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December 9, 2008

Chairman Mary Nichols

Executive Officer James Goldstene

California Air Resources Board

1001 I Street

Sacramento, CA, 95812

Re:  December 11-12, 2008 Public Hearing to Consider the Adoption of Proposed Regulation to Control Emissions from In-Use On-Road Diesel Vehicles

Dear Chairman Nichols and Mr. Goldstene:

During the development of this rulemaking, ARB staff made a draft report updating a portion of the staff’s benefits methodology available for public comment.
  Air Improvement Resource, Inc. reviewed that report and provided comments to the staff.
  The recently-issued final staff report
 includes our comments in the supplement and includes responses to our comments in Appendix 5 along with responses to other public comments.   

The regulatory documents for the proposed rules indicate that a large proportion of the estimated monetized benefits result from avoiding premature death.
  For example, the Technical Support Document indicates that cumulative benefits over the period 2010 to 2025 will be between $48 billion and $69 billion depending on the discount rate assumed, while estimated benefits from avoided morbidity range from $350 million to $500 million.  Therefore, the overwhelming proportion of the estimated benefits come from avoided premature mortality.  The TSD also notes that approximately 68 percent of the benefits are from PM from NOx emissions and the remaining 32 percent from direct PM emissions.  

Since the new methodology for estimating premature deaths associated with long-term exposures to PM2.5 in California plays a key role in the benefits estimates in the proposed regulations, it is important to determine the scientific credibility of the methodology staff used.   Although there were a number of substantive public comments on the proposed methodology, there was little or no change in the final staff report.  Although AIR and others raised numerous concerns with the assumptions made in the May 22 draft staff report, a large number of these points were not addressed or only addressed superficially in the staff’s response to comments.  In particular, there is a growing body of evidence that neither direct diesel PM nor nitrate PM can cause the increased risk of premature mortality that staff ascribes to the diesel source in the proposed regulations.  As a result, the estimated benefits of the proposed regulations are largely illusory and, if so, will not accrue to the people of California if the regulation is implemented as proposed.  

AIR’s review of the comments and staff responses to comments indicates that the staff accepts uncritically findings that agree with its position and either fails to address findings that disagree with its position or finds reasons to discount these findings.  This is not a scientifically sound approach.  In particular, there is substantial evidence that the assumption that all ambient PM is equally toxic, which is necessary to apply the staff’s methodology, cannot be supported.   In particular, the July 11, 2008 AIR comments documented that the spatial and temporal pattern of results from the existing chronic and acute exposure studies is not consistent with the assumption inherent in the analysis that there is a mortality effect of generic ambient PM2.5.  The assumption inherent in regulating all PM2.5 as if it were equally toxic also is not consistent with the large body of toxicological data on either individual PM2.5 components or ambient PM2.5 mixtures.  In addition, if low doses of ambient particles were causing the serious health effects implied by the statistical associations relied upon in the staff’s analysis, then low doses of particles should be causing similar effects in other exposure situations.   As shown in the earlier AIR comments, this is not the case.
The final October 24 staff report supports the assumption of equal toxicity with the claim that “…time-series and national cohort studies have shown that the mortality effects of PM in California are comparable to those found in other locations in the United States (Dominici et al. 2005, Franklin et al. 2007, Jerrett et al. 2005a; Pope et al. 2002).”
    

The final report also acknowledges that the expert solicitation relied heavily on the Jerrett et al. 2005a study and that the “analysis by Jerrett (2005a) of the ACS cohort in Los Angeles shows that as exposure estimation is refined with sophisticated modeling, the effect increases (RR 1.17 compared to RR 1.06 in Pope et al.)…”
  In fact, the results from the Jerrett et al. study were a major factor in the ARB decision to re-evaluate the PM2.5 mortality benefit methodology.  

In contrast to these claims in the final staff report, there is substantial evidence of heterogeneity in the observational data indicating that the cardiovascular PM/mortality associations in the Eastern United States are not transferable to California.  In addition, there is substantial evidence that the pollutants that would be reduced by the proposed regulations, primary PM from diesel vehicles and secondary PM from NOx emissions, do not cause significant cardiovascular health effects.  Finally, the health risk assumed by ARB for ambient PM2.5 is not consistent with the health risk of PM in other exposure situations.  The scientific findings in all three of these categories argue against the assumptions underpinning ARB’s methodology and were not adequately addressed by ARB staff in its evaluation of and response to comments.   
Pattern of Results in Observational Studies 

The October 24 staff report uses selected studies (that the staff favors) to claim that mortality effects in California are comparable to those found in other locations.  However, a more thorough review of the available studies indicates that there are major spatial and temporal differences across the country that argue against assuming that California is like the rest of the nation with regard to mortality associations.  As documented in AIR’s July 11 comments, the Health Effects Institute (HEI)-sponsored re-analysis of the Six-City and ACS studies showed that 1) the increased risk was cardiovascular not respiratory, 2) one gaseous pollutant, SO2, had a strong association with mortality, 3) when SO2 was included in the model the PM all-cause mortality association was materially reduced and became non-significant, 4) the increased mortality was experienced in the portion of the cohort that had a high school education or less, and 5) there was a significant spatial heterogeneity in the association, with no effect seen in western U. S. cities. In particular, during the review of the federal PM standards in 2001, EPA staff pointed out the significant spatial variation in the data with actually a negative estimate of excess PM2.5 mortality risk in the West.
  

A recent analysis by Zeger et al.
 that is discussed in the October staff report confirms the large spatial difference in effect in a cohort of 13 million Medicare enrollees.  When introducing the study in general, the October report cautions that effect estimates for the Medicare cohort may be biased upward due to lack of adjustment for individual level risk factors.  Nevertheless, when addressing the fact that although Zeger et al. reported statistically significant results for the eastern and central United States that are in general agreement with previous publications, Zeger et al. found no significant effect of PM2.5 on mortality in the western United States, staff noted that this result (in the west) may be due to lack of control for individual level covariates in the analysis.  Based on this expressed concern, staff leaves the Zeger et al. results out of its analysis. This is a classic example of finding a reason or excuse to ignore a result that does not fit into or support the staff’s view.  In contrast, the concern over lack of control for individual level covariates should raise the issue that the effects reported in the eastern and central U S. may be biased upward.  
There are two California-specific cohort studies that AIR discussed in the July 11 comments that also find little or no PM mortality signal. While the results from the Enstom (2005)
 study of a cohort of 36,000 in 11 California counties and the AHSMOG cohort of 6,338 non-smoking Seventh Day Adventists
 are included in Table 1 of the October report, staff finds reasons to omit these studies from the mix used to develop its dose-response factor.  As noted in Table 1, no significant positive associations of PM with mortality were found in AHSMOG with 15 years of follow-up (the excess cardiopulmonary risk for 20 (g/m3 PM10 was 0.6 % with 95th percentile confidence limits of -8%, 10%). Although the Chen et al. (2005)
 update reports a positive association with a subset of cardiovascular deaths in females but not males with 22 years of follow-up, they include a comment that in extended follow-up of cardiopulmonary mortality in the total AHSMOG cohort through 1998 using the same models as previously, “we continue to find slightly stronger association in males than in females (unpublished data).” The fact that Chen et al. do not report these results suggests that their update found no overall cardiopulmonary effect, so this study does not support the ACS and Six-City findings.  The omission of results calculated in a way that can be directly compared with the earlier study and with other studies in the literature is a serious oversight.   Since this is a California study, ARB should contact the authors and request the data be provided on a basis that can be compared to the other studies in the literature.  

Instead of utilizing all the available results, the staff finds reasons to disregard the Zeger et al., Enstom, and AHSMOG studies and instead relies heavily on the Jerrett et al. 2005 study that reported higher fine PM/premature death associations in the 23,000 members of the ACS cohort that lived in metropolitan Los Angeles.  Staff rationalizes that the Jerrett et al. study found higher effects because of the refined exposure estimates based on sophisticated modeling.  However, there are two other examples of refined spatial analyses that do not support this conclusion.  Both AIR and HEI provided public comments noting an extended follow-up and spatial analysis of the ACS cohort being carried out for the Health Effects Institute that found that, unlike the Los Angeles results, “mortality for all-cause, cardiopulmonary, and lung cancer deaths was not elevated in the New York spatial analysis.”
  The new HEI study reports, in agreement with earlier analyses, that the PM2.5 signal in the ACS cohort is an association with cardiovascular and not respiratory deaths; in fact, elevated PM2.5 appeared to be somewhat protective against respiratory deaths.  The October report dismisses consideration of the new HEI study because it is not yet in the peer reviewed literature.  

However, there is a third refined spatial analysis that is included in the October report but its findings are not explicitly considered in relation to the staff’s interpretation of Jerrett et al.  The October report discusses a Netherlands pilot study, Hoek et al. 2002, and indicates that a more recent study of the same cohort, Beelen et al. 2008, reinforces the conclusions of the pilot study and lends convincing support to the general link between premature death and PM.  This description is misleading.  First, the 2008 study involved the full cohort of over 120,000 subjects whereas the pilot study was only 5,000 subjects from the cohort.  Second, the associations in the full cohort were much lower than for the pilot study, with none of the PM2.5 associations in the full cohort being statistically significant.  Third, the strongest associations were with respiratory mortality.   Thus, although Beelen et al. assessed air pollution on an even finer spatial scale than Jerrett et al., they report lower relative risks and, if anything, a respiratory signal as compared to the cardiovascular signal in the ACS cohort. 

Staff relies heavily on the Jerrett et al. study in developing the dose-response relation.  However, a close reading of the study indicates that it should not be relied upon as the only California study included the in the analysis.  Jerrett et al. 2005 extracted data on almost 23,000 subjects in the Los Angeles area from the ACS cohort for the period 1982–2000, with more than 5,000 deaths.  Pollution exposures were interpolated from 23 fine PM and 42 ozone fixed-site monitors.  After controlling for 44 individual covariates, they reported a significantly increased risk of mortality associated with fine PM for all-cause, ischemic heart disease, and lung cancer mortality.  The only joint pollutant analyses were with ozone, and the authors conclude that the PM results were robust to adjustments for ozone and expressway exposure.  The authors also state that the magnitude of fine PM effects are about three times as large as those found in earlier studies, the clear implication being that the better exposure estimates obtained by interpolation of the pollution data “suggest the chronic health effects associated with within-city gradients in exposure to PM2.5 may be even larger than previously reported across metropolitan areas.”  Based on the two studies noted above, we now know that this is not necessarily the case.  In addition, when contextual covariates related to socioeconomic status were included in the analyses, the associations of fine PM with total, ischemic heart disease, and lung cancer mortality were substantially attenuated and became either statistically insignificant or only borderline significant. For example, the all-cause mortality association was reduced from 1.17 (1.05-1.30) to 1.11 (0.99-1.25) per 10 (g/m3 increase in PM2.5.  Finally, the major cause of death that dominated the excess risk and was the only major cause statistically significantly elevated in the analyses with fine PM and individual covariates was ischemic heart disease.  Thus, the mortality signal in Jerrett et al. is with a subset of cardiovascular diseases and that signal is only borderline significant in the more complete analyses.  
There are clearly major spatial differences in the full body of cohort studies of chronic mortality.  The high probability that the association of risk of cardiovascular death in the central and eastern U. S. with PM2.5 is unique must be considered by the ARB.  If the staff had included the Enstom, Zeger, and AHSMOG results in the analysis and used the Jerrett et al. result with contextual covariates, the low end of their credible range would have been 0 %.   Thus, by excluding relevant California studies from their thinking and including potentially irrelevant studies, ARB has biased the results high.   

The overall patterns in acute observational studies are also not consistent with a generic PM2.5 effect. As noted above, the health effects signal in the long-term cohort studies is a cardiovascular signal in the central and eastern portion of the U. S., with actually a negative association in the west.  There are similar regional differences in the acute studies.  Of the available multi-city studies, NMMAPS is the most comprehensive for mortality and the recent Dominici et. al. (2006) analysis is the most comprehensive for hospital admissions.   Although NMMAPS used PM10 data, the PM signal would include both fine and coarse PM effects and the results have been evaluated by region.  The staff relies on the Dominici et al. 2005 analysis by region, but a seasonal NMMAPS analysis by Peng et al. that includes both temporal and spatial effects is now available.
   Using updated mortality data from 1987-2000 in 100 cities, the analyses by season show that the combined association at lag 1 was greatest during the summer.  Summer was the only season for which the combined effect was statistically significant. An analysis by geographical regions showed a strong seasonal pattern in the Northeast with a peak in the summer and little seasonal variation in the southern regions of the country.  The authors acknowledge that there are several possible explanations for their results.  One obvious hypothesis is that the most toxic particles have a spring/summer maximum and are more prevalent in the Northeast. 

The Dominici et al.2006
 study evaluated fine PM hospital admissions associations for 204 U. S. urban counties with a population greater than 200,000 using 1999-2002 Medicare hospital admission data.  The results are presented for a two stage Bayesian analysis for various types of admissions and by region.  Combined associations of the order of 1 % increase in various cardiovascular or respiratory outcomes per 10µg/m3 increase in PM2.5 are reported. The authors report strong evidence of spatial heterogeneity in the PM2.5 associations.   The authors present results from seven separate regions as well as a comparison of the three western regions with the four eastern regions.  There is a clear difference in the combined associations among the regions and particularly between the eastern and western region.  The combined association is positive for cardiovascular outcomes in the east but negative in the west except for heart failure that is positive in both areas.  This is not consistent with an effect of generic PM2.5 on cardiovascular hospital admissions.  Rather, it is consistent with a major difference in PM2.5 effects on cardiovascular outcomes between the east and west as is seen in the chronic mortality studies discussed above.  Indeed, the authors point out the need to shift the focus of research to identifying those characteristics of particles that determine their toxicity. 

Although the ARB report does not discuss the acute mortality studies in detail, there is ample evidence of an implausibly wide range in individual city associations in numerous multi-city studies.  For example, the Franklin et al. 2007 study of acute mortality in 27 U. S. cities referenced by staff reports individual city associations ranging from – 5 % to + 10 % per 10 (g/m3 increase in PM2.5.  Franklin et al. discuss the cities with strong positive associations but never acknowledge the strong and statistically significant negative associations in cities like Houston and Dallas.  They do note that there is stochastic variability in their results.  With respect to California, Los Angeles and Riverside had slightly negative PM2.5 associations in the Franklin et al. 2007 study while Sacramento and San Diego had positive associations. 
There are now many multi-city studies that show the same implausibly wide range in individual-city associations, both with PM2.5 and with PM10.  Dominici et al.
 acknowledge that the city-specific maximum likelihood estimates from their study of the 88 largest U. S. cities range from  - 4 to + 4 % per 10 (g/m3 increase in PM10.  This translates into a range of  - 8 % to + 8 % (with a combined estimate of 0.4 %) for a 20 (g/m3 PM10 increase, an increment that would roughly correspond to a 10 (g/m3 increase in PM2.5.  

In summary, the overall pattern in both acute and chronic studies in California and across the nation is not of a consistent PM2.5 mortality signal, as assumed by ARB.  While there is a great deal of stochastic variability in individual-city results in the acute studies, the combined effects in large multi-city studies indicate spatial heterogeneity that is similar to the spatial heterogeneity seen in the chronic studies, with a major difference between the east and west.  There is also heterogeneity in the seasonal results.  As a result of these overall patterns, the ARB assumption of equal toxicity cannot be supported.   Instead, the focus of research should be on identifying the cause or causes of the positive cardiovascular associations observed in the central and eastern U. S.   
Toxicity of Fine PM Components

PM air pollution is a complex mixture of solid and liquid particles that vary in number, size, shape, surface area, chemical composition, solubility, and origin.  The U. S. EPA’s PM Criteria Document (CD)
 indicates that different PM materials also vary extensively in toxicity based on over 30 years of toxicological study.  The CD concludes that the historical toxicological data provide little basis for concluding that specific PM constituents have substantial respiratory effects at current ambient levels.  This substantial body of information is routinely used to establish chemical-specific standards that are used in occupational and other settings and demonstrates that the relative toxicity of different PM2.5 species per unit mass varies by over three orders of magnitude.
 

In the high dose toxicological studies reviewed in the CD, there are many examples that show that biological response varies dramatically depending on the chemical composition of the PM used. The CD summarizes this material noting that overall, the new studies suggest that some particles are more toxic than others.  The CASAC specifically commented on this issue indicating “The chapter must make it clear that there is a large data base that indicates that PM is markedly variable in its toxic potency.”
  Thus, the assumption that all PM is equally toxic cannot be supported and the current practice of measuring and regulating all PM2.5 as if it were equally toxic is a gross simplification that leads to substantial uncertainty.

The adverse health signal in the ACS and Six City studies that the ARB methodology relies on is a cardiovascular signal.  In contrast, the concern over health effects from diesel exhaust, based on extensive studies, has concentrated on respiratory effects.  There are numerous studies of diesel emissions and exposures that have been reviewed in comprehensive reports by the U. S EPA,
 the Health Effects Institute
 and by Hesterberg et al.
  The EPA Health Assessment Document for Diesel Exhaust reviews the extensive animal and human studies of the effects of diesel and discusses numerous respiratory effects that may occur due to diesel exposure.  However, in discussing the human studies that are primarily of occupational exposures, EPA concludes that “the absence of reported noncancerous human health effects, other than infrequently occurring effects related to respiratory symptoms and pulmonary function changes, is notable.”
  Regarding cardiovascular disease, EPA cites the Edling et al. 1987 study of a cohort of male bus garage employees followed from 1951 through 1983 in which no increased mortality from cardiovascular disease was found when compared with the general population or grouped as subcohorts with different levels of exposure.  The lack of cardiovascular risk in occupational cohorts exposed to historic high concentrations of diesel exhaust is not coherent with diesel causing cardiovascular mortality at current ambient concentrations. 

There is also a lack of toxicological or occupational data that suggests nitrate PM can cause major cardiovascular risk.  Another issue with PM nitrate is that ammonium nitrate volatilizes as it penetrates the building shell with the nitric acid formed being lost at surfaces.  Thus, real-world nitrate exposures of the population, since people spend the bulk of time indoors, will be substantially below the ambient nitrate concentrations.  

Risks in Other Exposure Situations 

One of the important points made in the earlier AIR comments is that the ambient fine PM mortality signal used by ARB is not consistent with the effects of PM exposure in other situations.  If low doses of ambient particles are causing the serious health effects implied by the statistical associations relied on by ARB, then low doses of particles should be causing similar effects in other exposure situations.  As discussed in the July 11, 2008 AIR comments, the exposure to nonambient particles is as high or higher than the exposure to ambient particles.  Therefore, there should be a health signal for generic particles as measured by mass in the indoor pollution literature.  Although there are well-established indoor health risks from environmental tobacco smoke and from particles of biological origin such as house dust-mite, cockroach, and animal allergens, no substantial or consistent health signal from generic PM has been documented.  A recent review of the scientific literature focusing on non-industrial indoor environments looked for evidence of particle health effects.
 An interdisciplinary group of European researchers surveyed over 10,000 articles by title, chose 1725 abstracts to screen, and chose 70 articles for full review.  They concluded that “there is inadequate scientific evidence that airborne, indoor particulate mass or number concentrations can be used as generally applicable risk indicators of health effects in non-industrial buildings.”  The lack of a health signal from generic indoor PM is not coherent with the assumed presence of a strong outdoor generic ambient PM health signal.  

Gamble and Nicolich
 compared the risks from smoking and occupational exposures with the risks implied by several of the cohort studies and concluded that the toxicity per unit mass of ambient PM would have to be 2 to 4 orders of magnitude higher than that from smoking to explain the ambient risks.  The finding led them to conclude that the risks from the cohort studies were not coherent with the risks derived from smoking or occupational studies. 

The findings from massive indoor pollutant exposures in developing nations are also relevant.  Approximately half the world’s population relies on unprocessed biomass fuels (wood, coal, crop residues, or animal dung) for cooking and space heating.  These fuels are typically burned indoors in simple unvented cookstoves.   The exposures to both gases and particles are many times higher than the indoor exposures in developed countries.  For example, a detailed exposure study
 of 55 households in rural Kenya reports that PM10 exposures of adult women (who normally cook and tend the fire) were the order of 5 mg/m3 while adult male exposures were the order of 1 mg/m3.   These levels are 40 to 200 times higher than the current average U. S. outdoor PM10 levels of 25 (g/m3.  A 2002 World Health Organization report
 of the health effects of indoor pollution exposures in developing countries reviews the evidence for health effects from these exposures.  While there is strong evidence of important effects on acute and chronic respiratory disease in many countries and effects on lung cancer from coal use in China, there is little evidence to date of a strong cardiovascular signal from these massive exposures.  This also does not appear to be coherent with the assumption of a strong cardiovascular signal from low doses of ambient PM.

Conclusion 

Based on these scientific issues, the ARB staff paper should be revised extensively before it is used to provide benefit estimates for rulemakings.  At a minimum, all the California-specific studies should be included in the analysis and the lower bound for premature mortality in California due to ambient PM2.5 exposure should be set at zero.  This would be consistent with the U. S. EPA’s procedures as noted in the earlier AIR comments.  In addition, since there is greater uncertainty in the dose-response function than acknowledged in the report, ARB should follow the U. S EPA’s procedure and present the results for a wide range of possible cut-off points from background up to 12 or 15 µg/m3.  Finally, the key role of uncertainty due to individual particle toxicities that vary over more than an order of magnitude should be addressed and discussed in the staff report.  If you have any questions concerning these comments, please do not hesitate to contact me at 586-786-0827.

Respectfully submitted,

Jon M. Heuss

Principal Scientist 

Air Improvement Resource, Inc. 
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