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Comments by the Texas Commission on Environmental Quality Regarding the September 2019 External Review draft Policy Assessment for particulate matter
EPA Docket ID NO. EPA-HQ–OAR–2015–0072

Summary of Proposed Action
On September 11, 2019, the United States Environmental Protection Agency (EPA) published in the Federal Register (84 FR 47944) notice of the availability and public comment period for the External Review Draft of the Policy Assessment for Particulate Matter.
The Policy Assessment (PA) draws from the scientific evidence assessed in the draft Integrated Science Assessment (ISA) for Particulate Matter (PM), together with the results of air quality and other quantitative analyses, as available. When final, the PA is intended to “bridge the gap” between the scientific and technical information available in the review and the judgments required of the Administrator in determining whether to retain or revise the existing PM national ambient air quality standard (NAAQS). The EPA last revised the primary PM NAAQS in 2012 based on the available scientific literature supporting that standard.
General Comments
The current annual and 24-hour PM NAAQS should be retained without revision. 
The level of the current primary NAAQS offers sufficient protection of public health with an adequate margin of safety. 
Risk estimates based on recent literature in the EPA PA (2019) do not provide a sufficiently sound scientific basis for expecting that reducing the annual or 24-hour PM2.5 NAAQS values would result in real reductions in mortality risk. 
That is, statistical weight-of-evidence (WOE) and other considerations do not indicate that further reductions from the current NAAQS values can be confidently counted on to provide a real public health benefit in terms of reductions in mortality. EPA’s own work points to this conclusion. Tables 3-5 and 3-7 of the EPA PA (2019) provide PM2.5-associated risk estimates for the current annual and 24-hour NAAQS and various alternative standards (i.e., 11, 10, and 9 µg/m3 as alternate annual PM2.5 standards and 30 µg/m3 as an alternative 24-hour PM2.5 standard) based on concentration-response functions from various epidemiological studies (see pp. 3-85 and 3-88 of EPA PA 2019). These tables are used below, along with other considerations where necessary (e.g., the inaccuracy of EPA’s modeling relative to the reductions being modeled), to demonstrate this critical point.
Modeling Inaccuracy
[bookmark: _Hlk22028104]Likewise, the relative inaccuracy of EPA’s modeling does not support lowering the annual PM2.5 standard. Table C-6 of the EPA PA (2019) indicates that the mean bias (MB) in modeled PM2.5 concentrations ranges from -2.49 to +2.71 µg/m3. For every region of the US, at least one season has an MB (i.e., error) ≥ one or more of the proposed reductions in the annual PM2.5 NAAQS (i.e., annual standard reductions of 1-3 µg/m3). That is, uncertainty associated with the modeling is of the same magnitude as the annual PM2.5 reductions being modeled. As a result, the EPA model cannot even accurately model the risk reductions associated with the alternative PM2.5 standards (i.e., PM2.5 reductions) that EPA is evaluating/proposing because modeling error is admittedly the same or greater than the PM2.5 reductions associated with the alternative standards. Modeling with errors equal to or greater than the reductions EPA is attempting to model/propose is incapable of adequately supporting such reductions because the modeling is simply not accurate enough to accurately predict risk reductions associated with the 1-3 µg/m3 lower alternative standards evaluated. This is not surprising given that the average Pearson correlation coefficient (r) between the observed concentrations and those modeled by EPA (across the nation) in Table C-6 is 0.529, which may be interpreted as merely a “moderate correlation” (Schober et al. 2018) and provides a poor basis for risk assessment and scientific or policy decision making.
Short-Term Exposure Related Mortality Risk
Examination of Table 3-5 below reveals that all short-term exposure related mortality risks (best estimates) associated with the current PM2.5 NAAQS values are included in the risk confidence interval (CI) ranges for the alternative standards. For example, the current standard best estimate of 2,490 based on Baxter 2017 (all-cause mortality, primary PM-based modeling approach (Pri-PM)) falls well within the CIs for the alternative standards (i.e., CI of 850-3,450 for the alternative annual standard and 970-3,950 for the alternative 24-hour standard). Thus, based on Table 3-5 results for recent studies, there is no statistical confidence that reducing the annual PM2.5 NAAQS to 10 µg/m3 or the 24-hour NAAQS to 30 µg/m3 would actually reduce short-term exposure related mortality risk.
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Applying the same consideration to short-term exposure related mortality risks in Table 3-7 below shows that in 17 of 18 cases, short-term exposure related mortality risks (best estimates) associated with the current PM2.5 NAAQS values are included in the risk CI ranges for the alternative standards. In the single exception (i.e., Zanobetti et al. 2014, all-cause mortality, secondary PM-based modeling approach (Sec-PM), 9 µg/m3 annual alternative standard), there is significant overlap in the risk CIs with the best estimate for the 9 µg/m3 annual alternative standard (2,440) falling within the CI for the current NAAQS (2,220-4,450). Thus, based on Table 3-7 results for recent studies, there is no statistical confidence that reducing the annual PM2.5 NAAQS to a value in the 9‑11 µg/m3 range would actually reduce short-term exposure related mortality risk.
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[bookmark: _Hlk19082484][bookmark: _Hlk19082681]Based on the above considerations, it can be concluded that there is no statistical confidence that reducing the annual PM2.5 NAAQS to a value in the 9-11 µg/m3 range or the 24-hour PM2.5 NAAQS to 30 µg/m3 would actually reduce short-term exposure related mortality risk. Even ignoring the lack of statistical confidence across studies that a reduction in the 24-hour PM2.5 NAAQS would result in an actual reduction in related mortality risk, it is noted that Tables C-11 through C-19 indicate that for the vast majority of the 47 urban areas studied (including the two in Texas) there would be zero risk reduction predicted if the 24-hour standard were to be decreased to 30 µg/m3, with relatively minor reductions only in a few areas (see pp. C-44 through C-52 of EPA PA 2019). Collectively, the above information supports retaining both the current annual and 24-hour PM2.5 NAAQS (additional supporting considerations are discussed below).
Long-Term Exposure Related Mortality Risk
Risk estimates based on recent literature do not provide a sufficiently sound scientific basis for expecting that reducing the annual or 24-hour PM2.5 NAAQS values would result in actual reductions in long-term exposure related mortality risk. Examination of Table 3-5 above reveals that in 22 of 24 cases (92%), long-term exposure related mortality risks (best estimates) associated with the current PM2.5 NAAQS values are included in the risk CI ranges for the alternative standards. For example, the current standard best estimate of 15,600 based on Pope 2015 (IDH mortality, Pri-PM) falls well within the CIs for the alternative standards (i.e., CI of 10,100-17,000 for the alternative annual standard and 11,500-19,200 for the alternative 24-hour standard). Similarly, Table 3-7 shows that in 23 of 36 cases (64%), long-term exposure related mortality risks (best estimates) associated with the current PM2.5 NAAQS values are included in the risk CI ranges for the alternative standards. However, in the 13 of 36 instances (36%) where this was not the case, there is significant overlap in the risk CIs for the current standard compared to the alternative standard being evaluated (e.g., the best estimates of IDH mortality risk for the 9 µg/m3 annual alternative PM2.5 standard based on Pope 2015 falls within the CI for the current NAAQS) with the exception of mortality risk estimates based on one study: Di et al. (2017; all-cause mortality, Pri-PM and Sec-PM), which is discussed further below. In Table 3-9, again, except for estimates based on Di et al. (discussed below), all long-term (and short-term) exposure related mortality risks (best estimates) associated with the current PM2.5 NAAQS values are included in the risk CI ranges for the alternative standard (see p. 3-92 of EPA PA 2019). Thus, based on Table 3-5, 3-7, and 3-9 results for recent studies, the WOE is that there is no statistical confidence that reducing the annual PM2.5 NAAQS even down to 9 µg/m3 (or the 24-hour NAAQS to 30 µg/m3) would actually reduce long-term exposure related mortality risk.
The primary exception to this WOE is for all-cause mortality risk estimated based on Di et al. (2017) compared to a 9-11 µg/m3 alternative annual PM2.5 standard (see Table 3-7). However, there are significant scientific issues with both all-cause mortality as an endpoint and exactly what Di et al. (2017) purports to show. Strictly/literally speaking, all-cause mortality (i.e., mortality due to every non-accidental cause as opposed to a few specific causes of mortality that may be associated with PM and contribute to all-cause mortality, potentially increase it, and should be scientifically identified and evaluated separately) is unlikely to be a biologically plausible outcome of PM-induced effects, and CASAC comments highlight the lack of an association of PM exposures with all-cause mortality in several places (e.g., discussion of Health Effects Institute 2013 on p. A-28, discussion of Puett et al. 2011 on pp. A-31 and A-69, discussion of Hartiala et al. 2016 on pp. A-32 and A-68). Similarly, the hazard ratio (HR) CI for six studies in Figure 3-3 cross the HR of 1, with 3 of 6 having an HR less than 1 (see all-cause mortality in Figure 3-3 on p. 3-54 of the EPA PA 2019). PM2.5 would have to be capable of inducing mortality through a multitude of as of yet unidentified toxicological pathways sufficiently perturbed at low PM2.5 doses, despite relatively robust homeostatic biological processes, to lead to literally every non-accidental cause of death. Evidence demonstrating such a phenomenon simply does not exist. In fact, evidence supportive of the biological plausibility of long-term PM2.5 exposure-associated mortality is limited to only a few outcomes (e.g., cardiovascular and respiratory morbidity and metabolic disease, see Section 11.2.1 of the draft EPA ISA 2018). Furthermore, as illustrated in Figure 6-16 below (EPA ISA 2018), the only figure referred to in the mortality section of the ISA (Chapter 11) in regard to biological pathways proposed to potentially lead to mortality: (1) hypothetical pathways leading to all-cause mortality are not even proposed by EPA (2018); and (2) there is insufficient evidence to support biological plausibility for the vast majority of potential pathways proposed to lead to even the limited-cause mortality depicted below (lack of evidence indicated by the dotted lines).
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Moreover, as discussed by a CASAC member, Di et al. (2017) cannot honestly be said to demonstrate what EPA and the study authors purport. Dr. James Boylan, in his comments as part of CASAC’s review of the EPA ISA (2018), stated [p. A-45 of CASAC April 11, 2019; emphasis added], “Many other studies cited in the Draft ISA also misrepresent estimated exposures as if they were true exposures, leading to false statements about what has been found.” Di et al. (2017) was provided by Dr. Boylan as an example of such false statements, specifically where Di et al. state…
“In the entire Medicare population, there was significant evidence of adverse effects related to exposure to PM2.5 and ozone at concentrations below current national standards. This effect was most pronounced among self-identified racial minorities and people with low income” (Di Q, Wang Y, Zanobetti A, et al. Air pollution and mortality in the Medicare population. N Engl J Med 2017; 376: 2513-22).
Dr. Boylan writes, “Again, this is a false and misleading statement, insofar as it suggests that adverse effects were observed “at concentrations below current national standards. In reality, the supplement to the article shows that the exposure concentrations experienced by individuals who experienced adverse effects were not measured. Instead, individual exposure concentrations were guessed at, or imputed…” “In other words, no actual measurements or observations of PM2.5 concentrations for any individual with an adverse health effect were made in this study.” Consequently, the TCEQ agrees with Dr. Boylan that the claim of significant evidence from Di et al. (2017) of adverse effects related to exposure to PM2.5 and ozone at concentrations below current national standards is not accurate (furthermore, this ecological zip-code study lacked data on some important individual level covariates such as smoking).
Consistent with the discussion above, Di et al. (2017) stands alone as the only study in Tables 3-5, 3-7, or 3-9 (EPA PA 2019) suggestive of any statistical confidence that an actual reduction in mortality risk may occur due to a reduction in the annual PM2.5 NAAQS (e.g., the best risk estimate for the current PM2.5 standard is not included in the risk CIs calculated based on Di et al. 2007 for any of the alternative annual standards). However, this study is cited by a CASAC member as a specific example of a false statement about what the study can actually be said to have found. 
Specifically, Dr. Boylan asserts that it is a false statement that Di et al. (2017) found that adverse effects were observed at concentrations below the current PM2.5 NAAQS standard. Consequently, not only does the scientific WOE indicate no statistical confidence that a real reduction in mortality risk would result from a reduction in either the annual or 24-hour PM2.5 NAAQS, but the only study to suggest otherwise (Di et al. 2017) does not in fact show what EPA and others purport it to show. The TCEQ agrees with Dr. Boylan (CASAC member) that Di et al. (2017) does not actually show that adverse effects were observed at concentrations below current national standards. By corollary, the “effect estimate” for Di et al. (2007) in Table C-1 of the EPA PA (2019), as well as for any other study where the exposure concentrations experienced by individuals who experienced adverse effects were not measured, cannot truly be said to be an effect estimate at all since no actual measurements of PM2.5 concentrations for any individual with an adverse health effect were made.
Based on the above considerations, similar to our evaluation of short-term exposure related mortality risk, it can be concluded that there is no statistical confidence that reducing the annual PM2.5 NAAQS to a value in the 9-11 µg/m3 range (or the 24-hour PM2.5 NAAQS to 30 µg/m3) would actually reduce long-term exposure related mortality risk.
In summary, when taken together collectively, the information discussed in the sections above does not support lowering the current annual and 24-hour PM2.5 standards, but rather by corollary supports retaining the current annual and 24-hour PM2.5 NAAQS. Consequently, retaining the current annual PM2.5 standard should be added as an alternative to Section 3.4.2.4.1 of the EPA PA (2019).
Mass of PM is a poor toxicity surrogate for PM2.5
The evidence presented in the 2018 PM ISA suggests that PM mass is not equally toxic across the country or over time. PM mass may be comprised of constituents such as organic carbon, elemental carbon, nitrate, and sulfate, as well as trace elements such as iron, vanadium, nickel. These chemical constituents emanate from diverse anthropogenic and natural sources like soil or road dust, vehicle exhaust, biomass combustion, sea salt, and forest fires. The EPA acknowledges in the 2018 PM ISA that they are unable to differentiate the sources or chemical components of PM2.5 that are most closely related to health outcomes, with the implication being that they will continue to regulate on a PM2.5 mass basis (µg/m3). Despite encouraging results for some PM2.5 components and effects (e.g., see the 2018 ISA for specific positive findings for elemental carbon (EC), organic carbon (OC), oxidative potential, and combustion-related sources), the EPA appears to desire consistent results for the same component across effects when a given component is unlikely to be associated with all the multiple effects evaluated, or that components be more strongly associated with effects than PM2.5 (e.g., p. ES-17 line 17 of the EPA ISA 2018). Regardless, mass of is a poor surrogate for PM2.5 toxicity as evidenced by the heterogeneity of PM2.5-associated risk both regionally and seasonally (see above), and regulation on a mass basis only assures that the most easily achieved PM2.5 reductions are made, not ones from the PM2.5 sources/components most closely associated with health risk.
The EPA acknowledges that results from epidemiological studies evaluating health effects associated with long- and short-term PM2.5 exposures show heterogeneity in responses between cities and effect estimates across geographic regions of the US (e.g., short-term PM2.5 exposure is associated with greater cardiovascular mortality and hospital admissions in the eastern versus western US, EPA 2012; Section 5.1.10.4 of the 2018 ISA), and that this heterogeneity could be partly attributed to differences in PM2.5 composition across the US as well as exposure differences that vary regionally (e.g., personal activity patterns, microenvironmental characteristics). Additionally, EPA acknowledges evidence indicating a greater risk of dying being associated with higher exposures to PM2.5 in the warmer months of the year (e.g., EPA 2012, Section 5.1.10.4 of the 2018 ISA). Similar to geographical heterogeneity, EPA acknowledges that seasonal heterogeneity (within a region or across regions) could be attributed to a number of factors including varying PM2.5 composition by season. Regional and seasonal heterogeneity in risk due to reasons with a known factual basis (e.g., differences in PM2.5 composition across the country in conjunction with differences in chemical toxicity and potency) highlights the lack of credible scientific support for nationwide, one-size fits all NAAQS. The ability to differentiate the PM2.5 constituents and/or sources most closely related to the various health outcomes is not necessary to the ability to understand that single nationwide estimates or NAAQS are scientifically inappropriate given the demonstrated and EPA acknowledged heterogeneity in risk across the country.
Lastly, it is noted that the EPA is seemingly unable to identify any chemical component(s) of PM2.5 specifically culpable for any specific health outcome they evaluate, chemicals for which there is a wealth of toxicological information, and EPA apparently continues to consider that significant scientific shortcoming acceptable. The inability to identify any chemical component(s) of PM2.5 specifically culpable for any specific health outcome says a great deal about the usefulness of the underlying science in differentiating and ultimately addressing the actual causative chemical agent(s) associated with the various effects evaluated by EPA in the ISA and PA.
The PA does not consistently nor appropriately consider the implications of the extreme heterogeneity of PM mass in its causal and likely to be causal determinations for generic PM2.5 mass.
· EPA should question their unconditional “causal” and “likely to be causal” determinations for generic PM2.5 mass (e.g., without regard to PM source or composition; as in EPA ISA 2018 and Table 3-1 of EPA PA 2019) as it is apparent from the extensive scientific database that not all PM2.5 is created equal toxicologically; and
· A one-size fits all NAAQS for all areas of the country (and over all seasons) is not adequately scientifically supported.
Accordingly, simply retaining the current annual PM2.5 standard should be added as an alternative to Section 3.4.2.4.1 of the EPA PA (2019), supported by these and other relevant considerations (e.g., multiple significant uncertainties relevant to scientific defensibility such as study limitations, lack of data adequate to support biological plausibility at relevant concentrations, ever-present exposure estimation error that linearizes the dose-response). For example, CASAC (2019) indicates that EPA (2018) has still not adequately addressed biological plausibility, “specifically how ambient concentrations of PM2.5 can move into and through the biological systems in the body to activate a cascade of effects that ultimately lead to a person’s death” (see p. 1 of CASAC 2019).
In conjunction with other considerations (e.g., lack of statistical confidence that lowering the standard will actually reduce risk), significant regional and seasonal differences in PM-associated risk obviously call into question the scientific defensibility and basis of any policy decision to further lower a national annual (i.e., year-round) standard. This issue was highlighted numerous times by CASAC (2019), who did not reach consensus on the causality determination of mortality from PM2.5 exposure. Just as three examples from CASAC (2019) [emphasis added]:
1. Heterogeneity. The EPA should also address the substantial unexplained geographic heterogeneity in effect estimates between PM2.5 exposure and mortality (e.g. Eftim et al., 2008, Baxter et al., 2017, and many others). In the previous PM NAAQS review, the EPA noted that uncertainty remained in the form of unexplained within- and between-city heterogeneity in responses to PM. The EPA also asked several policy-relevant questions related to geographical heterogeneity in the Integrated Review Plan for this current PM NAAQS review. Given the emphasis that the EPA has placed on this topic, they should include more discussion of geographic and other types of heterogeneity in this ISA. The implications of unexplained heterogeneity need to be discussed for those endpoints where many potential explanations have been tested, but none has been able to explain the observed heterogeneity (e.g. short-term PM2.5 exposure and total mortality). At what point does heterogeneity move from being an uncertainty, to impacting the causality conclusion or other policy-relevant issues such as the use of a single effect estimate for the whole nation?
2. This section demonstrates that despite numerous attempts by researchers, there is still substantial unexplained heterogeneity in the effect estimates between PM2.5 and mortality that need to be considered when assessing the causal connection between the two.
3. While more studies have been conducted since the last ISA that consider uncertainties like copollutants, C-R functions, regional heterogeneity, and PM2.5 components and sources, none of them really clarifies any of the underlying uncertainty. There are still unknowns with copollutants, C-R functions are still plagued by problems with innate variability that makes them difficult to interpret, there are studies showing completely inconsistent temperature relationships, none of the studies on regional heterogeneity adequately explained the reasons for the city-specific heterogeneity, and it is not clear what components or sources are causing the observed effects. At what point do you go back to your underlying assumptions (i.e., that short-term exposure to PM2.5 causes mortality) and ask whether they are valid?
CASAC (2019) discusses this critical issue in many places (pp. 2, 3, 21, A-30, A-41, A-104, A-105, A-111, A-115, A-116, A-137, A-138, and A-139 to name a few). Below, heterogeneity in mortality and morbidity findings is briefly discussed by the TCEQ.
Mortality Heterogeneity
The EPA PA (2019) indicates the relationship between short-/long-term exposure to PM2.5 and mortality is “causal.” If this over-simplification were the case, then consistent (and statistically significant) associations between PM2.5 mass and mortality would be uniformly found across all regions of the country and across seasons (indeed, such associations would be consistent across the world and consistent across seasons). However, the EPA PA (2019) should acknowledge the significant heterogeneity in such associations, and its dire implications for simplistic causal proclamations and a one-size fits all NAAQS, since the most obvious consistency in mortality study results from the vast available epidemiological literature is the inconsistency (i.e., incoherence) of those results. For example, while Turner et al. (2011) found that a 10 µg/m3 increase in PM2.5 concentration was associated with a statistically significant increase (15-27%) in lung-cancer mortality in never smokers, Lepeule et al. (2012) perplexingly found a statistically significant increase in former smokers but not in much larger groups of never or current smokers (Table 2 of the study). Results from the 2010 Risk and Exposure Assessment (EPA 2010) also demonstrated heterogeneity and indicated, for example, that while the current annual NAAQS (12 µg/m3) and 24-hour NAAQS (35 µg/m3) were not predicted to reduce PM2.5-associated lung cancer mortality by any margin (0% reduction) in Fresno, CA; Salt Lake City, UT; or Tacoma, WA; the NAAQS were predicted to reduce PM2.5-associated lung cancer mortality up to well over 30% in Houston, TX; Birmingham, AL; St. Louis, MO; Atlanta, GA; Baltimore, MD (Tables E-63 and E-72 of EPA 2010). If PM mass were truly the toxicologically-relevant pollutant/metric, there would be no reason for the plethora of such risk disparities found in the scientific literature (i.e., the heterogeneity in risk), just a few more of which are highlighted below.
More recently, Pun et al. (2017) observed regional heterogeneity in COPD- and lung cancer-associated mortality. They reported that a 10 µg/m3 increase in longer-term PM2.5 concentrations was associated with decreased COPD mortality risk in the South in the unadjusted-model, which became statistically significantly decreased in the Behavioral Risk Factor Surveillance System (BRFSS)-adjusted model (adjusted for prevalence of nonwhites, current smokers, persons with diabetes and asthma, heavy alcohol drinkers, average median income, body mass index; Table 2 of Pun et al. 2017). Similarly, while statistically increased in other regions, a 10 µg/m3 increase in PM2.5 concentration was not associated with statistically increased lung cancer mortality risk in the Midwest (Table 2 of the study). Moreover, spatiotemporal analysis in the unadjusted-model showed regional heterogeneity in mortality risk for all respiratory endpoints (i.e., all respiratory, COPD, pneumonia, lung cancer) with two regions having negative associations for three of the four mortality endpoints (Web Table 4 of Pun et al. 2017).
Spatiotemporal analyses in the BRFSS-adjusted model reveal stark differences in supposed respiratory mortality risk associated with a 10 µg/m3 increase in PM2.5 concentration (i.e., all respiratory, COPD, lung cancer). For example, the spatiotemporal analyses indicate several negative correlations between increased PM2.5 and mortality risk that even achieved statistical significance (i.e., BRFSS-adjusted model: all respiratory mortality in the Midwest, pneumonia mortality in the Midwest and US; unadjusted­ model: pneumonia mortality in the northeast; Web Table 4 of the study). Similarly, Pun et al. (2017) demonstrated obvious regional heterogeneity in the spatiotemporal analyses of all cause, all cardiovascular, ischemic heart disease, and congestive heart failure mortality per 10 µg/m3 increase in PM2.5 concentration. There were negative associations in either the unadjusted- or BRFSS-adjusted model for all-cause and all cardiovascular mortality in the South, Northeast, and Midwest; ischemic heart disease mortality in the South and Northeast; and congestive heart failure mortality in the Northeast and Midwest (Web Table 4 of Pun et al. 2017). Moreover, the negative associations were statistically significant for all cardiovascular and ischemic heart disease mortality in the Northeast in both the unadjusted- and BRFSS-adjusted models, ischemic heart disease mortality in the South in the BRFSS-adjusted model, and congestive heart failure in the West for both models (Web Table 4 of the study).
Krewski et al. (2009), a key study for long-term PM2.5 exposure and mortality in the 2009 ISA, also showed regional heterogeneity. For example, all-cause, cardiopulmonary, and lung cancer mortality were negatively associated with a 10 µg/m3 increase in PM2.5 long-term (3-year) concentration in New York City, which was not the case for Los Angeles (or nationwide) (e.g., Commentary Table 3 and Commentary Figure 4 of Krewski et al. 2009, Table 7-9 of the 2009 ISA/EPA 2009). Numerous other studies also show regional heterogeneity in mortality results (e.g., Figure 4 of Cakmak et al. 2018, Table 2 and Figure 4 of Greven et al. 2011, Table 2 of Laden et al. 2006, Pun et al. 2017). In general, there appears to be a lack of increased mortality per 10 µg/m3 increase in PM2.5 concentration in the western United States (a relationship that sometimes becomes negative when adjusted for socio-economic status) versus statistically significant increases for the eastern and central United States in Zeger et al. (2008). Figure 21 from Krewski et al. (2000), provided below, is a particularly useful illustration of the significant regional heterogeneity in mortality associations/risk.
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As an additional example, Enstrom (2017) reported no significant relationships between long-term PM2.5 and total mortality in the Cancer Prevention Study II cohort when the best available PM2.5 data were used for 85 counties across the US as well as for the Ohio Valley states (12-17 counties) and other states (38 -68 counties), including California (see Tables 2, 3 and Appendix Table B-1 of the study). Additionally, You et al. (2018) showed no statistically significant association between either ozone or PM2.5 and acute human mortality in California (see Tables 2-4 of the study) and conclude, "In the absence an association of air quality, as measured by ozone or PM2.5, with acute mortality (All Cause, Cardiovascular or Respiratory), there is no evidence supporting current air quality being causal of acute deaths in California." At the same time, the EPA cites Pope et al. (2014) and Turner et al. (2016) in the ISA as examples of recent studies showing consistency with previous results, seemingly concentrating primarily on results that support previously drawn conclusions. Although subtle, when taken together, the EPA seems to be implying that: (1) negative studies based on certain geographical areas or regional analyses are less important and can be disregarded if inconsistent with available positive studies (even those like Pope et al. (2014) and Turner et al. (2016) that do not evaluate geographical heterogeneity); and (2) although the NAAQS will apply equally across regions, exposure/effect associations need not be robust geographically/regionally. The TCEQ strongly disagrees with both of these apparent implications.
In terms of key short-term PM2.5 exposure studies, Zanobetti and Schwartz (2009) results showed regional heterogeneity with an average of 73% of the regional analyses (regions determined by climate type) not having statistically increased mortality for a 10 µg/m3 increase in PM2.5 for all-cause, cardiovascular disease, myocardial infarction, stroke, and respiratory mortality (Table 4 of study). Zanobetti and Schwartz (2009) also showed seasonal heterogeneity with 1-4 seasons not having statistically increased mortality for all-cause, cardiovascular disease, myocardial infarction, stroke, or respiratory mortality. In fact, there was a negative summertime association between a 10 µg/m3 increase in PM2.5 and both cardiovascular disease and myocardial infarction mortality across 112 cities (Table 1 of study).
The results of Moolgavkar (2003) corroborate this substantial heterogeneity in their evaluations of associations between components of air pollution (e.g., PM10, CO, SO2) and nonaccidental and vascular disease mortality in different locations and from season to season, with "only weak and inconsistent" associations of mortality with PM10 in Los Angeles County and CO and SO2 being more strongly associated. As with Los Angeles County, Cook County results for cardiovascular mortality showed substantial heterogeneity, with zero to no more than one statistically significant association for PM10 across seasons for any given lag (0-5 day lag for four seasons = 5 comparisons per season and 20 comparisons total) and a total of only three statistically significant associations for the 20 comparisons made (Tables 12 and 13 of the study). Furthermore, associations for both Cook County and Los Angeles County paradoxically flip between positive and negative between lags for every season (e.g., positive in the winter for lag 4 but negative for lag 5 for both counties), with the negative association between PM10 and mortality in the fall being statistically significant for Cook County and the negative association in the winter being statistically significant for Los Angeles County (Tables 12 and 13 of the study).
The heterogeneity demonstrated in these examples is further supported by the more recent Baxter et al. (2018) study, which demonstrated significant heterogeneity (p<0.0001) in PM2.5-associated mortality estimates across 312 core-based statistical areas around the country (see Figure 1 of the study). Moreover, multivariate regression showed statistically significant negative associations of mortality with various factors, such as natural gas for heating (as opposed to a significantly positive association for heating oil) and increased cooling degree days (as opposed to a significantly positive association for heating degree days). Differences in heating fuel has been offered as a potential reason for regional heterogeneity of PM2.5-associated mortality estimates in numerous studies. These data add to the considerable database demonstrating significant heterogeneity in PM-associated mortality risk both regionally and seasonally. Similarly, significant heterogeneity in morbidity findings is briefly discussed below.
Morbidity Heterogeneity
The EPA PA (2019) indicates the relationship between short-/long-term exposure to PM2.5 and cardiovascular and respiratory morbidity is “causal” and “likely to be causal,” respectively (e.g., in Table 3-1). If this over-simplification were the case, then consistent (and statistically significant) associations between PM2.5 mass and these morbidity endpoints would be uniformly found across all regions of the country and across seasons (indeed, such associations would be consistent across the world and consistent across seasons). However, the EPA PA (2019) should acknowledge the significant heterogeneity in such associations, and its dire implications for simplistic causal proclamations and a one-size fits all NAAQS. There is extreme heterogeneity with respect to morbidity effects. For example, Ito et al. (2007) examined the temporal relationships among air pollution and weather variables in the context of air pollution health effects models and showed that pollutant-pollutant and pollutant-weather interactions vary by season. Further, the authors found that concurvity problems were reduced by separately analyzing the seasons, indicating the need for season­specific analyses of health effects.

Bell et al. (2008) also noted that respiratory hospital admissions in the winter (o-day lag) were only statistically increased in the Northeast, and on a yearly basis (2-day lag) only statistically increased in the southwest (Table 2 of Bell et al. 2008). Study authors concluded that heterogeneity of PM2.5 effects on hospital admissions (respiratory and/or cardiovascular) may reflect seasonal and regional differences in emissions and chemical constituents (e.g., see Figures 3A and 3B of the study) or differences in exposure patterns by region/season, susceptible subpopulations, composition by region/season, or a varying confounder such as ozone. Further contributing to the heterogeneity within and between epidemiology studies, other studies show no statistically significant relationships between various short-term PM2.5 exposure metrics and emergency department visits for respiratory effects (e.g., Table 4 of Tolbert et al. 2007, Table 4 of Salimi et al. 2018).
In conclusion, significant heterogeneity in PM2.5 mortality and morbidity study findings is readily apparent in the scientific literature (as highlighted by examples in the sections above). This significant regional and seasonal heterogeneity:
· Demonstrates that a one-size fits all NAAQS for all areas of the country over all seasons cannot be sufficiently scientifically supported since it is known that a single concentration-response function cannot reasonably be expected to reliably predict mortality or morbidity risk across regions and seasons; and
· Similarly, shows the scientific folly of over-simplistic, unconditional causal proclamations by EPA for generic PM mass (e.g., without regard to PM2.5 source or composition).
More specifically, EPA’s causal/likely to be causal determinations for generic PM2.5 mass and mortality/cardiovascular and respiratory morbidity cannot reliably be applied across regions and seasons as it is readily apparent from an extensive scientific database that not all PM2.5 is created equal toxicologically, either in terms of the toxicity of PM components or the presence/absence of associations with increased mortality or morbidity risk. As an EPA PA-specific example, although lung cancer mortality associated with long-term PM2.5 exposure is evaluated in Table 3-5 and 3-7 (provided above), Figure 3-3 below (from p. 3-56 of the EPA PA 2019) shows that most recent studies have HR CIs that contain 1, which is consistent with no excess risk. For all-cause mortality associated with long-term exposure, several recent studies have CIs that contain 1 (see Figure 3-3 on p. 3-54 of the EPA PA 2019), and three studies have HR central estimates less than 1 for at least one region of the US (i.e., Puett et al. 2011, Weichenthal et al. 2014, Zeger et al. 2008).
[image: ]
[bookmark: _Hlk21002050]In conjunction with other considerations (e.g., lack of statistical confidence that lowering the standard with actually reduce mortality risk, relative inaccuracy of EPA’s modeling), significant regional and seasonal differences in PM-associated risk raise serious questions about the scientific defensibility and basis of over-simplistic, unconditional causal proclamations by EPA for generic PM mass and any policy decision to further lower a national annual (i.e., year-round) standard, a concern shared by CASAC (e.g., see p. 2 of CASAC 2019). Accordingly, retaining the current annual PM2.5 standard should be added as an alternative to Section 3.4.2.4.1 of the EPA PA (2019).
Dr. D. Warner North responses to CASAC concur with these TCEQ comments (https://yosemite.epa.gov/sab/sabproduct.nsf/681D8D5ABE7AE4818525848100769D92/$File/North+Preliminary+Response+to+Questions+9-26-2019.pdf). For example [emphasis added]: 
I believe the level of uncertainty on mortality and other health effects from PM addressed in the PA from exposures at, below, or slightly above the current NAAQS is high…Particulate matter is not one substance, but a mixture. It should be expected that since sources differ, the concentration-response (C-R) relationship may therefore differ from place to place. Further, there is important uncertainty in the shape of the C-R relationships, which may differ from place to place because of differences in sources, weather, atmospheric chemistry, and the exposed populations. Using the Cox proportional hazard model with national averaged data is essentially equivalent to assuming a single, linear-through-zero relationship, and it suppresses uncertainty and variability. The uncertainty should be made explicit. Epidemiological and other data addressing place-to-place variability should be sought and used…What EPA has done in Chapter 3 and Appendix C of the draft PA seems to me extremely simplistic, and potentially misleading on the extent of lives and disease that would be avoided by more stringent standards…Methods and applications for spatial disaggregation should be included in the ISA and the PA.
In regard to causality, Dr. North writes that as to the “causal” relation to both short-term and long-term mortality, EPA has not yet satisfied the condition that “confounding and other biases can be ruled out”, “a very serious flaw in the draft PA”, “I do not accept the claim dating back to EPA’s 2009-11 documents that a “causal relationship” is clearly demonstrated at and below the level of PM2.5 in the present NAAQS.” Furthermore, while Dr. North acknowledges that there is not evidence for a threshold, importantly he points out, “NEITHER is there clear evidence for linearity at very low concentrations.” Dr. North goes on to write, “Model uncertainty on the C-R relationship was not adequately discussed or included…The discussion of exposure estimation uncertainties and estimation errors was also inadequate…I think the Administrator may be given relatively little useful new information on the impact of changing the Primary PM standards…I am not persuaded that a case has yet been made for stricter national standards.” Lastly, TCEQ’s assertion that retaining the current annual PM2.5 standard should be added as an alternative is strongly supported by Dr. North’s answer to the following question:
Dr. Cox:
Overall, does the PA and its underlying documents (e.g., the BenMAP-CE documentation) make a convincing technical case that its simulated health impacts of reductions in PM2.5 are trustworthy and usefully accurate?
Dr. North: My response is a strong NO.
Uncertainty Analysis 
The uncertainty analysis in Section 3.3 acknowledges that while a full probabilistic uncertainty analysis is warranted for the PM NAAQS under the World Health Organization (2008) framework, one cannot be conducted because EPA does not know enough about the uncertainties associated with key elements of concentration-response functions they are using to be able conduct the full probabilistic uncertainty analysis they acknowledge is warranted (p. C-74 lines 25-30). Moreover, EPA admits that not even expert elicitation was undertaken since it is too resource- and time-intensive for EPA despite the far-reaching serious implications of the PM NAAQS (p. C-74 lines 30-33). So instead of the type on uncertainty analysis warranted and needed for any new policy decisions, EPA included lower tier uncertainty analyses. This is only consistent with the use of best available science from the perspective that if you do not conduct the best science, then it is not available for use. Since the EPA uncertainty analysis admittedly falls seriously short of the analyses warranted, a decision about adopting new policy (e.g., a new NAAQS) cannot be adequately supported and EPA should retain the current NAAQS.
Additionally, while the EPA PA (2019) indicates that use of concentration-response functions from multiple epidemiological studies and their CIs helps address variability and uncertainty (see Section C.3):
1. EPA has not demonstrated that any of the concentration-response functions used in the 2019 PA are able to relatively accurately predict any risk reductions that may result from reducing PM2.5 exposure outside the study-specific area and time-frame or what assumptions/conditions may have to be true to even expect such reductions; and
2. [bookmark: _Hlk19788888]EPA has failed to concede that use of multiple concentration-response functions does relatively little to address the great uncertainty present that cannot be quantitatively characterized since the uncertainty associated with many significant simultaneous contributors to uncertainty is simply not captured across concentration-response functions (e.g., residual confounding by both confounders included and excluded from the analyses, ever-present exposure estimation error, model specification error, etc.).
Lastly, it is noted that while EPA qualitatively identifies multiple sources of uncertainty in Table C-31, the agency does not qualitatively evaluate the effect of these multiple uncertainties on risk estimates. This is particularly concerning given that overall, while the magnitude of effect is “medium,” many of these acknowledged uncertainties occur simultaneously so would compound each other and result in high uncertainty overall. For example, medium simulation method uncertainty × medium/medium-high population-level exposure uncertainty × medium-high concentration-response function uncertainty × low-medium co-pollutant confounding × low PM composition/source uncertainty = very high total uncertainty.
The discussion above highlights how EPA’s uncertainty characterization is woefully inadequate to support adopting new policy, particularly considering the total uncertainty that results from the numerous areas of uncertainties that compound each other but whose overall effects are unquantified and unknown. As such, the EPA should retain the current NAAQS.
EPA should address uncertainty in use of models, study design, and confounders controlled for in individual studies.
As stated elsewhere in these and previous comments to the EPA, there are numerous areas of uncertainty within scientific studies that should be better considered and, if possible, quantified prior to using them to inform such an important standard. Exposure concentrations, either monitored or modeled, are subject to inherent variability. Health effect classifications by health care providers are similarly subject to mis-classification error and variability as changes occur in personnel, hospital, and insurance coding procedures[footnoteRef:1]. These variables can lead to distortions in resulting concentration-response functions. The EPA should also consider important uncertainties that arise due to differences in study design and conduct. The strength of the study design and how well the authors controlled for extraneous variables have great impact on the confidence in the final results.  [1:  According to the National Institute of Health and the National Heart, Lung, and Blood Institute, “Limitations of cause-of-death statistics, other than those associated with revisions in the ICD, are well-known. Inaccuracies in death certification and inconsistencies in selecting and coding the underlying cause of death create uncertainties about the true mortality from a specific cause compared with other causes. These limitations must be kept in mind when comparing the same cause of death over time or the same cause of death between demographic groups or countries.” ] 

Further, the EPA should be more thorough when evaluating the potential for confounding in individual studies. The only evaluation of confounding in the ISA is for co-pollutant confounding in some individual studies. However, confounding is a much broader issue than a single co-pollutant. 
Biological Plausibility and Causality
Epidemiology studies are inappropriate for the basis of causal determinations.
PM is quickly becoming one of the most densely-studied pollutants. There are numerous controlled human exposure studies, which are superior to epidemiologic or animal toxicology studies due to their design, ability to control many potential variables within the study, and use of the most relevant species. The EPA has acknowledged that not all evidence is suitable for risk assessment and, for example, deferred to evidence from controlled human exposure studies in the Risk and Exposure Assessments for ozone, sulfur dioxide, and carbon monoxide (EPA 2010a, 2014, 2018). Consistent with these assessments, it makes little sense for EPA to dismiss the evidence from controlled human exposure studies in favor of epidemiology study findings. Due to ambient PM characteristics (especially its regional heterogeneity) and known exposure measurement errors, epidemiology study designs are particularly prone to errors and biases.  Therefore, whenever possible, the EPA should rely on the most relevant data available to it. Epidemiology studies are better suited for hypothesis generation than for determinations of biological plausibility or causality. 
Limitations of the studies included in the PM ISA and PA need to be explicitly stated. 
The EPA should consider the inclusion of limitations stated by authors in the studies cited in the PM ISA. The inclusions can be made within the body of the study discussion and/or in the table of study summaries presented in the document. It is important to highlight the limitations of the studies so that other scientists who wish to review the document or rely on their results are aware of these limitations and can exercise due caution. 
Study design flaws common in epidemiology studies (e.g., the use of fixed-site ambient air monitors; geocoded addresses of study participants; spatial interpolation techniques used to estimate personal breathing space/exposure of participants; participant recruitment, selection, compliance with study protocols, and loss to follow-up) can be an important potential source of bias and must be acknowledged as a limitation where appropriate and accounted for by EPA in the weighing of evidence. In addition, the lack of patient-specific data and/or information on comorbidities may prohibit the proper evaluation of certain patient characteristics such as genetics, obesity, and disease specifics in many studies. The TCEQ strongly encourages the EPA to better communicate study limitations in order to demonstrate a careful, transparent review of the scientific evidence, as well as to encourage future research in areas of the greatest need.
Technical Comments Related to Respiratory Effects
The relationship between short-term PM2.5 (particularly on a mass basis) to respiratory hospital admissions (HAs) and emergency department (ED) visits should not be deemed to be “likely causal” due to significant scientific uncertainties.
The evidence provided in the ISA and PA and in the available scientific literature is not sufficient to determine that PM2.5 likely causes respiratory HAs and ED visits. The EPA’s framework states that to reach this causal determination, the pollutant must be shown to “result in health effects in studies where results are not explained by chance, confounding, and other biases” (EPA 2015). According to the available evidence, however, confounding and bias cannot be ruled out. The significant heterogeneity (e.g., region, season, lag) in these respiratory HA and ED visit results suggests that PM mass may not actually be the causative pollutant. As such, the relationship of PM2.5 mass to these effects should not be deemed to be “likely causal.” 
The findings cited by EPA do not provide evidence for reasoned biological plausibility for an independent effect of short-term PM2.5 exposure on the exacerbation of chronic obstructive pulmonary disease (COPD). 
While the 2018 PM ISA and the PM PA indicate that recent studies generally support an association between short-term increases in PM2.5 concentration and exacerbation of chronic obstructive pulmonary disease (COPD), the ISA fails to provide evidence that the effects were related to PM2.5 mass or to provide adequate justification for the extrapolation of effects from high exposure concentrations to environmentally-relevant concentrations. In Section 5.1.4.4 of the PM ISA (EPA 2018), the EPA admits that copollutant confounding was not adequately examined overall, making it unclear the extent to which the results can be attributed specifically to PM2.5 exposure as opposed to other ambient pollutants. The PM ISA and PA also fail to acknowledge the uncertainty in extrapolating results from high exposures to environmentally-relevant concentrations. In discussing high dose animal studies, the PM ISA and PA do not discuss the clear lack of dose-response concordance between epidemiology associations at low concentrations and high-dose toxicity study phenomena. 
The most relevant data to biological plausibility in the inarguably most relevant species and subpopulation (controlled human exposure study data in asthmatics) support the lack of biological plausibility for PM2.5-induced lung function decrements in populations with asthma, especially at environmentally-relevant concentrations.
The EPA states in the PM PA that the few controlled exposure studies in humans with or without COPD or asthma, inarguably the most relevant species for evaluating the biological plausibility of similar effects in the United States population, PM2.5 exposure mostly had no effect on respiratory symptoms, lung function, or pulmonary inflammation. Human controlled exposure study data should provide much more weight in a weight-of-evidence of the plausibility of effects in humans than animal studies. The available controlled exposure study evidence in humans and asthmatics/those with COPD does not support the proposed biological plausibility discussion (especially at environmentally-relevant concentrations) or the causality determination in the ISA and PA. 
There is a lack of sufficient evidence and dubious biological plausibility evidence for short- and long-term PM2.5 causing respiratory effects in healthy humans (or even in sensitive subpopulations).
The ISA (EPA 2018) indicates that short- and long-term PM2.5 exposures are inconsistently related to respiratory effects in healthy adults, evidence is limited for any given endpoint, confounding by copollutants is inadequately examined where supporting evidence does exist, and uncertainties remain as to whether PM2.5 leads to overt respiratory effects in healthy populations. That “uncertainty remains” appears to be a gross understatement given the lack of sufficient evidence and dubious biological plausibility even in sensitive subpopulations (i.e., asthma and COPD exacerbation and lung function effects in asthmatics. The evidence from controlled exposure studies in humans has failed to observe any sufficiently supporting results. With the exception of findings consistent with inflammation and consequent oxidative stress following exposure to high concentrations of PM2.5, the discussion of biological plausibility is weak, does not demonstrate coherence, and partially relies on statistically significant differences which are not biologically meaningful and/or clinically significant. These negative human controlled exposure study findings for sensitive effects in the most relevant species are telling as to the lack of biological plausibility of similar effects in the United States population, especially since the exposure concentrations are still several times higher than the level of the current short-term NAAQS.
Animal toxicology studies should not be misconstrued to outweigh reliable controlled human exposure data. First, animal studies are conducted in much less relevant, non-target laboratory animal species as opposed to the highly relevant human in controlled human exposure studies. Additionally, animal studies have reported mixed results (and many have been conducted at environmentally-irrelevant high concentrations). 
The relationship between short-term PM2.5 (particularly on a mass basis) to respiratory and respiratory cause-specific mortality and long-term PM2.5 exposure to respiratory effects should not be deemed to be “likely causal” due to significant scientific uncertainties.
As discussed in the TCEQ comments on the PM ISA, there is still “limited coherence across epidemiologic and controlled human exposure studies,” which complicates the interpretation of the associations observed for short-term PM2.5 exposure and respiratory mortality. Substantial uncertainty remains in both short- and long-term exposure studies regarding regional heterogeneity, seasonal heterogeneity, and exposure and measurement error, as well as inconsistency between studies, all of which limits any ability to draw defensible conclusions. Additionally, the lack of biological plausibility and dose-response concordance preclude a “likely to be causal” determination for long-term PM2.5 exposure on a national, mass basis (e.g., ignoring composition/source and regional/seasonal differences) and respiratory effects as well as a scientifically credible nationwide, one-size fits all NAAQS. Even assuming that PM2.5 from certain sources is capable of causing increased mortality at environmentally-relevant concentrations, the inability to identify the causative PM2.5 constituent(s) for any particular endpoint precludes identifying PM2.5 mass as “likely causally related” to these effects. As such, the relationship of PM2.5 mass to these effects should not be deemed to be “likely causal.”
Technical Comments Related to Cardiovascular Effects
The relationship between short-term PM2.5 (particularly on a mass basis) and cardiovascular effects should not be deemed to be “causal.”
The policy assessment of the cardiovascular effects of short-term PM2.5 exposure was based on the premise that short-term PM2.5 exposure was determined to be “causal” for cardiovascular effects as evaluated in the 2018 PM ISA. In the 2018 PM ISA, short-term PM2.5 exposure-related cardiovascular effects were described in several controlled human exposure, animal toxicological, and epidemiologic studies. However, an assessment of these studies revealed several inconsistencies in findings. 
The potential for chance, confounding, or bias cannot be completely ruled-out in the face of the numerous studies that failed to support a causal relationship between short-term exposure to PM2.5 and cardiovascular health effects. In the responses to CASAC,  Dr. D. Warner North also raises socioeconomic status as a possible confounder for cardiovascular disease in his comments (https://yosemite.epa.gov/sab/sabproduct.nsf/681D8D5ABE7AE4818525848100769D92/$File/North+Preliminary+Response+to+Questions+9-26-2019.pdf). For example:
Let’s consider cardiovascular effects disease rather than mortality as the end point. This is listed as causal for PM2.5 in Table 3-1, Might there be confounding by socioeconomic status here as well? Again, a Google search leads to a large literature, none of which I have found referenced in the draft PA.
Major uncertainties from the 2018 PM ISA (US EPA 2018) included inconsistent results across disciplines with respect to the relationship between short-term exposure to PM2.5 and changes in blood pressure, markers of blood coagulation and systemic inflammation, and other changes in numerous cardiovascular functions. 
For instance, a study by Talbott et al. (2014) examined the relationship between short-term PM2.5 exposure and hospital admissions for ischemic heart disease (IHD) in seven U.S. states consisting of Florida, Massachusetts, New Hampshire, New Jersey, New Mexico, New York, and Washington. The investigators reported positive associations in New Jersey and New York, but not in the other five states. Similarly, an administrative database study conducted across England and Wales found a reduction in risk of hospitalizations for IHD corresponding to increasing PM2.5 concentrations averaged over the previous 5 days (RR: 0.986, 95% CI: 0.975, 0.996), and in sensitivity analyses at lag 0−1 (Milojevic et al., 2014). Other inconsistent observations were apparent in single-city studies of the relationship between PM2.5 concentrations and IHD; one study observed a positive association in Denver, CO (Kim et al., 2012) while the other observed a null association in St. Louis, MO (Sarnat et al., 2015).
Likewise, an assessment of the relationship between short-term PM2.5 exposures and blood pressure using well-defined cohorts such as the Multi-Ethnic Study of Atherosclerosis (MESA), the Normative Aging Study (NAS), the Detroit Exposure and Aerosol Research Study (DEARS), and the Detroit Healthy Environments Partnership (DHEP) study, reported inconsistent results, with Hicken et al. (2013), Mordukhovich et al. (2009), and Wilker et al. (2009) reporting a lack of association in participants from the MESA or NAS with 1-hour to 1-month concentrations of PM2.5; while Dvonch et al. (2009), Hicken et al. (2014), and Brook et al. (2011) found some evidence of a relationship in studies conducted in Detroit. Controlled human exposure study conducted by Sivagangabalan et al. (2011) and Brook et al. (2009) reported that exposure to PM2.5 CAP did not result in a significant difference in heart rate (HR) relative to filtered air. Similarly, the FILTER-HF (Randomized, Prospective, Double-Blind, Controlled Study of Heart Failure) study, which examined whether introducing a respiratory filter could attenuate the cardiovascular effects of acute DE-exposure in patients with heart failure, observed that HR was not significantly changed following exposure to diesel exhaust (DE) or filtered DE when compared to clean air exposure. However, when the FILTER-HF patients exercised for 6 minutes, HR increased, but there were no significant differences with air pollution exposure with or without filtration (Vieira et al., 2016a). The study also found that time and frequency metrics of HRV were not significantly changed with exposure to DE or filtered DE when compared to clean air exposure (Vieira et al., 2016b). Also, an animal toxicological study conducted by Kurhanewicz et al. (2014) reported no change in HR after short-term exposure to PM2.5 in mice when compared to filtered air controls. 
Furthermore, several studies have investigated the relationship between short-term PM2.5 exposure and systemic inflammation as well as oxidative stress. Liu et al. (2009) conducted a repeated measures study in a panel of older adults living in three nursing homes and found no evidence for associations between PM2.5 and markers for inflammation and oxidative stress. In a study of 115 postmenopausal women living in the Seattle, WA area, exposure to short-term PM2.5 was also not associated with various biomarkers of inflammation including CRP, IL6, or serum amyloid A (Williams et al., 2011). Similarly, in controlled human exposure Studies of short-term PM2.5 exposure and systemic inflammation and oxidative stress, Ghio et al., (2003) reported that exposure to PM2.5 CAPs had no effect on biomarkers of inflammation such as IL-6, TNF-α, WBC count, or C-Reactive Protein, while another study by Jr et al., (2003) found that exposure to PM2.5 CAPs did not affect serum amyloid A levels.
Thus, the ISA failed to meet the stipulated criteria for designation of the potential relationship as “causal.” The epidemiological evidence underpinning this determination can, in fact, be explained by plausible alternatives or even chance alone, particularly due to the extreme inconsistency in study results and uncertainty (especially with respect to exposure and measurement error). Additionally, there is a lack of biological plausibility. According to the EPA's own discussion on biological plausibility, short-term PM­induced health effects occur either through upregulation of the renin-angiotensin system or through inflammation or activation of nerves in the respiratory tract. The only evidence of an upregulation of the renin-angiotensin system is from two studies in rats. The proposed subsequent effect of this upregulation is increased blood pressure, for which the EPA states there is only limited and inconsistent evidence (US EPA 2018, page 6-50). The second proposed pathway (i.e., inflammation or activation of the respiratory tract) is commonly known to be a threshold response. Neither individual scientific studies nor the EPA have first determined that PM exposure at environmentally-relevant concentrations overwhelms the body's natural compensatory mechanisms in order to cause inflammation or nerve activation.
The relationship between long-term PM2.5 and cardiovascular effects should not be deemed to be "causal."
An assessment of the relationship between long-term PM2.5 exposure and cardiovascular effects showed that it did not meet the stipulated EPA’s causal framework for designation of the potential relationship as “causal.” The level of inconsistency in findings among studies investigating the relationship between long-term PM2.5 exposure and cardiovascular effects points to a potential for chance, confounding, or bias. An assessment the 2018 PM ISA (EPA 2018) showed that several uncertainties and inconsistent results were reported in studies involving long term PM2.5 exposure and changes in blood pressure, markers of blood coagulation and systemic inflammation, as well as other indices of cardiovascular function 
The body of literature examining the relationship between long-term PM2.5 exposure and cardiovascular morbidities showed inconsistent results across studies, from positive to null or negative associations. Therefore, the available evidence failed to sufficiently justify the existence of a “causal” relationship.
Shape of the Concentration-Response (C-R) function for PM2.5 exposure and cardiovascular effects
An important consideration in characterizing the association between PM2.5 exposure and cardiovascular morbidity/mortality is whether the concentration-response relationship is linear across the full concentration range that is encountered, or if there are concentration ranges where there are departures from linearity. The EPA failed to conduct a thorough empirical evaluation of alternatives to linearity and consider results from studies with cut-point analyses that provide some potential indication for nonlinearity in the relationship between PM2.5 exposure and cardiovascular diseases. 
For instance, two analyses of the C-R function for the relationship between PM2.5 and coronary artery calcification (CAC) are available. The first is a study by Kaufman et al. (2016), which generated a C-R curve using a thin plate regression spline with 5 degrees of freedom. The curve showed an increase in CAC with increasing exposure to PM2.5 and attenuation of the curve at higher concentrations. The second is a study by Dorans et al. (2016), which reported a deviation from linearity such that log transformed CAC increased with increasing PM2.5 concentrations at lower concentrations (<~10μg/m3) while log transformed CAC decreased with increasing PM2.5 at higher concentrations. A restricted cubic spline with 5 knots was used to examine the shape curve. The concentration and variability in the PM2.5 concentrations were notably lower in the Framingham Heart Study cohort compared to the MESA population.
Other evidence, which supported a supralinear concentration-response relationship came from a series of studies that looked at exposure to PM2.5 from both ambient air pollution and cigarette smoke (Pope et al., 2011; Pope et al., 2009). These studies concluded that by including the full concentration range of PM2.5 from both ambient air pollution and cigarette smoking, the relationship between long-term exposure and cardiovascular mortality cannot be adequately characterized as linear with no threshold. The concentration-response relationship is much steeper at lower PM2.5 concentrations (such as those due to ambient air pollution) compared to the higher concentrations associated with cigarette smoking. The above observations underscore the importance of considering C-R alternatives when characterizing the concentration-response relationship between long-term PM2.5 exposure and cardiovascular morbidity/mortality.
If the EPA is to rely on changes in a health endpoint, a discussion of the accuracy of the method used to measure that endpoint and the diagnostic accuracy of that endpoint to predict an eventual health condition should be provided.
Measurement error in evaluation of health endpoints should also be considered in the EPA’s analysis. For example, the EPA determined that there is some evidence that short-term PM2.5 exposure can result in blood pressure changes. Of the seven controlled human exposure studies reviewed by EPA, the amount of change in BP was only provided for two studies—Brook et al. (2009) with a maximum increase of 2.9 mm Hg and Tong et al. (2015) with a maximum increase of 2.1 mm Hg. The EPA neglected to note that most sphygmomanometers used in medical care have an accuracy of 3 mm Hg (A’Court et al. 2011). Further, the EPA provides little discussion as to the clinical relevance of these changes in blood pressure. The suggestion that any change in blood pressure, particularly at levels below those that can accurately be measured by an instrument, are potentially hazardous or lethal is without merit. The human body is well equipped to deal with minor fluctuations in blood pressure, which normally occur constantly throughout the day.


Recommended Methodological Improvements
The NAAQS review process is inarguably one of the most important and impactful processes conducted by the EPA. Therefore, it is important that the review be thorough and correct. As detailed in the comments above, the TCEQ suggests making the following refinements to the ISA method to increase transparency and scientific rigor in the development of the PM NAAQS. The EPA should adopt a more transparent systematic review-type assessment style. Study quality review should be conducted before studies are used in the causal determination analysis.
· [bookmark: _GoBack]As with other NAAQS developments, the TCEQ recommends EPA should focus on controlled human exposure studies whenever possible and use epidemiologic and animal toxicology studies as support.
· The TCEQ recommends EPA should create a more scientifically defensible threshold for causal determinations.
· The TCEQ recommends EPA should attempt to quantitatively account for uncertainty instead of disregarding it in the final analysis. Qualitatively discussing or considering uncertainty is wholly insufficient in this analysis in particular due to available quantitative uncertainty analysis methods, the wealth of data available on this topic that is directly relevant to PM, and the importance of this standard.
· The TCEQ recommends EPA re-evaluate whether the available scientific evidence and impact of heterogeneity justifies a national standard.
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Note: the boxes above represent the effects for which there is experimental or epidemiologic evidence, and the dotted arrows
indicate a proposed relationship between those effects. Shading around multiple boxes denotes relationships between groups of
upstream and downstream effects. Progression of effects is depicted from left to right and color coded (grey, exposure; green, initial
event. blue, intermediate event; orange, apical event). Here, apical events generally reflect results of epidemiologic studies, which
often observe effects at the population level. Epidemiologic evidence may also contribute to upstream boxes. When there are gaps
in the evidence, there are complementary gaps in the figure and the accompanying text below

Figure 6-16 Potential biological pathways for cardiovascular effects following
long-term exposure to PMzs.
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Figure 3-3. Epidemiologic studies examining associations between long-term PM:.s
exposures and mortality.
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Table 3-5. Estimates of PM2s-associated mortality for air quality adjusted to just meet
the current or alternative standards (47 urban study areas).
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Table 3-7. Estimates of PM2s-associated mortality for the current and potential
alternative annual standards in the 30 study areas where the annual standard is
controlling.
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I.


 


Summary of Proposed Action


 


On 


September 11, 2019


, the United States Environmental Protection Agency (EPA) published in 


the 


Federal Register


 


(


8


4


 


FR


 


47944


) 


notice of the availability and public comment period for the 


External Review 


Draft 


of the 


Policy 


Assessment


 


for Particulate Matter.


 


The 


Policy Assessm


ent (PA


)


 


draws from the scientific evidence assessed in the draft Integrated 


Science Assessment 


(ISA) 


for Particulate Matter


 


(PM)


, together with the results of air quality 


and other quantitative analyses, as available. When final, the PA is intended to “br


idge the gap” 


between the scientific and technical information available in the review and the judgments 


required of the Administrator in determining whether to retain or revise the existing PM 


national ambient air quality standard (


NAAQS


)


. 


The EPA 


last revised the primary PM NAAQS in 


2012 based on the available scientific literature supporting that standard.


 


II.


 


General 


Comments


 


A.


 


The current annual and 24


-


hour PM NAAQS should be retained without 


revision.


 


 


T


he level of the current primary NAAQS offers su


fficient protection of public health with an 


adequate margin of safety.


 


 


Risk estimates based on recent literature in the EPA PA (2019) do not provide a sufficiently 


sound scientific basis for expecting that reducing the annual or 24


-


hour PM


2.5


 


NAAQS value


s 


would result in real reductions in mortality risk.


 


 


That is, statistical weight


-


of


-


evidence (WOE) and other considerations do not indicate that 


further reductions from the current NAAQS values can be confidently counted on to provide a 


real public health


 


benefit in terms of reductions in mortality. EPA’s own work points to this 


conclusion. Tables 3


-


5 and 3


-


7 of the 


EPA


 


PA (2019) provide PM


2.5


-


associated risk estimates for 


the current annual and 24


-


hour NAAQS and various alternative standards (i.e., 11, 10


, and 9 


µg/m


3 


as alternate annual PM


2.5 


standards and 30 µg/m


3


 


as an alternative 24


-


hour PM


2.5 


standard) based on concentration


-


response functions from various epidemiological studies (see 


pp. 3


-


85 and 3


-


88 of 


EPA


 


PA 2019). These tables are used below, alo


ng with other 


considerations where necessary (e.g., the inaccuracy of 


EPA


’s modeling relative to the 


reductions being modeled), to demonstrate this critical point.


 


Modeling Inaccuracy


 


Likewise, the relative inaccuracy of EPA’s modeling does not support


 


low


ering the annual PM


2.5


 


standard. Table C


-


6 of the EPA PA (2019) indicates that the mean bias (MB) in modeled PM


2.5


 


concentrations ranges from 


-


2.49 to +2.71 µg/m


3


. For every region of the US, at least one season 


has an MB (i.e., error) 


=


 one or more of 


the proposed reductions in the annual PM


2.5


 


NAAQS 


(i.e., annual standard reductions of 1


-


3 µg/m


3


). That is, uncertainty associated with the 


modeling is of the same magnitude as the annual PM


2.5


 


reductions being modeled. As a result, 


the EPA model cannot ev


en accurately model the risk reductions associated with the alternative 


PM


2.5


 


standards (i.e., PM


2.5


 


reductions) that EPA is evaluating/proposing because modeling 


error is admittedly the same or greater than the PM


2.5


 


reductions associated with the alterna


tive 


standards. Modeling with errors equal to or greater than the reductions EPA is attempting to 


model/propose is incapable of adequately supporting such 


reductions because the modeling is 




          Page  1     COMMENTS BY THE TEXA S COMMISSION ON EN VIRONMENTAL QUALITY  REGARDING  THE  SEPTEMBER 20 19  EXTERNAL REVIEW  DRAFT  POLICY   ASSESSMENT   FOR PARTICULATE MAT TER   EPA DOCKET ID NO. EP A - HQ – OAR – 2015 – 0072    

I.

  Summary of Proposed Action   On  September 11, 2019 , the United States Environmental Protection Agency (EPA) published in  the  Federal Register   ( 8 4   FR   47944 )  notice of the availability and public comment period for the  External Review  Draft  of the  Policy  Assessment   for Particulate Matter.   The  Policy Assessm ent (PA )   draws from the scientific evidence assessed in the draft Integrated  Science Assessment  (ISA)  for Particulate Matter   (PM) , together with the results of air quality  and other quantitative analyses, as available. When final, the PA is intended to “br idge the gap”  between the scientific and technical information available in the review and the judgments  required of the Administrator in determining whether to retain or revise the existing PM  national ambient air quality standard ( NAAQS ) .  The EPA  last revised the primary PM NAAQS in  2012 based on the available scientific literature supporting that standard.  

II.

  General  Comments   A.   The current annual and 24 - hour PM NAAQS should be retained without  revision.     T he level of the current primary NAAQS offers su fficient protection of public health with an  adequate margin of safety.     Risk estimates based on recent literature in the EPA PA (2019) do not provide a sufficiently  sound scientific basis for expecting that reducing the annual or 24 - hour PM 2.5   NAAQS value s  would result in real reductions in mortality risk.     That is, statistical weight - of - evidence (WOE) and other considerations do not indicate that  further reductions from the current NAAQS values can be confidently counted on to provide a  real public health   benefit in terms of reductions in mortality. EPA’s own work points to this  conclusion. Tables 3 - 5 and 3 - 7 of the  EPA   PA (2019) provide PM 2.5 - associated risk estimates for  the current annual and 24 - hour NAAQS and various alternative standards (i.e., 11, 10 , and 9  µg/m 3  as alternate annual PM 2.5  standards and 30 µg/m 3   as an alternative 24 - hour PM 2.5  standard) based on concentration - response functions from various epidemiological studies (see  pp. 3 - 85 and 3 - 88 of  EPA   PA 2019). These tables are used below, alo ng with other  considerations where necessary (e.g., the inaccuracy of  EPA ’s modeling relative to the  reductions being modeled), to demonstrate this critical point.   Modeling Inaccuracy   Likewise, the relative inaccuracy of EPA’s modeling does not support   low ering the annual PM 2.5   standard. Table C - 6 of the EPA PA (2019) indicates that the mean bias (MB) in modeled PM 2.5   concentrations ranges from  - 2.49 to +2.71 µg/m 3 . For every region of the US, at least one season  has an MB (i.e., error)  =  one or more of  the proposed reductions in the annual PM 2.5   NAAQS  (i.e., annual standard reductions of 1 - 3 µg/m 3 ). That is, uncertainty associated with the  modeling is of the same magnitude as the annual PM 2.5   reductions being modeled. As a result,  the EPA model cannot ev en accurately model the risk reductions associated with the alternative  PM 2.5   standards (i.e., PM 2.5   reductions) that EPA is evaluating/proposing because modeling  error is admittedly the same or greater than the PM 2.5   reductions associated with the alterna tive  standards. Modeling with errors equal to or greater than the reductions EPA is attempting to  model/propose is incapable of adequately supporting such  reductions because the modeling is 

