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Introduction and Purpose 
 
As stated in the abstract, the purpose of this CARB project is to provide valid estimates 
of long-term effects of air pollution on all California residents.  The project mandated that 
such estimates be based on the mortality experience of the American Cancer Society’s 
Second Cancer Prevention Study (hereafter “ACS CPS II”).  However, it becomes clear 
from Jerrett et al. (hereafter “the report”) that the main target is actually fine particulate 
matter, as indicated by the available PM2.5 measurements, rather than all pollutants, as 
implied by the title.  Further, nothing in the report justifies the restriction of this inquiry to 
ACS CPS II; it is simply stated as a given, even though it is acknowledged that the 
demographic make-up of the ACS cohort does not match that of California and that other 
cohort studies are available.  The abstract cites “a lack of other large cohort studies on 
long-term effects” as part of this justification; however, a simple search of  Medline using 
PubMed finds 98 such published and available studies (without ACS CPS II papers), 
which were reduced to 48 after excluding Asian studies and non-mortality endpoints.  
Adding some studies from my own files increased the number to 61, as shown in 
Appendix A.  Note that no single cohort can adequately represent a population as 
diverse as California’s; the proper approach would thus be a meta-analysis of all of the 
available cohort and population studies. 
 
Three groups of citations in Appendix A merit special attention: 
 

1. Other California cohort studies:  #7, 33, 48, 58-61.  (six papers on 3 cohorts) 
2. Studies involving appreciable numbers of non-white subjects: #10, 26, 41, 42, 49, 

50, 54, 55. 
3. Studies emphasizing vehicular traffic effects: #2, 5, 9, 10, 13,16, 17, 18, 20, 25, 

43, 49,  52, 54, 55.   
 
The relative importance of the first group of studies is obvious.  The second group of 
papers could help respond to the actual makeup of the California population, which is 
only about 77% white.  By contrast,  the California component of ACS CPS II is 92% 
white, but the Washington University – EPRI Veterans Cohort is only 65% white (refs 10, 
26, 41, 42, 50, 54, 55 above) and our studies with this group show substantial hazard 
differences by race.  Note that since the report  assigned exposures by home address, it 
is likely that predominantly non-white California neighborhoods were not included.  The 
fundamental importance of vehicular traffic effects (15 citations above) is borne out by 
the report’s conclusion that “combustion-source air pollution, especially from traffic is 
significantly associated with premature death”, even though it did not directly consider 
specific traffic-related particles.  
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The report emphasizes its efforts in trying to define exposures based on the home 
addresses of cohort members and the need to cover the whole state.  Problems with 
these requirements include: 
 

1. non-residential exposures are neglected. 
2. the hazard analysis will intrinsically be weighted towards the locations with the 

most members, so that members in remote locations will have little impact on the 
analysis in any event.  (The report should include numbers of subjects assigned 
to each ambient monitor.) 

 
It is perhaps ironic that the report devotes considerable effort to defining PM2.5 
exposures and effects (note Table 1 in the abstract) yet the bottom-line conclusions on 
p. 7 refer to traffic.  For example, there are detailed discussions of previous analyses of 
long-term effects of PM2.5 (p. 20) but not for traffic exposures. There are many sources 
of PM2.5 other than traffic, and the report provides no correlations between traffic 
exposure and ambient air quality.  Had the 15 prior studies of traffic effects been 
consulted at the beginning of the project, for example on exposures, better results would 
have been likely. 
 

Specific Comments 
 
Table 21 provides mean air quality levels based on individual home addresses, but other 
sources of exposure are not considered.  While the effort  expended in using home 
addresses may be admirable, use of averages over county or sub-county areas may 
actually be more realistic, taking into account commuting and occupational exposures.  
Several studies have shown that long-term air pollution risks tend to be higher for 
younger adults (see [Villeneuve et al., 2002 for example), so that residential and 
employment mobilities may pose real issues.  Ostro et al. (2010, erratum) found major 
differences in hazards within 8 km of monitors and within 30 km. 
 
The correlations in Tables 24 and 25 should be subject-weighted.  The values shown are 
so high as to preclude any real hope of defining separate hazards associated with any of 
them. 
 
The analysis does not include carbon monoxide or any other non-sulfate constituents of 
PM, like elemental carbon or nitrate.  Ostro et al. (2010) used such data; which are 
available at 8 California monitors.  They found 44,000 female subjects living with in 30 
km of a monitor.  This approach should have been considered with ACS CPS II.  
 
The analyses of Ostro et al. (2010) merit specific attention, especially the more recent 
erratum.  For example. They estimated 216 all-cause deaths associated with PM2.5 
within 8 km of a monitor, but only 75 after expanding the catchment area to a 30 km 
radius.  This implies that 141 lives were “regained” by this change in definition, whereas 
one would have though that additional lives would have been lost because of the 
regional nature of PM2.5.  The ACS report should have included such an analysis. 
 
Similarly, when one computes the difference between all-cause deaths associated with 
PM2.5 in Ostro et al., and deaths associated with specific causes, one concludes that 
“other” deaths (causes not mentioned) must be strongly negatively associated with 
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PM2.5.  This is the reason that only all-cause deaths are important for public health 
policies.  
 
The conclusions relative to traffic cite “combustion-source air pollution.”  However, no 
attempts were made to consider traffic noise, CO, road dust, or traffic-related air toxics 
like benzene of formaldehyde.  Thus, there is no basis for assuming that “combustion 
products” per se are responsible for all of the observed traffic-related effects. 
 
The report considers subjects by age but not risks by age, which have been shown to 
decrease in other studies.  Brunekreef (1997) and Englert (1999) have shown that such 
distributions are crucial when estimating the changes in life expectancy within a closed 
cohort, which differ from those in an open population (ecological) study.  It is important to 
recognize that early deaths within a closed cohort leave a remainder of hardy survivors 
for whom environmental risks are less likely.  This is seen in Engstrom’s analysis of the 
California ACS CPS-I cohort (Ref. 10 in the report).  Englert (1999) carried out life 
expectancy calculations that show this “cohort depletion” effect and concluded: “Applying 
the relative risk derived from cohort studies directly as a multiplier on daily or annual 
mortality leads to a considerable overestimation of effects.”  
 
The tables of results (hazard ratios) (Tables 27-42) are bewildering and would appear to 
allow the reader to choose any value that meets his/her prior expectation, from major 
risk to major benefit.  No measures of overall model fit are presented and there is thus 
no basis for selecting one model over another.  Perhaps most telling are the frequent 
occurrences of apparently beneficial effects with respect to “other” causes of mortality 
(often significant).  Unfortunately, we cannot limit air pollution exposures to persons 
having specified diseases, and thus it is only risks of all-cause mortality that matter. (The 
report does not specify whether trauma deaths are included; they should not be.) 
 
It would have been useful to test whether using individual home exposures rather than 
area averages actually improves overall model performance. 
 
There several alternative measures of traffic proximity besides residential proximity to 
highways, for example traffic density (VMT per unit area).  People in the work force are 
exposed to many situations other than those at home.  Given the final conclusions about 
the importance of traffic, more attention should have been placed on traffic exposures. 
 
This report is entitled “spatiotemporal” analyses, yet the temporal portion is quite minor, 
was unsuccessful, and did not consider either traffic or PM.  Villeneuve et al. (2002) 
considered temporal variations within the Six Cities Study and commented: 

1. “Mortality risks associated with PM2.5 did not depend on when exposure 
occurred in relation to death….”  

2. “The inclusion of the number of years of residence did not change 
appreciably the risk of mortality due to PM2.5.”  

Similar information should have been obtained for ACS CPS II; it bears directly on the 
crucial public health question, whether intervention by pollution abatement would 
actually have any effects.  Until the effects of prior pollution abatement have been 
demonstrated, it seems problematic to call for further abatement. 
 
As a result, this report provides no evidence about the extent to which improved public 
health that might result from further abatement of air pollution or traffic.  “Abatement” is 
not  even mentioned in the report, yet it is a main task of CARB..  
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Conclusions 
 
It is clear that a large amount of effort went into this report.  However, when viewed as a 
whole, it is also clear that selecting and emphasizing a particular hypothesis to be 
supported a priori (mortality risks associated with PM2.5) is fraught with peril.  The 
beginning of the report is laced with PM2.5 issues; traffic risks are emphasized at the end.  
Had the investigators approached the topic (public health) with a more  open mind at the 
outset, a better result might well have been achieved. 
 
I recommend that this report be rejected in its present state until the above deficiencies 
have been addressed.  
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 Appendix A  Long-term cohort and ecological mortality studies, as of 6/24/2011 
 
1: Gill EA, Curl CL, Adar SD, Allen RW, Auchincloss AH, O'Neill MS, Park SK, Van  
Hee VC, Diez Roux AV, Kaufman JD. Air pollution and cardiovascular disease in the 
Multi-Ethnic Study of Atherosclerosis. Prog Cardiovasc Dis. 2011 
Mar-Apr;53(5):353-60. Review.  
 
2: Gan WQ, Koehoorn M, Davies HW, Demers PA, Tamburic L, Brauer M. Long-term 
exposure to traffic-related air pollution and the risk of coronary heart disease  
hospitalization and mortality. Environ Health Perspect. 2011 Apr;119(4):501-7. 
 
3: Huss A, Spoerri A, Egger M, Röösli M; Swiss National Cohort Study Group. 
Aircraft noise, air pollution, and mortality from myocardial infarction. 
Epidemiology. 2010 Nov;21(6):829-36.  
 
4: Halonen JI, Zanobetti A, Sparrow D, Vokonas PS, Schwartz J. Associations 
between outdoor temperature and markers of inflammation: a cohort study. Environ  
Health. 2010 Jul 23;9:42.  
 
5: Merlo DF, Stagi E, Fontana V, Consonni D, Gozza C, Garrone E, Bertazzi PA, 
Pesatori AC. A historical mortality study among bus drivers and bus maintenance 
workers exposed to urban air pollutants in the city of Genoa, Italy. Occup 
Environ Med. 2010 Sep;67(9):611-9.  
 
6: Maheswaran R, Pearson T, Smeeton NC, Beevers SD, Campbell MJ, Wolfe CD. 
Impact 
of outdoor air pollution on survival after stroke: population-based cohort study. 
Stroke. 2010 May;41(5):869-77.  
 
7: Ostro B, Lipsett M, Reynolds P, Goldberg D, Hertz A, Garcia C, Henderson KD, 
Bernstein L. Long-term exposure to constituents of fine particulate air pollution 
and mortality: results from the California Teachers Study. Environ Health 
Perspect. 2010 Mar;118(3):363-9.   See erratum. 
 
8: Brunekreef B, Beelen R, Hoek G, Schouten L, Bausch-Goldbohm S, Fischer P, 
Armstrong B, Hughes E, Jerrett M, van den Brandt P. Effects of long-term exposure 
to traffic-related air pollution on respiratory and cardiovascular mortality in 
the Netherlands: the NLCS-AIR study. Res Rep Health Eff Inst. 2009 
Mar;(139):5-71; discussion 73-89.  
 
9. Jerrett M, Finkelstein MM, Brook JR, Arain MA, Kanaroglou P, Stieb DM, Gilbert 
NL, Verma D, Finkelstein N, Chapman KR, Sears MR. A cohort study of 
traffic-related air pollution and mortality in Toronto, Ontario, Canada. Environ  
Health Perspect. 2009 May;117(5):772-7.  
 
10: Lipfert FW, Wyzga RE, Baty JD, Miller JP. Air pollution and survival within 
the Washington University-EPRI veterans cohort: risks based on modeled estimates  
of ambient levels of hazardous and criteria air pollutants. J Air Waste Manag 
Assoc. 2009 Apr;59(4):473-89.  
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11: von Klot S, Gryparis A, Tonne C, Yanosky J, Coull BA, Goldberg RJ, Lessard D, 
Melly SJ, Suh HH, Schwartz J. Elemental carbon exposure at residence and survival 
after acute myocardial infarction. Epidemiology. 2009 Jul;20(4):547-54. . 
 
12: Zeger SL, Dominici F, McDermott A, Samet JM. Mortality in the Medicare 
population and chronic exposure to fine particulate air pollution in urban 
centers (2000-2005). Environ Health Perspect. 2008 Dec;116(12):1614-9.  
 
13: Beelen R, Hoek G, Houthuijs D, van den Brandt PA, Goldbohm RA, Fischer P, 
Schouten LJ, Armstrong B, Brunekreef B. The joint association of air pollution 
and noise from road traffic with cardiovascular mortality in a cohort study. 
Occup Environ Med. 2009 Apr;66(4):243-50.  
 
14: Zanobetti A, Bind MA, Schwartz J. Particulate air pollution and survival in a 
COPD cohort. Environ Health. 2008 Oct 10;7:48.  
 
15: Puett RC, Schwartz J, Hart JE, Yanosky JD, Speizer FE, Suh H, Paciorek CJ, 
Neas LM, Laden F. Chronic particulate exposure, mortality, and coronary heart 
disease in the nurses' health study. Am J Epidemiol. 2008 Nov 15;168(10):1161-8.  
 
16: Beelen R, Hoek G, van den Brandt PA, Goldbohm RA, Fischer P, Schouten LJ, 
Armstrong B, Brunekreef B. Long-term exposure to traffic-related air pollution 
and lung cancer risk. Epidemiology. 2008 Sep;19(5):702-10.  
 
17: Beelen R, Hoek G, van den Brandt PA, Goldbohm RA, Fischer P, Schouten LJ, 
Jerrett M, Hughes E, Armstrong B, Brunekreef B. Long-term effects of 
traffic-related air pollution on mortality in a Dutch cohort (NLCS-AIR study). 
Environ Health Perspect. 2008 Feb;116(2):196-202.  
 
18: Rosenlund M, Picciotto S, Forastiere F, Stafoggia M, Perucci CA. 
Traffic-related air pollution in relation to incidence and prognosis of coronary  
heart disease. Epidemiology. 2008 Jan;19(1):121-8.  
 
19: Naess O, Piro FN, Nafstad P, Smith GD, Leyland AH. Air pollution, social 
deprivation, and mortality: a multilevel cohort study. Epidemiology. 2007 
Nov;18(6):686-94.  
 
20: Laden F, Hart JE, Smith TJ, Davis ME, Garshick E. Cause-specific mortality in 
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23: Schikowski T, Sugiri D, Ranft U, Gehring U, Heinrich J, Wichmann HE, Krämer 
U. Does respiratory health contribute to the effects of long-term air pollution 
exposure on cardiovascular mortality? Respir Res. 2007 Mar 7;8:20.  
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24: Torén K, Bergdahl IA, Nilsson T, Järvholm B. Occupational exposure to 
particulate air pollution and mortality due to ischaemic heart disease and 
cerebrovascular disease. Occup Environ Med. 2007 Aug;64(8):515-9.. 
 
25: Hoffmann B, Moebus S, Stang A, Beck EM, Dragano N, Möhlenkamp S, 
Schmermund 
A, Memmesheimer M, Mann K, Erbel R, Jöckel KH; Heinz Nixdorf RECALL Study 
Investigative Group. Residence close to high traffic and prevalence of coronary 
heart disease. Eur Heart J. 2006 Nov;27(22):2696-702.  
 
26: Lipfert FW, Baty JD, Miller JP, Wyzga RE. PM2.5 constituents and related air  
quality variables as predictors of survival in a cohort of U.S. military veterans.  
Inhal Toxicol. 2006 Aug;18(9):645-57.  
 
27: Gehring U, Heinrich J, Krämer U, Grote V, Hochadel M, Sugiri D, Kraft M, 
Rauchfuss K, Eberwein HG, Wichmann HE. Long-term exposure to ambient air 
pollution and cardiopulmonary mortality in women. Epidemiology. 2006 
Sep;17(5):545-51. 
  
28: Rosenlund M, Berglind N, Pershagen G, Hallqvist J, Jonson T, Bellander T. 
Long-term exposure to urban air pollution and myocardial infarction. 
Epidemiology. 2006 Jul;17(4):383-90.  
 
29: Frostad A, Søyseth V, Andersen A, Gulsvik A. Respiratory symptoms as 
predictors of all-cause mortality in an urban community: a 30-year follow-up. J 
Intern Med. 2006 May;259(5):520-9.  
 
30: Lepeule J, Rondeau V, Filleul L, Dartigues JF. Survival analysis to estimate  
association between short-term mortality and air pollution. Environ Health 
Perspect. 2006 Feb;114(2):242-7.  
 
31: Laden F, Schwartz J, Speizer FE, Dockery DW. Reduction in fine particulate 
air pollution and mortality: Extended follow-up of the Harvard Six Cities study.  
Am J Respir Crit Care Med. 2006 Mar 15;173(6):667-72. . 
 
32: von Klot S, Peters A, Aalto P, Bellander T, Berglind N, D'Ippoliti D, Elosua  
R, Hörmann A, Kulmala M, Lanki T, Löwel H, Pekkanen J, Picciotto S, Sunyer J, 
Forastiere F; Health Effects of Particles on Susceptible Subpopulations (HEAPSS)  
Study Group. Ambient air pollution is associated with increased risk of hospital  
cardiac readmissions of myocardial infarction survivors in five European cities.  
Circulation. 2005 Nov 15;112(20):3073-9.  
 
33: Enstrom JE. Fine particulate air pollution and total mortality among elderly  
Californians, 1973-2002. Inhal Toxicol. 2005 Dec 15;17(14):803-16.  
 
34: Jerrett M, Burnett RT, Ma R, Pope CA 3rd, Krewski D, Newbold KB, Thurston G,  
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