October 2018e present prelimnary comments by Dr.

Ronald J. Kendallill firstly address Appendix 8 of the draft ISA for ozone antbsely will address

Appendix 9.

To supplement the standigged charge geston and guide the scientific review of this ISA, thefEias
idertified these additional areas for Clean Air Setgic Advisory Committee (CASAC) review and
comment.

EcologicalEffects ofOzone (Appendix 8)

Please comment on the iddiatation, evalation, and characterization of the available scientific
evdence from studief ecological effects of ozone, ane @pplication of information from
these studies, as presented ppAndix 8 d inform causality determinations for these \aedf
outcomes.

First of all, determinations are made about causatiornvaluding evidenceaaoss scientific disciplines
and are bsal on judgements of consistency, coherence and biological lpléysf observed effects, as
well as related uncertaingielt was notedha the ISA used a formal causal framework to clas$iéy t

i wightoftheewid ence d usi ng a hatcharacterizedthe ¢éviddnie ¢hat forms the/badis

of causality @éterminatiosf or wel f are ef f ectl ad atoeng diklipedlse oaf a

causal rel ati ons hwhpmausality ddee sic nabieonhnkasandobanged
causal 0 changed to Asugeracdusae € adbf onbbhi podt ©ObheE
between ozoe and welfareffec t s i ncl ude HAsuggest irvoed &ifd,e qhuuatt endo

There are 12 causality determinatédor ecological effects of ozone that are generally organized fr

the indviduatorganism scale to the ecosystem scalegted in Figue ES5 in the ISA. To summarize

the findings of the 2013 ZdnelSA, five arecausal relationships (i.e., visible fat injury, reduced

vegetation growth, reduced crop yield, redupsatiuctivty, and altered below ground biogeochemical
cycles), and two arlikely to be causal relationships (i.e., reduced cagegustration and éered

ecosystem water cycling). Onetbé endpoints, alteration of terrestrial community compositias, h
nowbeerconcl uded t o be a i ctha20i8OzonEeA thestendpomtsvasi p 0 wh e
classified as .Thleendvehdyointategobes (i.ec, ncreased ttee rabty,

alteration of herbivore growth and reproduction, alteratioplantinsect signaling) not evaluated in the

2013 OzondSA arealldeerm ned t o have a Al i kel yzote.®lanbe causa
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repraduction, previously considered as pafthe evidence for growth effects is now a statwhe
causal redtionship aillustrated in Figure ES.

Visible foliar injury from ozom® exposure has been well characterized and documentedeca&ies

involving many trees, shrubs, herbaceous and spgeies in using both longgrm field studies and

laboratory appyaches. Ewvemore recent experimental evidence continueshtaw consisten

association between visible injury and ozone exposuppatingafic aues at i onshi po bet
andvisiblefol i ar i njury. Consistent wusaltelainhlei 2® 18e tOw ¢
ozone and reduced plantgrowthd a flatbwmsali poe bet ween ozone and
quality. In the2013 OzmelSA, EPA considered reproductiontime same category with plant growth.
Increased information of planeprodudbn (such as flower number, fruit number, frwigight, seed

number, rate of seed germination) and evidence for diregatiee df ects on eproductive tissues, as

well as for indrect negative effects (resulting from decreased photosynthesistaer whte plant

physiological changes) warrants a spécausalitydermi nat i on of a fcausal re
ozone expagre and reduced plat reproduction. Since the 2013 OzosA\| large scale statistical

analysis of many factors concludedtthauntylevel ozone concentrations averaged over the study

period signifcanty increased tree mortality and many plant functidgpés This evidene,combined

with observations of longermdeclines of conifer forests in several high ozone regionsmiand

experinertal evidence that sensitive genotypes of,ipaldrly, asperirees have increased mortality

with ozone exposure, supp@fi kelytobecau s al r el at i ons hispmandired ween o
mortality.

In addition to the direct effects of @ae on plats, 0zone can alter ecological interactions hkestw plants
andothea species, including herbivores that may consume ecegpesedvegetationSome recent

evidence of insect herloves in previous ozone assessments and new studies covering afapgcie
provide coll ective ikdyabdecamalr e | talt d to nsthp par tbet avefeln
and altered hertore growth and repoduction. Many plantnsect interactinsare mediated between

volatile plant signaling compounds, whiplants useo signal other members within an ecological
community. New evilen@ from multiple studies show altered/degraded emissabohemical signds

from plants and reduced detectionptdnt signaling compounds by insects. Therefore, the collective
evidencesupor t s fia | i kel y t o benozore expasd andraleldateont of plants h i p 0
insect signaling.

At the ecogstemsale, ozonecau s ed suppr es s i 0 hessovhichgdndeadttosréducgdh ot 0 S
ecosystem carbon content. Consisteiththeconc | usi ons of t he 2dausd8 Oz one
relatiorshipp bet ween ozone exposura kKelynobecagdd creel ptriodm
between ozone and neckd carbon sequestration. Recent evidence continues to supgperteau s a |

relai onshi po bet ween oz tiomefbeatow goard hiageochamicdl cycldseWea | t e r
know ozone can affect watasein plants though several mechanisms and ultimataffect plant
evapotranspiration, which may in turn lead to possdffects a hydrogeological cycling. Evidence

continues tsupportthecaclus i on of the 2013 OzonbecwsdA t hat th
relationdip 0 b et ween 02z o n esystemwadateadyding.rAkietaiion aof comrhunity ¢

composition of somecosystemsncluding conifer forests, broadleaf forestslagrasslandgndaltered

fungal and bacterial communities in the seporedin the 20130zone ISA is augmented by additional
evidence for effects in forests and grassland communities indijcattmangé the causality
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determinati on itom sd ieip@anderEpdure anel bitared terrestrial community
compogion of some ecossgtems.

The summary of causality deteinations for ecological effect are summarized as follows:

1.

The

Conclwsions fromthe 2013 Ozone ISA that support the segenclwsions of causalityn the
current 2019 Ozone ISA include 1) visible foligjury, 2) reduce vegetation growth, 3)
reduced plantaproduction, 4) reduced yield and quality of agricultural cropse8uced
productivity in terrestrial ecosystems, @jerdion of below groud biogeochemical cycles, and
7) alteration of terresal community compgsition.

Awei ght oppers th trongwsupgpaet the mrevioua conclusions from the 22b8e

ISA subsequently identified in the conclusiomsthecurrent ISA. The smmary of five causality
determinations for ecologiceffectsin the 209 Ozone ISA, which build on the conclass from the
2013 Ozone ISA, include the following:

1.

2.

Reduced plarreprodudon f r om no fAsepar satré at a 0 38 handgpp 0 wi ©
exposure,

|l ncreased tree nagseseddndchangdiic afisiak ety nhotbe a
relationsh p o

Alternation of herbivore growth and reproduction changed fioma u x@atl i d ysessedo

Al i kel y t ationdhe pooausal r el

Alteration ofplanti nsect signal i ng f cedtodikelyiobeacansalt as s e
relationshipo,

Alteration oftemr e st ri al community composi sa on change
relationhi po t o fAcausal relationshipo.

For theg five causality determiations for ecological effects that have changed mgesfcondusions
in the current ISA from the conclusiofrem the 2013 Ozone ISA will be more fully evaluated in terms
of preliminarycomments from the initial review of thedata.

Appendi xgi8c dilEckHflfoect so i n t he dntsdentfonformaionlols A ev
ecological effects as paot the review of the air quality criteria for ozone and othert@tttemical
oxidants and to help form the scientifmuindaton for the reviewof the secondary NAAQS for ozone.
This Appendix serveas a update to Clapter 9 of the 2013 Ozone ISA (U.S. EPA13). The majority
of the evidence for ecological effects haeb for vegtation. Effects at the individual plargvel an
result in broadcosystemevel changes, such as productivity, carbtoraye, water cycing, nutrient
cycling, and community eopasition. The current ISA has adopted the use of the Popul&iqasure,
Comparison, Outcome, and Study design (PEX@d to further definghe scope of the current review
by conveying the crériafor inclusionor exclusion of studies. The units dtidy as defined in the
PECOS for ecological effects of ozone dre individwal organism, species, population, commynatr
ecosystem. It shodlbe noted that all studies included in the 2019 O¥8Aevere conductecdit
concentrations occurring in the emnment or experimental ozone concentrations within an order of
magnitude ofecent concentrations observed in the.F& ecological endpoistfor which the 2013
Ozone ISA concluded that the egittewassufficient to infer a causal relationship (i.&]iar injury,
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vegetation growth, ecosystem productivity, yield guality d agricultural crops, below ground

biogeodiemicd cycling). These wre fully evaluated in the 2019 Ozone ISA. In termeey

deeminationor change in causality from the 2013d@®ISA, the following causality determinations

for ecological efécts of ozaewill be addressed in the current revieMt the community level,

biodiversity in terms of terrestrial community compios isno w i ¢ @andsspecies interactions
includingplant-i nsect signaling is a neus aleddgonjtrdaenaat i on
survival i slycamsaan goe da ntdmsgct herbitades feeding on ozeakkected plants

isfi | Iy kae s a | eplant regroduction endpoint is nowpsaate from plant growth and a new

det er mi nat i onewaaternfiai aouns aolfo gandvtrh anyitolcepgrradad toi
assigred to insect herbivores affected by ozone. All catysd&terminations @ changes in causality
determination fomthe 2013 Ozone ISA will be thoroughly considered in the preserds of

comments. The current review only evaligastudes conducted in Nth America. In the PECOS for

ecological effects, releantstudy designsgnclude laboratory, greenhouse, fiedgladient, open top

chamber (OTC), free air carbon dioxide enrichingACE),and modeling studies.

Visible Foliar Inury in Biomonitoring

In the 2013 Ozone ISA, the evidence was sufficient telcolethat there isa causal relationship
between ambierdizane exposure and the occurrence of oziodeced visible foliainjury on snrsitive
plant species across the U.S.QUEPA 2013). Visible fdiar injury from exposure to ozone has been
well charaterzedand documated on many tree, shrub, herbaceous,@op species through research
beginning in 1958. OzorAeaducedvisible foliar injury is considered diagnostic becaushas been
experimentlly induced and it is considered a bioindicator foole exposure in plants. As described in
the PECOS tool, thsope for new evidence reviewed in the section limits studigste condcted in
North America at concentrationsaurring in the environm& or experimental ozone concentrations
within an orde of maghitude of ecent concentrations. Experimental exide continues to show a
consistent association between visibl@iin and oone exposure in plants. Since the 2013 @z{SA
several studiesdve further characterized modifying factors 1) adddidield studies lave shown dry
periods tend to decrea®incidence and severity of ozoireduced visible foliar injury?) data usdin
additional species from greenhousgdsesadd to the evidercthat sensitivity to ozone varies by the
time of dayin plants, 3)phenoypic variation of foliar sensitivity t@zone has been observed, 4) in OTC
exposure (mean 12 hour ozorancentratio of 37 ppb for 118 days) foliar injury toblolly pine
seedlingsvere not related to seedling inoculation with rodecting fungi (Chieppaet al, 2015).

Since the 2013 Ozon8A, several additional studies have been conducted on bioiod&dcies:

1. Cutleaf coneflower is an ozone bioindimaspecies native to Get¢ Smokey Mountains National
Park,

2. Tree of heaven, apstaltished invasiwe species found widely across the Ul&s been identified
as an effective ozone bioindicator specieshigyNatioml Park Service and Forest Service
(Smith et al2008; Kohut, 2007)

In greenhouse exposures, foliar injury occurredl labu average ozor exposure levels of 60120 ppb
with greater injury corresponding to higher exposure (Seiler et a})2@& notel in the 2013 ISA,
visible foliar injury usuallyoccurs when sensie plants are exposed to elevated ozone concentsation
a predisposingenvironment. A major modifying factdor ozoneinduced visible foliar injury is the
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amount of soil moisire availdle to a plant during the year thhe visiblefoliar injury is beng
assessed. This is because the lack of soil meiggererdly decreassstomatal conductance of plants
and,therefore, limits the amount of ozone entering the leaf that aasecinjuryVisible foliar injury

from ozoneexposure haBeen well charactered for decades using both letegm field studies ah
laboraory appro@hes. Since the 2013 Ozone ISA, newegssh on bioindicator species and the further
characterization ahodifying fadors have provided further suppdéor the efects. New informadin is
consistent with the conclusions of the 2013 QGzt®Athatthe bodyof evidence is sufficient to infer a
causal relationship between ozone exposure and visible foliaryinjlith thedecades of research, both
in field observatioras well as experinmtal studies related to the foliar injury endpoing bod/ of
evidencaemains very strong to infer a causalaionship between ozone exposure and visible foliar
injury.

Plant Growth

In the 2013 Ozone ISA, the evideneas sufficiat to conclude thahere is a causal relationship
between ambient ozomxposireand reducd growth of native woody and herbacemagetation (U.S.
EPA, 2013). In the 2013 Ozone ISA, it was codeld thered strong and consistent evidencatth
exposured ozone decreaselqtosynthesis and growth in numerous plant specieseVherce
availabk at that time and now discussed in 289 Ozone ISA found that ambient ozone
concentrations caused deased groth (measured as biomass accumulatio annualperennial, and
woody plants inclusive of crops, annuals, grasses, shamuorees. A metaanalysis by Wittig, et al
(2009) foundhat the average ozone exposures of 40 ppb significantly dedraaseal ttal biomass by
7% across 263 studieBiomass ddines were linkedo reductions in photosynthesis (U.S. EPA, 2013),
which arecongstent wih cumulative plant uptake of ozoneaorthe leaf (Wittig et al, 2007). Further,
there is evidence ozomeay chang@lant growth patterns by significtiy reducingcarbon allocated to
roots in some species. Since the 2013 Ozone IS/Ae thetore evidencerom experimental studies that
supportdetrimental effects of ozone on plant growth:

1. Results from aspeanly standatthe Aspen FACE experiment in Vé@nsin showea decrease
of 127 19% in the relative growth rate of 3 of 5 genotypkeaspenstudied,

2. Whensite level results from Aspen FACKperiment were scaled up using the forest landscape
model (LANDISII), ozonewas found to significantly reducamdscape bioass,

3. In metaanalyss of 9 studies examining intigpecific variation irjuverile tree growh under
elevated ozone, found that edsd ozone generally reduced photosynthetic rate as well as height
growth andstem volume,

4. A study using the inasive Chinestallow tree suggés ozone response may be genotype
specific,

5. Using modésimulation couplel with established U.S. EPA ozone experesponse functions
in seedlings, estimated relative biomasslat 2.5%or Ponderosa pine and 2.9% for espand

6. In arother estimation dbiomass loss of adult trees across the U.S. for mmddmbnevalues,
eastern cottonwood and black cherry shallegh sensitivity.

In addition to these studies, there is a egobal €de synthesis of published ozongpesures studs

that documentaductions in biomass due to ozone exposure in ovepla@dspecies (Begmann et al,
2017). In the 2019 Ozon&A, there is strong scientific evidence sufficient to concludettiexe isa
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causal relationship between amiiiezone expsure and reducedawth of native woody and
herbaceous vegetation.

Redwced Pant Reprodudbn

In the 2013 Ozone ISA, reduced mpiaeproduction was not separated for causality determination and
was includd with plant growth. However, ithe 2019 Ozon&A, reduced planteproduction is
scientifically defended for a causalationsip betweermplant reproduction metrics and expostny
ozone. In fact, the recent literature shows that acrosspiargtrepraluction metrics (such as flower
number, fruit nmber, fruit weightseed number, and rate of seed germination) with elé\@posure
concerrations that ozone has significant atige effects on plant reproduction. In a first of its kind
study,Leisner ad Ainsworth (2012) conducted a aptitative metaanalysis to asses$ise general
magnitude and direction of the effectsoabre exposure orplant reproduction. In experiments theed
ambient air as the control, average fruit weight decreak#d(&t an aerage exposure of 98 ppb),
which was the largdsffect observedithis part of the metanalysis, and seed number dsged
approximately10% (at an average exposure of 68 ppistudies with ozonsensitive species of
clover, Sanz et al (16) showedhat reproduction was reducedsificantly with increasing ozone
exposure. Gillespie et al (2015) isolated the effettszoneon particdar reproductive tissues of tomato.
Pollengrains exposed to ozone have significantly reduced germiraiapollertube growth in vitro.
Reductionsn pollen vialility is, for exampe, and extremely important plant reproduction metric.

Timing of ozoneexposure relative to reproductive demeinent stages can affect reproductive outcomes
in some cases. Flaxs exposetb ozone early in their develommt tended toneduce shorter fris than
flowers exposed later in their developmentefiéhgpears to be dequate information, particularly from
thequantitative metanalysis reported by Leisner and Ainswo20812) suppding a causal

relationship betwen ozone expose and reduced planeproduction. The strength of the scientific
supportforsupor t i rcay sal Ar el at i on s bwitpwsible feliarmury and redused r o n g
vegetation growth as prmusly revewed in the current comments. Hewver, with theseparate category
of reduced plant reproduction, it can be concurreddhaslity does exstbetween ambient ozone
exposure andhis plant metric. It has been shown that diverse metrics of pgandductio decline

under ozone concentratis occurringn either the envinoment or under experimental conditions within
an orderf magritude of reent concentrations. Metrics of plamproduction, fruit number and fruit
weight, show reductions undieicreased pone when combined across sped@sozone conentrations
that spa 40 to >100 ppb. Finally, experimental ozone expoatiraltiple expermmental settings (such

as in vitro, whot dants in the laboratory, whole plants and/or reproductivetsires in tle greenhouse,
and whole plant comunities in figd settings) convicingly show ozone independently reduces plant
reprodudion. | concur thatprevious evidence and new evidenceeared here is sufficient to infer a
Afcausal r el a todomemgdwe gnd reduced plast eeproductio

Plant Morgality

In the 20130zone ISA, causality was not assessed for increasedrtotality involving ozone
exposure. The conclusionstmhe2 0 19 Oz one | SA is that thehepbdbs A
between 0zone exposure and plant mortality. SeveeaV stulies examingéhe impacts of ozone

exposure on plant mortality thimicluded the fracton of individuals in a population thdte over a given
timeframe. These experiments were focused @ndpecies elmonstrating ozone exposure can affect
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tree morality. For instancein the Aspen FACE experiment, the survival of séresidgspen genotypes

271 and 259 declined significantly keten 1997 and 2008 under elevated ozone exposures (Moran and
Kubiske, 2013)In addition, Dietz and Moorcroft, 2011) condutte lage-scale anlgsis of factors
contributing to annual mortality ofdesandfunctionaltypes in the forests of the easterwl @aantral

U.S. In their analysis, ozone was rankéwf a list d 13 factos that forests were sensitive to an

0 z 0 n e é@sswithesimilady magnitude to that of precipitation. Mortality in 8 ait10 plant functional
types were significantly correlatenith ozone 8 hour max exposures. Therefore, studies of trealityort
indicate that ozone affects this endpoint. Studiekifig zone and tre mortality are consistent with

known and wellestablshedindividual plant level mechanisms that explain ozgstetotoxicity,

including variation and sensitivity and toleran@séd on agelass, genotype, and species.
Experimentally edvatedozone exposes has been shown to increase mortality in sengispen

genotypes. Coddering the previous evidence and nemdence reviewed in the 2019 Ozone ISA, it is
sufficienttoinfe a fiol ibkee Icyaus al rel at i o mesahdirep mortaiyyt we en 0 2z

Reduced Crop Yield and Quality

In the 2013 OzontSA, theevidencewas s uf fi ci ent toabsa@adncled e i tomesrhe
ozone exposure and reduced yield guodlity ofagicultural crops (U.S. EPA, 2013). The detrimbe

effect of ozom on crop production has been recognized since thes186 there is a rge body of

research that has subseqe characterized decreases in yield and quality of agriculktvogls. As

de<ribed in the PECOS tool, the scope of nevdertce eviewed in his section are limited to studies
conducted in NortiAmericaat ozone cacentrations occurring in the environnm@r experimental

0zone concentrations within an order of magihétof reseach concentrations.

For soybeans, additionalsliesin Illinois report decreased seed/crop yield (Leisner et al, 2&17)
linear decreasén soybean yield was observed acregs growing seasons at the rate of3Y kg/ha per
ppb cumulative pone exposte over 40 ppb. For wheat, mesmalysis usingata fraon the U.S. ad
other countries provide further supporting evidetihegcurrent leves of ambient ozone decrease
growth, qudity, and yield (Pleijel et al, 2018). New studies in 1soybearilegumes inkude evaluation
of biomass and seed yield in omeexpcsed snap beaunder highand lowvapor pressure deficit
conditiors (Fiscws et al, 2A.2). U.S. modeling studies in the 2002ane ISA found that ozone generally
reduced crop yield and thaffdrent clops showed different sensitivity to ozone (Awet al 2011).
Newly available regional and national scale analyseszoheeffeds on magr crops in the U.S.,
including soybeaywheat, and maize have further enabled characterization andfigasioh of yield
losses (McGrath et al, 2015).

The relaionshipbetween ozoe exposure and reduced crop yield is well establishtiak saentific

literature and continues to be an axiea of research with many new scientific papers being published
since the2013 Ozone ISA. Recent advances in charactayiaironeeffects onJ.S. crop yield include
further geographic and tempbrafinement of ozaesensitivity in national scale estitesof maize and
soybean losses from ozone based on actual yatd @he ne scientific information published is
consistentvith the conclusias of the 2013 Ozone ISA that the body of evidensafigcient to infera
Afcausal rel at i oexgsuie pnal retbueed yieddemd qualtycohagricultural crops.
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Herbivores:Growth, Reproduction, and Survival

In the 20130zone 1R\, there wa no causality determination between ozone exposutefieds on
herbiores. We know that ozone exposure egadto changes in plant physiology, such as by modifying
the chenstry and mitrient content of leaves (U.S. EPA, 2013). Thelsangesan haveignificant

effects on herbivore physiology and belwavir here was no casensus in the 2013 Ozone ISA on how
insect and other wildlife respond to elevated ozone. Since thaweadditonal research has been
published for more herbivous ingcts as welas a few mammalian herbivores at various levels of
ozoneexposure. Asdescribed in the PECOS tool, the scogdlus review includes studies in which
alterations in invertebtas and veebrate responses were measured in individualieperat the

popuation and community levels as related to conceminatbfozone occuring in the environment or
experimental pore concentrations within an order of magnitude of recent coratems. h the 2013
Ozone ISA, a metanalysis that incluedd 16 sidies pubkhed on insect herbivore species between 1996
and 206 fourd that elevaeédozone decreased development timeiaoteased pupil mass in insect
herbivores with more pronouncedegfts occuring with longer durations of 0zone exposure Réaha

etal, 2007).Since the 2013 Ozone ISA, there is new evidencerfdpe@irts related tagrowth,

reproduction, and survival im$ect herbivores encompassing the orders Coleoptera, Hemiptera, a
Lepidopera. With the available science reported in tB@20zore ISA regading the effects of ozone

on growth, reproduction, dnsunuval of, paricularly, insect herbivores substantredwinformation has
been made available in order to assess atiguselaionship. In addition, population and community
level respnses revddhat changes in hosplant quality resulting fronelevaed ozone caralter the
population density and struc&of associated insect herbivore communities ultimately affgctin
ecosystenprocesses (Cornelissen, 2011). Recent studiegswed n the 20190zone ISA include

multiple experimental studies cortdlad by many reseach groups that expand the evidence bas¢he
effects of elevated ozone on growth and reproductioeiihivioreslt is recognized that while effects
were observethere emains a me limited number of studies on the effects of ozomsuwival and
population/community level responses. Ren@ing that since the 2013 Ozone ISA and with increased
researclefforts onherbivore response to plants impacted by ozomeva cagality detemination

appears justified that the body of evideixsuficienttonfer a Al i kel y t opbe caus
between ozone exposure and alteration of herbivore growtheanoduction

Alteration of Plarinsect Signaling

In the20130zone ISA,the e was fino causalityo domiteadakeratoat i on
of plantinsect signaling. Plants sighto other ecological community members through the emission of
volatile plart signaling compounds (Blande et al, 2014).lEsighal emitted byplants has an

atmospheric lifetime and a unique sidirecomprised ofdifferent ratios of individual hydrocamhs

that are susceptible to atmospheric oxidants, like ozonen(¥ual, 209). Insects and other fauna
discriminate betweeohemcal signals bdifferent plants. As described in the PECOS tdw, $cpein

the 20D Ozone ISA for considering plafmisectsignaling include studies that assess altered {iteseict
signding in reponse to concentrations of ozone occurring ingheronment or exprimental ozone
concentrations within an order of nmamideof recent cacentrations. Under conditions of eleedt

ozone the degradation of plant signaling compounds resultadnble besorienting significantly less
towards floral scet queues and exhiting preference for artificial flowers closer to tbeonesource
(Farre-Armengol et al, 2015). As reported yicusly, herbivorous insects use plant signaling
compounds to laate suitat# host plants and ozone can alter these intenagtBlande et al2010). In
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chamber studies, elevated ozone reducedlbiigy of insectherbivores to find their plant host (letal,
2016). Striped cucumber beetles could not distinguishdsetwleaniaand air containing floral

volatiles when the zpneconcentratiorexceeded 80 ppb (Fuentes et al, 2013). In additiant geferse
respomses include emission of plargignalingcompounds to attract predators and parasitoids that target
the hebivores fedng on the plant. In studies reviewed in thd2@ne ISA and n& studies on
parasitoidhost attraction show eithezducederhanced, ounaffected behavior by elevated ozdqei

et al, 2016). Altered plants signaling to natural enemié®rddivoregdisrupts predateprey trophic
interactions. Theénteraction of ozae (>50 ppb) with plant signaling compounds disraipéspoduction,
emisgon, dispersion, and lifespan of thesempounds. Considering the available evidence reported in
the 2.3 Ozone I& and more recent research efforts while as veelbqizing uncertaties around

how chemical signaling responses obedrinthe laboratoy translate to natural environments, #6419
Ozone ISA makes a new causality determination that the dfoeljidenei s suf fi ci ent t o
causal relatioshipd b e t w & exposwezandmalteration of plansect signaling.

Redwed Productivty in Terrestrial Ecosystems

In the 2A.3 Ozone ISA, the evidence was sufficient to conclude therecausal relaonship between
ozone exposure and reduced plambductivity. Theterrestrial carbon cycle integrates processes at
various sales rangingto organelles to individuals to biomd€hapin et al, 2002). Gross primary
productivity, which is the ifhux of CO, from the atmosphere via photosynthesis at tlosystem scale

is fundamental to global carbon cycling. Since the 2018r@23A\, two new stidies have reported on
the effects of o@aneon gross primary productivity. Fares et al (2013) condudisisscal amalysis of
data to quantify the effect of ozormn carbon assimil&n. In California, ozone decreased carbon
assimilaton by 12% in pine brests in the Sierra Nevada and by 19%am orange grove in the Central
Valley. Yue and Unger (2014) aptied the sae ozonedamaged thresholds in their analysist tivare
used in premus models to assess ozone damage. What was leaasederesses in goss primary
productivity as a result obzane range from 1L4% and were greatest at sites showing both hi
stomatalconductance and high growing season ozone ctratiens. Carbon asmilated into plant
tissue via photosynthesis istat respgred or cofributes to net primary productivity, vudh is often
measured as the rate of plant biomass accumulaibiie muchof the research published since 2013
Ozone ISA isconfirmatory, othe work has provided new mechanistic insight into efffects of ozone

on net primary productivity. Evidence ohe effect of ozone exposure in ecosystem productivity comes
from many diffeert experiments with different study designs iwvaiety of ecosysms and models.
New information is consistent with rolusons of the 2.3 Ozone ISA that the body of evidence i
suf ficient and i ncreasi ng ednozonexbsere anciredicechegosyatem r e
productivity.

Reduced Carbon Sequestion in Terrestrial Ecosystems

Terrestrial carbosequesaton is the sum of carbon contained within biomaasl soil within a defined
ecosystem typically quantified on a lwyear sale (Koerner 2006). As in the 2013 Ozone 18#gg
assessments ofdleffects of ozone on terrestrial carbon sequestratiefrom model smulations.
However, an assessment of #ffect of ozone on ecosystem carbon content at the Aspen FACE
experiment wa published in 2014. At the conclusion of thepen FACE experimerdfter 11 years of
fumigation, Talhelm et al (2014) sbrvedha elevatel ozone decreased ecosystem carbon coite
plant biomass, litter, and soil carbon to 1 m in depth9%y Totaltree biomass carbon was 15% lower
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under elevadozone with decreadavoody biomass counting for nearly all of the efiaciree
biomass. heresults from the Aspen FACE experimend the model simulations provide further
evidence that ozonen decreasecosystem carbon sequestration. Althoughdibeease in net primgr
productivity were temporary in the Aspen FACE expent,the 10% decease in cumulative net
primary productiity at Aspen FACE was associated with a 9% decrease in ecosyamteom staaige
(Talhelm et al, 2014). The relationshipween ozone exposur@d terrestrial carbon sequestration is
difficult to measureat the landsgpe scale. Most of the evidence regagthis relationship is from
model simulations, although this graint was gamined in a longerm manipulative chambégss
ecosystem experimeknown as Aspen FACE, already described. Even witltdtions the reslt from
the Aspen FACE experiment angpgorted by model simulation provide further evidence that is
corsistent wih the conclusions of the 2013 Ozone ISA ti&tliody of evidence isufficient to
conclude ther e adlrehian sfnli ipkea dzgne éxposubeeandceduced carbon
seqiestration in ecosystems.

Soil Biogeochemistry

The 2013 Ozne ISAcontuded t her e i s a 0 c aaranadxposue bradhi ons hi p
alteration of below ground biogeochemical cyclesS(~EEFA, 2013). Thi causality determination was
based onhtebody of evidence known at that time. The 2013 Ozone ISA @P3,, 2013)presented
evidence that ozone alters multijplelow ground endpointsncluding root growth, soil food web
structure, sdidecanposer activiies, soil respiration, soil carbon twver, soil water cycling, and soil
nutrient cycling. The new eveshce sincéhe 2013 Ozone ISA included in the 2019 Oztsw confirms
ozone afécts soil decomposition, soil carbon, and soil ngrodsd carbon isoften a mix of inorganic
and organic fansof carbon, the latter may be from living and/or dead plamhahifungal and

bacterial organisms. The effects of oean several aspectd soil carbon have been investigated.
Ozone can altehe g/cling of nirogen in the soil via its direct effeon plants. Nitrogen is an important
element to plant life as isioften thdimiting nutrient from most temperate ecogyat The 2013 Ozone
ISA (U.S. EPA, 2013) documented mixed results of ozffexs on soil nitrogen pools and processes
with results ndicating no effect in meadow nitrogen biomass or potentiafioétion ard denitrification
(Kanerva et al, 2006). Whilezone was shown to @nease nitrogen released from litter in a forest
(Steelkenetal, 2010),0zone decreased gross nitrogen mineedtn (Holmes et al, 2006) at Aspen
FACE and nitrogen releaseofn soil litter. The 2013 Ozone ISA presented evidenceédhane was
found to d#er multiple below ground endpoints, including rgobwth, sal food webstructure, soil
decomposer activitiesoil respiration, soil carbon turnover, soil water cycling, aaill nutriert cycling.
New evidence since the 2013 Ozd8A (U.S. EPA, 2013)ncluded in this assessment confirms ozone
effects orsoil decomposition soil carbon, and soil nitrogen. Ovelrdhe evidence does not change the
conclusions from the 2013 Oze ISA (U.SEPA, 2013) and, therefore, suggests thahezan alter

soil biogeochemical cycling of carbon and nitrogen, althodghdiledion and mgnitude of these
changes often depends the species, site, and time of exposure. Currently, it is nioedjthait does
not appear to be a consistent exposasponse relationshi he body of evidence is sufficient to
conclude thathereisa f c wuastailons hi po b et wdkte alteratiproohbelowegropnd s u r
biogeochemical cycles.
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Alteration of Terrestrial Community Composition

In the 2013 OzoelISA, the evidencews suf fi ci ent to copamdalude t here
relationshp detwveen ozone exposure and alteratiotegfestrial community composition of some
ecosystems (U.S. R 2013). Gzone altered above ground plant communities, sisdonifer forests,
broadleaf forests, and grasslands and altered famghbaterial communities in the soil in both natural
and agicultural systems (U.S. EPA, 2013). Ozone effects on indaliglants analter the larger plant
community as well as eéhkelow ground commuty of microbes and invertebrates, which depend on
plants & carbon sarces.In the 2013 Ozone ISA, evidence aooe effects on forest composition was
drawn from the observiahal studesof conifer decline correlated with ozone expasAllen et al,
2007). New evidence suggests that ozone alters tnegpettive interactons for nutrients, such as
consistent witlprevious research on altered tree community composition a#rABACE shwed that
elevated ozone altered the relative cetitn for nutrientsamong aspen genotypes (Zak et al, 2012).
Since the2013 Oone ISA, nav studes extend the scope of evidence rdgey forest community
composition to include synthesis anddsts. In tle 2013 Ozone ISA, there was evidence of ozone
effects on grassland comunity composition in controlled experimental expasstudes, in moetls, and
in reviews. Key new studies incledxperimental ozone exposures that allow evaluation of ozone
effects ongrassland community composition and analysesekglicitly include ewvironmental or
annual heterogeneity.

Even with microbesthe 2013 Qone ISA documented effects of ozone onl saicrobial communities

with changes in proportions of bacteor fungiasa result of experimental ozone exposures asgand
mesocosms, pdand mesocosms, and forest mesocosms. In adddi@mgsin soil microbial

communities in agricultural systeamas reported (Chen et al, 2010). Even with bacteria, thgé 201
Ozone ISAfound decreases in bacterial abundance in regporelevated ozoneimeadows and

forests mesocosms. There have beanymewstudies reprtedto assess the effect of elevated azam

soil bacteria. The 2013 Ozone ISA found effects of oaxp®sure omsoil fungi (U.S. EPA, 2013).

Studies found thaizaone exposure decreasfungal biomass in meadow mesocosms, marginally
increasd fungal alundane in peatland mesocosms and altergtgil community composition in forest
soils. Many new studigsave evaluted the effects of ozone on fungi since the 2QiZéne ISA. The

2013 Oone ISA found evidence sufficient to conclude thaetesa A ltolkee & y s a | rel ati c
between ozonexposure and the alteration of community composition of sorosystems. #dence of

this relationship was presented forddg communities of ges, grassland communities of grasses, herbs,
andlegumesand soil microbid communities of bacteria and fungteently published papers extend the
evidence of each of thesapics inthe 2013 Ozone ISA.

In forests, previous evideaincluded correlatio on studies across ambient gradients of ozonesexp
that found efectsof ozone on conifer trees, studiesmgontrolled experimental exposure of trees that
found effecs of ozoneon deciduous trees. Key new studies show tha¢bational and experiental
observations of ozone effects on tree speeendo affectregional forest composition in the Eastern
U.S. (Wang et al, 2016). In grasslands, previous evidencedadl multipe studies from multiple
research groups to shdhet elevated ozone #ts the balance among grasses, forests, and legum
There are new sudiesthat show ozone affected the ratfogoass to legume biomass (Gilliland e al,
2016). In soil micobial commuities, previous evidence includes studies tbatd effects on the t&

of bacteria to fungi in soil communities aslas efects on conmunity composition of mycorrhizal
fungi. New studies confirm that elevated ozone alters soil microaial,talthogh as with previous
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evidence, the strength andeltional effects ar@ot consistent across all ecosystems. The 2018€©z0

ISA presented mltiple lines of evidence that elevated oeddters terrestrial community composition,

and recent evidercstrengthes our understanding of the effects of ozone @mipcommunities while

confirming that the effects of ozone on soil migial caonmunities ae diverse. The body of evidence is
sufficientt o concl ude that t her e dazee expasicarduhe alterationeol at i ©
community compositionfesome ecosystems.

Alteration of Ecosystem Water Cycling

In the 20130zone IR\, the evicence was sufficient to conclude there isiakely to be causal

rel ationshi po bet whe@terabo af ecosgstera wateo cyaling 8J.SaEPA, 2013).
Plants are responsibfer part of the ecosystem water cycling througbtruptde of soil maisture and
groundwater as well as transgion through leaf stomata to the atmosphere. Changes foathisf tre
water cycle may in turn affect the amount oftevanoving through theoil, running off over land or
through groundwateand fbwing through streams. Ozone can affect water uselanis and ecosystems
through several mechanisms, including dgmto storatal functioning and loss of leaf area, which may
affect plant and stahtranspiration. During the review of the 2013 ©2dSA,there was dbateon the
assumption that ozone exposuoasistently reduced stomatal conductance in plants. Sestachés

hawe found increased conductance, suggesting stdmhggéunction in respase to 0zone exposure.
However, other studies fodrozonecaused a lssof stomatal control, incomplete stomatédsure at
night, and a decoupling of photosynthesis in stah@onducance. There is mounting biologically
relevant andtatistically signifcant data from multiple studies showing the mewdms ofozone effets
on plantwater use in ecosystem wateclkgg (reduced leaf area, reduced leaf longevity, change®in r
and brach biomass and architecture, changes in vess#m@my, stomatal dysfuction, reduced sap
flow). The most compelling estlence sbwing effeds atthe ecosystem level is from studiesgastern
U.S. forests and from the Aspen FACE. All of thisvnaformation supports the 2013 Ozone ISA and
supports theandusion in the 201®zone ISA that the body of evidence is sufficientonclde there
isa ifklel y t o be c aueemionerexpdbsare andtime alteiatprof dc@system water
cycling.

Geneal Comments

1. 1 compliment the United States Ermimental Protection Agncy for the thoroughness and
completeness of Appelix 8 enti t | ecadogic &lIE Ef f ect s0 aselpegnated of t
Science Assessment.

2.1 agree wi t heterniinabndifar thei coraplorientsyfar ecological effectssidered
in the 2019 Oane Integrated Science Assessment including Blgifoliar injury, 2) reduced
vegetation growth, 3) reducethpt reproduction, 4) reduced yield and quality of agricultura
crops, 5yeduced productivity in terrestrial ecosystegjsalteration of belowground
biogeochemical cycles, and 7) alteratidriaredrial community composition. | agree with the
Al i tobeycausal 0 deter mi nat i onldy, 2)alteationdfi ng 1) i
herbivore growth and reduction, 3jeahtion of plantinsect signaling, and 4) reduced carbon
sequestratiom terrestrial ecoystems and 5) alteration of ecosystem watgcling

3. Itis my impression that a thorough review and rapgrof thescientific literature that has been
generated sinche 2013 Ozone ISAas been incorporated into the 2019 Ozone ISA.
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4. In termsof the sumnary of causality determinations for ecologl effects, | support the
determinations made by the U.S. ERAa funabn of the science availability and its

interpretaton.
5. Although histaically the predominant ecological effects assésgigh azone exposte hasbeen
with vegetation, the current prd i XE Bo Iiogi c all Effectso, has at

terrestrial \ertebrates, including rabbits and goats, and how thay respond to tdred
vegetation as a function of ozone exposutiink that this aea stould be expanded in terms of
alteraton of individual plants and plant communities can disrupetrral vetebrates, and not
just invertebrates. Therefore,daommend considerah of an expanded research plan to look at
the inplications of alteredvegetation communities from ozone exposand reponse to
terrestrial vertebrate herbivores.
6. Althoughthere is n depth consideration in other sections of the 2028ne Integrated &mnce
Assessment involving human health implicasdromozone exposre, which are real and well
defined causandeffectrelationships that have been scientifically studiembnsideaide length
of time, nothing is mentioned with wilé#. In Appendix8& Ec ol ogi c al Ef fectso
mention whatsoear of wildlife toxicoogy implications for ozone exposure,fatgh huma
health implications have been considerably comeuien othe parts of the 2019 Ozone
Integrated Science Assessmt. | recommend tat least consider and develop a research plan for
a birdmodel thatcould be assessed in terms of the wildliseicology of ozone exposure in
warm-blooded vertebrates. Thipouldbese nt i al |y a fAcanary in the
detecting toxic gags by miners through a bird model. | think thimyeaconcgt could be
implemented utilizing an avian model fdrestudy d ozone exposure in terrestrial warm
blooded norhuman vertebrtes (Kendall at el, 2010).

Climate Change (Appendi)

Please commeron the identification, evaluation and charactgation d the avaihble scientific
evidence from studies ofmmeffecs on climate, and the application of informationnfrthese
studies as presented in Appendix 9 to inform causdétgrminations fothese welfare
outcomes.

For effects on climate hangesn the abundnce d tropospheric ozone disturbs the iedive babnce of

the atmosphere by interacting with incomswar radition and outgoing longwave radiation. This

effect isquantified by raditive forcing, which is the perturbation in nedigionflux at thetropgause

caused by a change in radiativactiveforcing agent after stratospheric temperatures heagjustedo

radiative equilibrium. Through this effectonthea r t h 6 s balareel troposphayicozone plays a
significant rde in the climate ystemand increases in tropospheric ozobaraance ontribute to

climate change as addressed in the 2D28ne ISA Recent evidence continues to support a causal
relaionship betweentmpo s pheri ¢ ozone and vytaldecassal reianshf pa cv inag
radiative forcing between tpoghericozone and temperature, precipitation and relateciacé

variales referred to as climate change in 20630zonelSA. New evidenceames from the
Intergovernmental Panel on Climatbeahge (PCC) Fifth Assessnent Report (AR5) (Myhre et al, 2013)

and suppoting references. As thoroughly discussed in thed2D2one ISAnone of the new studies

indicate a change to eitheausality determiation included in the 2013 Ozone ISA. In termgibécts

of troposfheric ozone and climate change, radiativedihngrera i ns a fAcausal 0 rel at
temperature, prediation, amdr el at ed vari abl es marelationship.riCorstenii | i k e
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with previous estimates in the 2013 Ozo84 the2019 OzondSA is consistent with previous

estimatesthe effectof tropospheric ozone on global surface temperdtumigh isimpact on radiative

forcing continues to be estitea at roughly 0.10 0.3°C since industrial times. While the warming

effectof tropospleric ozone in the climate system is estabd, predsely quantifying changes in

surface temperature dteetroposperic ozone changes along with related climate éffeequires
complexclimate simulations. There are current limitagan climate modelngtods that need to be

recognized and theeed formore comprehensive observational data on thesa®figuresetrsources of
uncertainty in quantifying the precisgagnitude of climat response to ozone changes (Myhre et al,

2013). Al of thisevidencaeinfor ces t he fl i k ohship btween braposgharic szane 6 r e
and temperature, precipia, andréat ed cl i mat e vari abl eismathe cdhh avag
in the 2013 Ozone ISA.

General Comments

1. I complimentthe Unted State€Environmental Protection Agency for conting to clearly
characterize and communicate the effects ohezs reladto climate change building on the
2013 Ozone ISAo the current doguent, draft 2019 Ozone ISA.

2. Although evidence hascreasd supportirg therelationship between tropospheric aeand
aspcts of <climate c¢hangehi pioadmdiveifdicing gs wall agiec a u s a
Al i kel y t el ati o damphcdsfprotemperatune, precipitation, and relatiedate
variablesthe @usality determinations reached ie 13 Ozme ISA are even further supported
in the 2019 OzonkSA, and Istrongly concur with that position.

Further resealcwould be usefubarticularly quantifying the relationship betweegiond ozone RF
including from ozone aerosols and other stimed cimate forcers on the hydrologic cycle,
precipitation, and atmspheric circulation patterns; improving understandi@nd ability tomodel
critical ozoneclimate processes; and canting exploration d links between precursor pollutant control
strategies climate, and ozone concentrations. These resstnatiegiesvould be extremely useful as we
continue to betternderstand the rolef ozone in the climate system scientific arena.
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Dr. Sabine Lange

My maincomment topics are discussed at the beginning of this document, with the details for each
commentdescribedafter these summariefollowed by the expert consultant responses to my questions.

A reference list can be foundtaebottomof this doaiment for those studies that are not referenced in
the ozone ISA.

Charge Questions:Please comment ondhdentifiation, evaluation and characterization of the

available scientific evidence from epidemiologic, controlled human exgdsxicdogical and

assocated human exposure and atmospheric sciences studies and the application of information from
thesestudies tanform causality determinations for human health outcomes.

1 Appendices 3 7 present assessments of the health effssbciatd with shot-termand long
term exposure to ozone. The discussion is organized by exposure duration, broadfeetdth ef
(e.g, asthma, ischemic heart disease, etc.), and scientific discipline. Please comment on the
characterization of the evade@ withinthese chagrs.

1 Please comment on the portrayal and discussion of the biological plausibility evidence presented
in Appendices3-7 and the extent to which: (1) the organization adequately captures the current
state of the science with respeazfpbtentialpathways ly which ozone could impart health
effects, and (2) as currently constructed, inform causality deterorisati

StudyQuality

The EPA has improved their systematic review and study quality assessment. However, the study
quality reviewneeds furher developnent.

1 Only certain studies were included in the quality analysihile the EPA notes that those from
causal andikely causal designations, as well as those whose causal designations had changed
were included, not all the studi'em thoseappendiceshad qudity evaluations in HAWC (for
example, for the longerm metabolic epidemiology studie®nly oneof the 6 sudies cited in
causal designation Tabledshad a study quality evaluation listed in HAWC). There should be a
more cmsistent irclusion ofall relevant studies in the study quality evaluation.

1 Itis not clear how the study quality assessmemitegratednto the main texand how it
informsthe conclusions based on the evidence

1 Given that the causaliggeterminations eXgitly state thatheres evi dence from a
studyo it is stildl not c | efalri gMityi@iibhe GASACI i es t
meeting on Dec 4, 2019 the EPA stated that all studies discussed in the revidwgivepeality,
butmore inbrmation slould beprovided about how this decision is made, particularly given the
fact that some studies that aiscussedn the document are clearly higher quality than others.

1 Chance, bias, and confounding are all potentiasons for a stydo ob&rve an assaation
between two variables (Zaccai, 2004) and therefore should be more explicitly considered when
presenting andliscussing study results.
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o0 More factors than just copollutants should be considered as importanticdefs in the
referenced pidemiologystudies.

0 Results that are not statistically significant should be indicated as such in the ISA
discusson. If theeis a reason why statistical significance may not have been achieved
(e.g., low sample size), this aiid be included irthe digussion ofthe stuly resultsThe
general conclusion from the expert consultants was that statistical significeseatd
to be given some consideration, but there are other factors such as patterns in the
epidemiology data thalso should beatctorednto the cadusions that are drawn.

Accuracy of Presentation

The EPA should provide a balanced summary of thdystesultsor each health endpoint. Adequately
communicating available positive, negative, and null results provides useful ititorrfaa further
documentsin the ozone NAAQS review.

1 Insectionsummaries, divergent results should not be ignored attuer showd be included in a

more nuanced summary of results. For example, the Arjomandi et al. 2018 study did not find an

associabn between GSTM1 enotype and inflammation. However, ihé summary section for
respiratory effects in healthy populatidhss divegent finding was not included or even

intimatedt he EPA stated that fARecent sdandlepaads ar e

on ob&ved nterindividual variability in infammatory responses, providing additional evidence

that GSTMnull individuals are more susceptibletoozenee | at ed i nf |l ammat or y

1 Further, information summarized from one section wtlzer slould maintan theaccuracy and
nuance of the undsfihg data. For example, in sections 4.1.16 and 6.2.4.1, the BRA s
A S pfeeally, the evidence from controlled human exposure studies provided support for
increased decrements in FEV1 and greatflammatory reponsesto ozone in individuals with
astma t han in healthy indivi dusadttecasd, thechout a

respiratory chapter addresses this point at length, and states that people with asthma are not less

sensitivethan peple withoutasthmafor lung function effects.

1 TheEPA should provide accurate study information as well as stuthlugions.The study
results presented in the metabolic chapter are particularlygeoe and need to be reviewed
carefully. Forexample,

o Insectin5.1.4(overweight and obesity) the EBAt at es t hat AOzone
males on the control and hidét dietsto eat statistically significantly more food and
trended toward statistically significant increases on high fructoséGhbetlonet al.,

2016) . lde exposure information is inceat in the summary of this study (animals
exposed one time per ele, not 4 imes per week). Also, the animals eat more, but they

dondt gai n-ismameencreasing theirtmetabolism, sttdtthgd o n ént g a i

weight with increased caloric intake?
0 Insection 5.1.5.1 (Other effects, inflammation), the EPA statesa t tyipDolbpeensce

(adult male KK mice) were exposed to ozone for 13 consecutive weekdays [4 hours/day;

Zhong et Hdwever(Table 216 9aysthabthe exposure was 3 consewogiti
days.The actual exposure in Zhong et al. (2016) was 13 weeks.

0 Insection5.1.5.4 (Other effects, serum lipids), the data presented for the Gordon et al.
2016 study is inaccurate. The EPA stdtds a heeffiect d high-fat and higkfructose
dietswasé¢ st ed i n mal e bthestwdy wdd daneviranyale diegitale 0
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ras;A Wi th ozone exposure (0.8 pexposureavase ,
0.8 ppm ozone, 5 hrs/day, 1 day/week4aveels (subacutexposue), or a single 0.8

ppmexposurée or 5 hrs (acute); fHFeinte alstsactofba e
paper says fAFemal e rats appe@Bregaddlesisof b e
diet. o

0 In section 5.2.5 (metabalsyndraneand typdl diabetes), the Jertteet al. 2017 Hect
estimates are incorrect (presented are 1.28; 95% CI: L& and 20; 95% CI: 0.96,
1.50 with NO2 adjustmeritshould be 1.18 (1.04, 1.34) and 1.13 (0.97, 1.31) with NO2
adjustment.

Do Assessient and Cocordarce

The EPA should appropriatetpmpare animal to human ozone doses when extrapolating animal
exposures to ptential human risks.

1 The PECOS statement for experimental studies in Appen@rdon pp 3L9 and 326) notes
that resting rds exposedo 2 ppmn have an equivalent ozone deposition as exercising humans,
citing Hatch et al. 1994. The EPA shaéurtherdiscusghat there is a direct relationship
between resting human and resting rat ozone doses, and thraaa tvith a vetilation rate that
is five times higher than resting will haa® times higher dose. This should be correctly noted
and Hach et al.2013 and McCant et al. 2018 (describes this misconcepsibodild be cited.

1 The EPA should also considerse in their logicd plausibiity discussion, in particular the
contrast between known personal exposure doses (which are typicgllpwerecasepeople
spend most of their time indoors and ozone is largely an outdoor pollutant) and the
concentratios at which thebserve effects @curred

1 My summary from the opinions provided by the expert consultants on the questions of animal

dosinetry is:Given that the causality determination for metabolic effects of ozone exposure is
mostly derived from animadbxicologicalstudiesjt is appopriate for the EPA to more

thoroughly discuss the dosimetric similarities and differences between arinthhumas)

beyond the simplistic reference to Hatch et al. 1994.

Clarity of Presentation

The EPA should clearlyrpsent the fidings ineach of tle ISA sections, and should provide an accurate
and balanced summary of results.

1 When discussing the rdssifrom al studies, and particularly CHE studies, it is important to
include the exposure duration (e.g. on3g26 when discussgconcetrations atwvhich airway
hyperresponsiveness has been observed) and the exercise level of the participantthée.g. in
integrated synthesis when discussing concentrations théd generate adverse effects in
healthy adults).

1 For the discussiorsddresig preexisting conditions, the EPA should specifically note data that
provides information onesponsiveness of pple with hecondition to people withouhe
condition(because this goes directly to potentially sensitive subpopulations). &opky
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0 Insection3.1.5.3when the EPA discusses CHE studies, the EPA notes that in Horstman
et al. 1995 they show that tieeare morevheeze symptoms in people with asthma
exposd to ozone is this compared to people without asthma, or ozone just sesea
wheeein geneal?

o Insection 3.1.6.2 the EPA describes the data showing whether there may be more
sensitivity to respatory effet¢s of ozone of people who are obese or wheehaetabolic
syndrome. However, in describing the study results, partigusarYing 2016, Zhag,

2016, or Gordon 2016b, the EPA does not note whether there was a greater (or different)
inflammatoryresponse tozone in the obese/metabolic syndrome arsmalsus

lean/normal animals. Because this is the purpose of this seb&se, piees of
informationshould be included.

0 The EPA includes sections about respiratory effects in pregnancy (3.2d.iR) an
populdions with metabolic syndrome (3.2.4.8).He purpose of these sections to show
that there is an increased responseztine inthese poplations? If so, then the EPA
should specifically provide information and discuss whether the data shatitkdse
groups are more sensitive. As it stands, tdoisclusion is not clear.

o Is section 5.1.4 (overweight and obesity) intentbediscissthe impat of ozone on
obesity, or the effects of 0zone on overweight/obese individuals? If it is the latter this
should bepart of the other chapters in the sectionscdssing sensitive subpopulations.

1 If possible the EPA should avoid makirgjatemets that addess arunlikely conclusion, but that
avoid addressing the conclusion of interest. For example:

0 Insectim3.154ung function): Ai t dusavath astbrmovererad e d
least as sensitive to acute effects of ozone akéhyendiv i d u Bhe emcladsion of
interest is whether people with asthmaramesensitive or not.

o AHowe v er mited evel@ce demongdtrating increased sensitivity tomma in
individuals with asthma compared to those without asthma, therasstantevidence
tha astimatic individuals experience lung function decrements in response to acute
ozone expodur dathem lsla tedsonable hypothesis thapfewith
asthma would not experience ozanduced lung function decrements.

1 TheEPA &underlyng corcern about people with asthma is perhaps not that they will have an
increased innate response mmpe expost (they do not seem to have greater lung:fiom
decrements, inflammation or airway hyperresponsiveness), but raghéndgli kely haveless 6
a buffer against adverse effects. This is an important argument that EPA should emphasize when
discussinglterespiratory effects of ozone exposure eoge with asthma.

1 The EPA has described the exercise level in key CHEeststiches Schelelg et d. 2009 as a
sl ow wal king pace, but the aut hor sxb5®niinutte hat s
exercise periods with minute ventilation mtined at 8 L/min/L of FVC (VE of approximately
40 L/min). As noted by Fatisbee ad colleagus[Folinsbee et al. 198&nd McDonnell and
colleaguegMcDonnell et al. 1991]this level of exertion wa 0 06 id to simulate evork
performed duringadaydéfeavy t o severe manual l abor 1 n o
in desciption should be tarified

1 In section 4.1.8 (blood pressure changes and hypertension) ED visits and HAs, the EPA puts the
findings inb the context of the mean ozone concentratimeasured in those areas. This is an
attempt, | think, to understand thesudis inthe contekof adoseresponse. This type of
discussion is very helpful and should be included elsewhere.
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1 When theEPA stateshat there is little evidence for ozone impag a particular endpoint, they
should clarify whether there is little e@dce beause the sidesta ve n 6t been done,
available studies do not show an association. For example, innsé@i@ (bological
plausibility) twewr diiderableunarsainty feraains if How tarm
ozone exposure magad tomortality given that there is little epidemiologic evidence of an
association between lorigrm exposure to ozonedother cadiovascular endpoints such as
IHD, stroke,ot hr omboembol i c di sease. 0 Does this me:
that stidies havebeen dme that have not shown associations?

1 In section 5.1.5.4 (Other effects, serum lipids), the ERfestin muiple locations that in an
animal study,cesti n groups were Arefractory to change
(HDL, LDL, and totalcholeserol), ages, and doses (0.25 ppm ozone) were refractory to change
(Bass et al ., meard feSignt.and siRgebts tlaatrthe @ndpoint woulteha
changed but there was some active mechanism that kept them from ch@hgs®adpoints
weren 6eéf ractory, they just didndt change.

Consistency of Resul& Reporting

The ISA would be strengéimed by maegjustification of decisions in the face of conflicting evidente.
example of inconsistent (or seemingly inconsistegglltscomes fromsection 5.2.3 (glucose and

insulin homeostasis) where evidence is presentedtioge studies (Miller el. 2016bGordon et al.

2013, Bass et al. 2013). Miller, Gordon, and Bass all came from essentially the same set of authors and
tested eféds of long-termozone exposurm male rats. But they show different effects: Bass shaveed
change in fasting giitose with abchronic exposure, but Miller did; Miller showed decreased baseline
insulin in subchronic exposed adult animals, butd@orshovedno chang in adult exposed animals,

and increases in insulin in senescent exposed agiifiaé EPA should speak whether lhere are

patterns in these results, or if the differences are spurious or show strain differences.

Consi st e n ceportilgand iBtepletdten of results is also important. For example, in section

4.1.17 (causaltdetermination) the EPAtates thafiStudies from Europe, Canada and the U.S., several

of which analyzed a large number of events per day in multiple,abesisently repated ndl or only

smal | positive effect e sofMnmrcluding for(STEMand NSTER O 1. O
(Section 4.1.5.1).06 This is the only section wh
considered by EPA. Ihiere a eason why asmall magnitude effect for this endpoint would be more

important tha a small nagnitude effect for othesndpoints2f the EPA is going to consider magnitude

of effect for these studies, they should be clear as to why, and whethsratkza relevant

consideation for other endpoints.

Applicability of Results from Animal Studies

Doseresponsiveness effects ofozone exposure in experimental studies can be used to identify
relevant biological plausibility pathways and exposspecific responses, athso stould befurther
discussed in those sections. In particular establishoreffect and loweffect mncentratiosfor
endpoints such as lortgrm ozone exposure and lung function development would ease the
extrapolation to effectsiihumanst ambientconcertrations.
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In addition, information about the comparability of animal models to human diseasearkin
extrapolating results from animal studiesuch as information about how good of a model allergic
airway disease in mide compred to hunars. Even more impdant is information allowing the
interpretation okx vivostudies, such as experimgin isolded, perfused hearts (section 4.1.4).

Shape of the R Function

As was discussed in the G@APADE@santheesppmeity;ies t o t h
epidemiology study variables can affect the apparent shape of the conceméspiams (GR)

relaionship and can obscure thresholds. Evidence for this has been provided by maryipesd

publications (Brauer el.a2002 Cox, 2018 Lipfert and Wyzga, 1996; Rhomberg et al., 2011; Watt et

al., 1995; Yoshimura, 1990) and notably by B#®A in thelSA preamble (US EPA 2015, Section 6c,

pg. 29):
AVarious sources of wvariabil i tinghelawerd uncer t ai
concetration range, possible influence of exposure measurement error, and variability among
individuals withrespecttar pol |l uti on health effects, tend

concentratiorresponse function and thus can obscurekigterte of a thieshold or nonlinear
relationship. Because individual thresholds vary from petsgrerson due to indivigal

differences such as genetic differences orgxesting disease conditions (and even can vary

from one time to another for a @ persa), it canbe difficult to demonstrate that a threshold

exists in a population study. These sources of variabilityuacertaity may explain why the

available human data at ambient concentrations for some environmental pollutants (e.g., PM, O3,
Pb, envionmental tddacco snoke, radiation) do not exhibit populatitgvel thresholds for

cancer or noncancer health effe@gen thogh likely mechanisms include nonlinear processes

for some key events. o

The problem described here is not whether a ttmldsnthe data mg exist, but rather that even if it

does exist, epidemiology studies may not be capable of definitoketyifyingthe threshold. To address
this concerrthe EPA should explicitly acknowledge in theone ISAthat variability and erroin the
varables ca linearize GR functions and obscure thresholds, and this acknowledgement should be
included in those plces wheréhe EPA concludes that the relationship betwemmmeand a health

effect is linear and has no threshdldlso recommeahthat he EPA begn to agply methods (and
encourage the epidemiological community to apply methods) to address thidgractocern

including errorsin-variables methods. If possible, the EPA should include these types of adjustments
when applying thepidemology GR functions to their risk assessments.

In section 6.1.7 (shape of theRCfunction), the EPA states thatthe previaisISA the available studies
showed no evidence of a deviation from linearity or the presence of a threshold fdershazone
mortalityrelation s hi ps. HAHowever, it is i mport anortaltytGo no't
R relatiorship is complicated by previously identified ciio-city and regional heterogeneity in ozene

mortality risk estimates (U.S. EPA, PBa). Reent studies continue to provide evidence of a lineaRC
relationship with no evidence of a threshold below whidhntatity effects do not occur along the

di stribution of ozone concentrations olat®er ved w
here noting whetherthe new studies address the consideration oftcityty or regional heterogeneity

that were conerns beforgeor if this is still an issue. If it istill an issuethe EPA should state it as such.
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In addition,some of the plotthat ae presentedby theEPA do not look linear and do appear to have a
threshold, such abke Silverman plofFigure 39), the Moolgwkar plot (Figure ) and the Di plot
(Figure 67). If the EPA thinks that there is so much uncertainty akaer erds of trese curveghat

we cannot trust the apparent U shape, then we also cannot trust that the shape is linear, and no
corclusions shbuld be drawnFor Silverman (Figure-8) there is still a lot of data at the point where the
curve bottoms out (about 2pb), ® the uncetainty cannot be all about data availability.

Ozone: All Ages

12

AR

| NRAGS

20 40 60 80 100

Note: The average of 0 day and 1 day lagged 8-hour daily max ozone was used in a two-pollutant model with PM, 5 lag 0-1,
adjusting for temporal trends, day of the week, and immediate and delayed weather effects. The solid lines are smoothed-fit data,
with long broken lines indicating 95% confidence bands. The density of lines at the bottom of the figure indicates sample size. The
NAAQS line indicated in the figure is reflective of a previous standard set in 1997. The form of this NAAQS was the 3-year avg of
annual 4th highest daily max 8-hour concentrations

Source: Permission pending, Silverman and Ito (2010).

Figure 3-9 Estimated relative risks (RRs) of asthma hospital admissions for
8-hour daily max ozone concentrations at lag 0-1 allowing for
possible nonlinear relationships using natural splines.
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Source: Permission pending, Moolgavkar et al. (2013).
Figure 6-6 Flexible concentration-response relationship for short-term ozone

exposure and mortality at lag 1 for 24-hour avg ozone
concentrations adjusted by size of the bootstrap sample (size of
the bootstrap (d) = 4).
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Relative Risk Increase in Mo rtality, %
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Source: Permission pending, Di et al. (2017a).

Figure 6-7 Percent increase in mortality for ozone in a two-pollutant model
with PM2s using penalized splines for both pollutants at lag
0-1 days in the warm season (April-September).

Interpretation of Study Results

The ISA should ddress thadversity and clinical significance of the presented health effEots.
example:

1 In section 5.1.3 (glucose and insufiameostais) the ERA presets epidemiology results that
demonstrate 0-3% chances in fasting glucose concentratihat isthe clinical significance of
thisamountof chang®@

In addition, inclusion of the significae of relationships between differdattorsidentifiedin
epidemiology studies would help clarify the conclusions that can be drawn. For example:

1 InsectionR.4.1thelPAdi scusses findings from the Child

is a relationship between ozone exposure, nesetaasting and paticulargenetic variants.

What is the significance of the relationship between geneticniarad newonset asthmand

ozone risk in the CHS study? What do those genes do? It is difficult to interpret genetic variant
information in theabsencef contextid information when determining the risk of new onset
asthma with ozone exposure.

1 In section 4.1.16 (eféct modifiation) for preexisting disease the EPA presents information
about ozonessociated changes in HR or BP in people witbandisoders. Whatis the
significance of mood disorders for ozeaesociated changes in HR or BP?

1 Insection 5.1.5.1 (Otheffects, hflammation), the EPA states that the Zhong et al. 2016 study
showed an increase in inflammatory mediators in epididwaiglose The EPA sbuld provide
information about the significance of increase inflammation in epiladyadipose, as welka
whether nflammation was seen in other visceral adipose tissues.
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It would be helpful if the EPA provided information about howrstermexposuresmpact bngterm
effects, how longerm exposures impact short term effects, and éibects of shortand longterm
exposure are separated. For example:

1 In section 4.1.8 (blood pressure changes and hypertension) the EPA notesdhanbypis a
chranic condtion that develops over a period of years. Therefore, how is an ozonsuex @b
several hoursontributirg to hypertension emergency department (ED) visits or hospital
admissions (KAs)? Are the study authors (and the EPA) plasingthat ozoneconcentations
trigger an immediate change in BP that sends the person with mgent¢o the hospital3ort
of like an asthma attack? The EPA should clarify how ozone is expected to contribute to this
endpoint.

Completeness of Studgformaiton

The EFA shouldensure that all relevant information is included in the study figuresbtes. For
example:

91 Insection 3..10.1 (copollutant confounding), the EPA notes that they provide-stelific
details in the tables in Section 3.3owkver the informdion inthose tables do not include the
effect estimates for the copollutant modelsly for the singlgollutant nodels. The EPA should
include the copolluant effect estimates in these tables, or in the text or figures of this $eetion.
latter would ke prefeble, because of the importance of considering copollutant confounding.
Similarly for the resultghat congiler confounding by aeroallergens.

1 Table 57 does not include all the information about the Ramot et al 2015istualy one rat
strain is hdudedand not the 8 that were tested, and only one of the 3 ozone doses isdnclud

Causality Deternmatiors

For the shorterm ozone effects on metabolic endpoints, it is difficult to tell if the causality

determination is warrante becagethepreerteddda a i s not al ways accurat e
presentati ono s e c. iniaddition thdre s hatansistent direation efreffest presented

T if biomarkers change in different directions in different experiments, tha¢sndter forteEP A6 s
causality determination? In addition, there is one CHE study pregbatecbrroborates the anain

studies, and one epidemiology study. However, multiple epidemiology studies are presented that have
null results.

For the longterm ozme effectson metatlic endpoints there is again a problem of accuracy of reported
results.Overall for this causaly desigration, there is limited epidemiology evidence (and that has
issues, or associations are lost with copollutants, or copothiara ttassessk studyquality was only
assessed in one of the six epidemiology studies cited in Tahlarid at ledone ofthe study quality
details was wrong). The animal evidence is not always summarized correctly and shows somewhat
inconsistehresuls. It doesconsistently show no effects at lower ozone concentrations (0.25 ppm), and
all 3 of the cited animal stigs wereconducted in whole or in part by the same group of authors.
Further analyses are provided in the detailed section of toes@ents
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For ozore and rgoroductive effects hie effects of ozone on male reproduction are based on little data
(inconsisent epideniology studies, one animal study), and additionally the EPA states for female
reproducti on t hat oniidpideniaogiostdes aeimxad, withrbenefisslarids  f r
detriments to female reproductive function with ozone exposures, tokitlogicd studies show

|l imited evidence of effects on successful compl
EPA has @ésgnatedeffects m fertiityand r eproduction as fAsuggestive

Biological Plausibility

| encouragehe EPAto present both positive and negative studies when presenting biological
plausibility pathways, as well as information abexposue concentations.

In section 5.1.2 (biological plausibility) the EPA needs to distinguish better betweeesimoand

long-term effects of ozone on metabolism. It seems that they are ascribindeshodzone exposures to
diabetes developmenk? a canparable duationwith asthma, the EPA does not attribute shentn

o0zone exposure to asthma development, buerathexackbat i on. The EPA st ates
upstream factors of autonomic activation and homeostatic imbalance canuterttsitn animal mald
orlumans being at a greater risk for developing
It is thislast piece that is tricky to separate from chronic exposure effects. These axesrapgrising,

and although a simg acuteexposure nay unbabnce them, there is no evidence presented that this is
irreversible. It seems like only unbalangthe systmover and over again (chronic exposure) would
predispose to metabolic disease.

Further Detailed Comments

Study Qualiy

1 Basa on the ifiormation in Appendix 10, the EPA has done a better job (compared to the PM
ISA) describing the methodsed for firding studies, screening them, and including or excluding
them. I still have concerns about the study quality review, iexwv€he EPA does ote that
there is a study quality review and they share the review criteria, and reference HAWC where the
study quaty assessments can be found. However, it is not clear how that information is
i ntegrated i nt o thégeaidancetet ad@ramginglquestians thdat EPAI n d
refers to on pg 121. In addition, the EPA states that they do not ndvidual $udy quality to
assess results, but rather considers the quality of the literature as a whole. There are a few
potentialprodemswith this: 1) Thecausal determinations state that there is evidence from a
A hi-gguha | i t ywittout weahtyfydg what ths study is, how can a reader tell if the causality
determination is actually based on an objecthddyerminable highwplity study, or ifin fact
the literature as a whole has all of the pieces that could make a high quality study, eyen if an
one studydoes not have all of those pieces? 2) The study quality does matter when drawing
conclusions there are certain kind$ oonclusions thattan onlybe drawn based on certain study
types and quality, and if you are weighing contradicting evielethen theveight should be
placed more heavily on the higher quality study. If this is not made clear, then how does the
reader kow how to weight the studies (or how the studies were weighted by EPA?).
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It is not clear how the EPA chose to include stadn theiHAWC study quality evaluation. For
example, for section 5.2.5 (loigrm ozone exposure and metabolic effects; metabgidrome

and typell diabdes), only one of the three cited epidemiology studies had study quality
evaluations in HAWC (Jeet et al.2017, not Renzi et al. 2017, or Yang et al. 2018). For section
5.2.6 (metabolic syndrome and mortality) neither of the ¢ited epdemiology studies had

study quality evaluations (Turner et al. 2016, Cruise et al. 2015).

In the PECOS statemefar experinenal studies, the comparison group is stated to be the person
themselves or an appropriate comparison group for CHEestodin animal bx studes to be a
group exposed to a negative control. Negative controls are crucially importantarnyghes of
studies and should be required for both animal and human studies. In the inflammation section
(3.1.4.3) the EPA notes tlmportance of thefilteredair control by discussing exercisgduced
effects, but then discusses results from studieswittinis cotrol as if it is of the same value
quality as other studiethat havethe appropriate controls.

In the integrated sumarysedions for egiratay effects, there is no distinction between those
sections with lots of data (such as lung fuma}j versusthose withlittle data(such as symptoms

in people with asthmaonly one CHEstudycited, with only singlecity epidemiology studies

and mepanelstudy). Both are presented as having consistent evidence with no note about the
strength of th@verall daabase.

In section 3.1.8which discusses respiratory ED visits and HAs, study quality considerations are
only discusseddr one fudy, Winqust 2012 which did not show an association between ozone
and all ages respiratory HAs (the EPA noted dmy a shge monitor was used for the exposure
assessment). However, the same study was used without caveat as evidencedibs. Hbevi

EPA needso congder study quality for all studies, not just those that provide disparate
information from theEPA 0 lg/pothesized effect.

Il n section 6.1.6.1 (copollutant confounding)
the configenceintervals obseved inthese studies is consistent with a decrease in precision due
to the limited data available to adunct copoluita nt anal yses due to the F
The EPA should provide information about how limited the data has testhyne.Often theg
NMMAPs studies have millions of data points, so dividing by 6 (fonain-six dayPM

sampling scheda) still provides hundreds of thousands of data points for the analysis. This
would seem to provide adequate power for the analysis.

Insecton 7.1 (rroductv e and devel opment al effesigneds) , t he
studies that consider sourcds@s, induding potential confounding by copollutant exposures,
are emphasized. 6 | do not spemr Attheiwslldesignat e me n t

studies emphasized in other chapters as well?

Accuracy of Presentation

T

In this document the A presentgpidemiology study results with different averaging times on
asingle concentratioscale, to allow direct comparisonresults However,usng asimple
concentratiorconversion does not capture the uncertainty thattresul when Ao®nverti
averagimg time to another, and may bias the resulting concentration estimates @Git&e This

has also been demonstrated bydarson ad Bell (2010), whofound that interconversion

amongst different averaging time metrics obe introduces uncertdy, and tle ratios between

the averaging times could differ across communities, as well as within communities by
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temperature, seaspand bng-term oone conentration. In addition, the Lange 2018 study

shows that the-8r maximum ad 24hr average are nsubstantiely correlated, so there should

not be interconversion between the two.

In section 3.1.4.4 the EPA notes that in thgdaand vell-conduced MOSESstudy (Arjomandi

et al. 2018) there is no association between GSTM1 py@mand inflammatior-iowever, tiis
finding is diminished by the statement at th
further evidence that G311-null individuak are mee susceptible to ozonelated

inflammatory responses, although the exmkeis not entirely cani s t @en in thé@surimary

section for respiratory effects in healthy populations, this findifigrieerr e duced t o A Re
studies areconsistentwvith previous findings and expand on observed interindividual variability

in inflammatory responses, prding addtional evidence that GSTMdull individuals are more
susceptibletoozore el at ed 1 nf |l ammat or grepaneys pobmesiamed. 0, w
a all. A similar statement is made in section 3.1.11 describing thetshortozone exposure
regiratory efects causality conclusion. This sequence demonstrates my concern with how EPA
summarizes evidence, by just dropping djent resuts, andeven inthe face of conflicting
evidencesummariesr esul t s as fAconsi stento.

In section 3.1.5.1 the EPAates thafi Bcent studies expand the existing evidence base and

provide consistent evidence of an association between ozone gilhadnissions fo asthma

(Figure 34 ) . 0 H bigure B4e(reroduced belowshows mostly just a few positive

as®ciations for chidren 518, and a lot of null associations. This is not consistent evidence.

In section 3.1.5.4 (lung function) the E#esentslata fromHorstmanet al. 1995 that

summarizes the findings that FEV1 increases with individuals who usehodiiators. Latein

this section the EPA notes that Bertoli et al. 2013 had similar findings to Horstman et al. 1995,
including that FEM decrererts increaed with a lack of inhaled corticosteroid treatment. This is

the opposite result from Horstman 1986ta consistetresult.
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1 In section 3.1.6.3 describing respiratory responses in those widxisteng cardiovascular
disease, thEPA make a fairly blanketstatement that ozone enhances respiratory inflammation,
pulmonary damage, etc, more in anignaith hypertesion/CVD disease compared to normal
animals. But the summary of the studies shows that there is conflicting evidehrse ofe
whole sebf studes shows lesser effects in the sensitive animals at lower concentrations of
ozone, and anoén £t shows thtthe age of the animal mediates the responses. More nuance
needs to be applied to the summary of this information.

1 In section 31.9 for respratory mortality, the EPA concludes that there is a consistent positive
association between ozone amdpiratorymortality. Most of the evidence is from the 2013 ISA,
with only a few studies adding to-i multi city study showg an assaeation, anda single-city
study not showing an association. The evidence in the 2013 document is underwheimyng
about 1 pge of discussion about 5 studies. Based on information from Teblaf éhe 2013
ISA, my assessmewf the presentksudiesis: Bell et d. 2005was not statistically significant;
the effect estimates in Katsouyamial.2009 were only stadtically ggnificant in Canada in the
summer (not the US or Europe in-g#ar or summer; or Canada in-gdar); Klemm as notein
the ISAis negatie,and Vanoset al.2014 is statistically significalyt positive (with much higher
effect estimates thaamy other gudy). The Bell 2005 study was a metaalysis and found nen
statistically significant effects. This evidence is consstent wth the EPA sonclsionsthat
there is a consistent positive association between ozone and respiratory mortality
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