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 During the February 18, 2011 CASAC teleconference regarding the reconsideration of the ozone 

standard, Dr. Frederick Miller made a comment regarding the Adams (2006) data.  In the Adams (2006) 

study, lung function was measured in 30 study subjects seven times, including before and after 6.6 hours 

of intermittent exercise, under exposure scenarios of filtered air and respective average ozone 

concentrations of 0.04, 0.06, and 0.08 ppm.  In the 0.06 ppm ozone scenario, two of the subjects had lung 

function decrements, as measured by forced expiratory volume in one second (FEV1), of greater than 

10%.  Dr. Miller commented that these two subjects were above their individual thresholds for ozone 

sensitivity at this exposure.  In other words, he claimed that of the 30 people studied, 0.06 ppm ozone 

adversely affected two of them, and he interpreted this finding as pertaining to the greater population 

exposed to ozone.  Dr. Miller's interpretation is incorrect for several reasons.  When scientifically 

accepted statistical methods are used, it is evident that:  (1) one cannot conclude that ozone caused the 

lung function decrements in those two study subjects and (2) lung function decrements at 0.06 ppm ozone 

with exercise are neither statistically significant nor clinically relevant. 

 

 While one’s longer term lung function does not change greatly in the absence of progressive 

health conditions, there are many causes, both known and unknown, of lung function variability in a 

given person on a single day or among people in a group (McDonnell et al., 1993, 1997).  Adams (2006) 

was interested in whether lung function decrements after exercise while being exposed to 0.04, 0.06, or 

0.08 ppm ozone were different than those after exercise in filtered air.  If there were no statistical 

differences between groups of individuals exposed to ozone at a given concentration versus filtered air, 

then one could not conclude that ozone at that concentration caused the lung function decrements.  It is 

important to note that Adams (2006) designed his study specifically to examine whether ozone affected 

groups of people who were exposed to various concentrations differently, not whether ozone affected any 

particular individual.  That is, it was not designed to account for intra-individual variability, or how ozone 

affected any individual study subject.  Although there were two people with decrements in lung function 

greater than 10% when exposed to 0.06 ppm ozone, the lack of a statistically significant difference 

between the 0.06 ppm ozone and filtered air groups overall indicates that one cannot conclude that the 

decrements in these two people were due to ozone rather than some other source of variability that hasn't 

been accounted for.  

 

 The Adams (2006) study also showed an apparent "improvement" in lung function in 6 of the 30 

subjects exposed to 0.06 ppm ozone.  Just as lung function "improvements" in individual study subjects 

do not signify a beneficial effect of ozone, lung function decrements after exposure to 0.06 ppm ozone 

should not be interpreted as an effect from ozone.  Indeed, it is well-established that there is substantial 
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inter-individual variation in FEV1 measurements that is largely unexplained (McDonnell et al., 1993, 

1997), which shows that lung function, as assessed by paired filtered air versus test exposures, can vary 

appreciably due to factors unrelated to ozone.  Particularly at low ozone concentrations, this variability 

must be carefully considered because it can lead to relatively large apparent decrements after ozone 

exposure that may be completely unrelated to the exposure. 

 

 The limitation of looking solely at two individual's results for the 0.06 ppm exposure scenario is 

also exemplified by looking further at their lung function decrements after exposure to 0.08 ppm ozone.  

When compared to the 0.06 ppm exposure, after being exposed to 0.08 ppm ozone, one subject's FEV1 

decrement increased from 12.76% to 14.29% and the other decreased from 14.52% to 12.36%.  Had 0.06 

ppm ozone affected lung function in these two individuals, one would have expected substantially worse 

FEV1 decrements at 0.08 ppm ozone, and certainly not an improvement.  Either way, Adams would have 

needed to take repeated measures from these individuals at these exposures to assess each one's individual 

sensitivity to ozone. 

 

 It is also notable that when subjects were exposed to filtered air, after 6.6 hours of exercise, lung 

function changes ranged from a decrease of 5.02% to an increase of 8.62%.  This means that lung 

function changes varied by 13.64% among subjects with no ozone exposure at all.  While the source of 

these lung function changes is unknown, based on the lack of statistically significant differences between 

the 0.06 ppm exposure and the filtered air exposures, the decrements noted in the two individuals with 

FEV1 changes greater than 10% at 0.06 ppm was likely at least partially due to this variability. 

 

 It should be evident at this point that the lung function decrements observed in the two 

individuals in the Adams (2006) study that were greater than 10% at 0.06 ppm ozone cannot be attributed 

to ozone.  Even if this were so, however, their absorbed ozone dose was much higher than that which 

would be achievable by sensitive people in the population (e.g., asthmatics).  While the nominal ambient 

ozone concentration in the Adams (2006) study at issue is 0.06 ppm ozone, the subjects were exercising 

vigorously (Ve = ~20 L/min/m2) over 6.6 hours, so the absorbed dose of ozone was substantially higher 

than it would have been if the subjects had been at rest.  Indeed, the absorbed dose can probably be safely 

said to be much higher than that of sensitive populations exerting even moderate physical effort.  Because 

this is the case, Adams (2006) has a bias toward overestimating the effect on lung function response.  

Thus, this provides a "margin of safety" for sensitive individuals in the population. 

 



 

G:\Projects\210153_Ozone\TextProc\c22811s.docx  3 Gradient
 

 It has been argued by some CASAC members that Adams (2006) only found statistically non-

significant results because the statistical test, specifically the Scheffe post hoc test, was not sufficiently 

powerful to detect the effect.  The Scheffe test used by Adams (2006) is a commonly used statistical test 

to compare mean values that minimizes false positives, but may be more likely to produce false negatives.  

Some CASAC members suggested that this test is overly conservative and had other statistical tests been 

used, results would have been statistically significant (Allen et al., 2011).  This conclusion is incorrect.  

Dr. Nicolich conducted an analysis of the full data from Adams using a mixed model analysis of variance 

and Dunnett's post hoc test instead of the Scheffe test (Deason, 2007).  This re-analysis, using a technique 

that is less likely to produce false negatives, upheld the original finding in Adams (2006) that there was 

no statistically significant decrement in group FEV1 after exposure to 0.06 ppm ozone versus filtered air 

after 6.6 hours of exercise. 

 

 Brown (2007) and Brown et al. (2008) claim to address the issue of multiple comparisons by only 

analyzing the 6.6 hour exposure data at 0.06 ppm ozone vs. filtered air.  This approach excluded all 

pulmonary function data at other time points and exposure levels.  In addition, this approach is at variance 

with those of other research groups that have performed prolonged ozone exposures and published their 

results in the scientific literature prior to the Brown reanalysis, including those by researchers at the 

University of Rochester (Torres et al., 1997), the University of Toronto (Liu et al., 1999), the University 

of California, Los Angeles (Gong et al., 1997), and US EPA (Gong et al., 2004).  We also note that in a 

presentation to CASAC, Professor William Adams expressed concerns with US EPA's reanalysis of 

selected data from his study and its conclusions, which are very different from those in the published 

paper (Adams, 2007).  While the approach used by Brown (2007) and Brown et al. (2008) produced 

statistically significant results, this can be attributed to the majority of the data being omitted from the 

analysis. 

 

 As per my previous comments (Goodman, 2011), it is important to consider whether small 

decrements in lung function are clinically relevant with respect to broadly recognized clinical guidelines 

(Goodman et al., 2010).  For changes in lung function, the American Thoracic Society judges a reversible 

loss of lung function in combination with symptoms to be adverse (ATS, 2000), while the European 

Respiratory Society suggests that only short-term changes in FEV1 exceeding 12% are of potential 

clinical relevance (Pellegrino, et al. 2005).  The FEV1 decrement of 3.52% at 0.06 ppm ozone reported by 

Adams (2006) is below potential clinical relevance.  In addition, Adams (2006) did not find a statistically 

significant increase in total symptom severity (TSS) at 0.06 ppm ozone compared to filtered air.  Hence, 
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the observations at 0.06 ppm ozone by Adams (2006) were not statistically significant or clinically 

adverse according to ATS guidelines. 

 

 In conclusion, the use of appropriate, scientifically accepted statistics does not demonstrate that 

0.06 ppm ozone results in lung function decrements overall or in specific individuals at the extremes. 

 

  



 

G:\Projects\210153_Ozone\TextProc\c22811s.docx  5 Gradient
 

References 

Adams, WC. 2006. "Comparison of chamber 6.6-h exposures to 0.04-0.08 ppm ozone via square-wave 
and triangular profiles on pulmonary responses." Inhal. Toxicol. 18(2):127-136.  

 

Adams, WC. 2007. "Public Comment to CASAC Ozone Review Panel Teleconference." University of 
California, Davis, CA, 2p., March 5. 

 

Allen, G; Balmes, J; Gauderman, J; Henderson, R; Hopke, PK; Sheppar, L; Speizer, F; Suh, H. 2011. 
"Preliminary Individual Comments on the Ozone Reconsideration." 24p. February 14.  

 

American Thoracic Society (ATS). 2000. "What constitutes an adverse health effect of air pollution?" 
Am. J. Respir. Crit. Care Med. 161:665-673. 

 

Brown, JS. 2007. Memo to Ozone NAAQS Review Docket (OAR-2005-0172) re: The effects of ozone 
on lung function at 0.06 ppm in healthy adults. US EPA, National Center for Environmental Assessment 
(NCEA), 8p., June 14. 

 

Brown, JS; Bateson, TF; McDonnell, WF. 2008. "Effects of exposure to 0.06 ppm ozone on FEV1 in 
humans: A secondary analysis of existing data." Environ. Health Perspect. 116(8):1023-1026.  

 

Deason, D. 2007. Letter to US EPA, Air and Radiation Docket re: Comments on EPA's Proposed 
"National Ambient Air Quality Standards for Ozone," 72 Fed Reg. 37,818 (July 11, 2007). Exxon Mobil 
Corp., Houston, TX. Docket No. EPA-HQ-OAR-2005-0172. 154p., October 9.  

 

Gong, H; Wong, R; Sarma, R; Linn, W; Sullivan, E; Shamoo, D; Anderson, K; Prasad, S. 1997. 
"Cardiovascular effects of ozone exposure in human volunteers." Amer. J. Crit. Care Med. 158:538-546.  

 

Gong, H; Linn, W; Terrel, S; Anderson, K; Clark, K; Sioutas, C; Casio, W; Alexis, N; Devlin, R. 2004. 
"Exposure of elderly volunteers with and without chronic obstructive pulmonary disease to concentrated 
ambient fine particulate pollution." Inhalation Toxicol. 16:731-744.  

 

Goodman, JE; Dodge, DG; Bailey, LA. 2010. "A framework for assessing causality and adverse effects in 
humans with a case study of sulfur dioxide." Regul. Toxicol. Pharmacol. 58:308-322. 

 

Goodman, JE. 2011. "Comments to the CASAC Ozone Review Panel for the Reconsideration of the 2008 
NAAQS." Gradient, Cambridge, MA. Report to American Petroleum Institute. 13p., February 7. 

 

Liu, L; Leech, J; Urch, B; Poon, R; Zimmerman, B; Kubay, J; Silverman, F. 1999. "A comparison of 
biomarkers of ozone exposure in human plasma, nasal lavage, and sputum." Inhalation Toxicol. 11:657-
674. 

 

McDonnell, WF; Muller, KE; Bromberg, PA; Shy, CM. 1993. "Predictors of individual differences in 
acute response to ozone exposure." Am. Rev. Respir. Dis. 147:818-825. 

 

McDonnell, WF; Stewart, PW; Andreoni, S; Seal, E; Kehrl, HR; Horstman, DH; Folinsbee, LJ; Smith, 
MV. 1997. "Prediction of ozone-induced FEV1 changes: Effects of concentration, duration, and 
ventilation." Am. J. Respir. Crit. Care Med. 156(3):715-722. 

 



 

G:\Projects\210153_Ozone\TextProc\c22811s.docx  6 Gradient
 

Pellegrino, R; Viegi, G; Brusasco, V; Crapo, RO; Burgos, F; Casaburi, R; Coates, A; van der Grinten, 
CP; Gustafsson, P; Hankinson, J; Jensen, R; Johnson, DC; MacIntyre, N; McKay, R; Miller, MR; 
Navajas, D; Pedersen, OF; Wanger, J. 2005. "Interpretative strategies for lung function tests." Eur. 
Respir. J. 26(5):948-968. 

 

Torres, A; Utell, M; Morrow, P; Voter, K; Whitin, J; Cox, C; Looney, R; Speers, D; Tsai, Y; Frampton, 
M. 1997. "Airway inflammation in smokers and nonsmokers with varying responsiveness to ozone." Am. 
J Respir. Crit. Care Med. 156(3):728-736.   

 

 
 
 


