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The EPA’s Fine Particulate Matter (PM 2.5) Standards,
Lung Disease, and Mortality:
A Failure in Epidemiology

by Jerome C. Arnett, Jr.

EXECUTIVE SUMMARY

Congress passed the Clean Air Act of 1970 based on the belief that reducing air pollution levels saves lives and
improves health. The Act mandated the Environmental Protection Agency (EPA) to base its regulatory policies
on good science. In 1997, EPA promulgated standards for fine particulate matter that were the most stringent
and expensive in the agency’s 35-year history. The standards were widely criticized, and even EPA’s own
science advisory committee did not endorse them. Instead of preventing 20,000 deaths and saving $69 to $144
billion a year at a cost of $6.3 billion (for partial attainment), as claimed, the standards have cost at least $70
billion a year to implement, eliminated hundreds of thousands of jobs a year, and likely have cost lives (because
of the huge cost) without providing any public health benefit.

One reason for this failure of public policy lies with the epidemiological environmental studies used.
Two large studies served as the scientific basis for the standards promulgated—the 1993 Harvard Six Cities
Study and the 1995 American Cancer Society Study. These and other studies showed only a weak association
between exposure and disease or death—an increased relative risk of 1.26 and 1.17 respectively—and yielded
several discrepant results.

Epidemiology is the study of health in populations. With air pollution studies, as a practical matter,
exposure is estimated at the group level, while health outcomes are measured at the individual level. In
addition, observational epidemiological studies, unless they show overwhelmingly strong associations—on
the order of an increased relative risk of 3.0 or 4.0—do not indicate causation because of the inherent
systematic errors that can overwhelm the weak associations found. These errors include confounding factors,
methodological weaknesses, statistical model inconsistencies, and at least 56 different biases.

In order to show causation, environmental epidemiological studies showing strong associations must
be accompanied by experimental animal toxicologic studies that provide evidence for a plausible biological
mechanism. But dozens of such animal studies performed over the past 30 years all have been negative.

The introduction of causal assumptions into observational epidemiological studies that show only weak
statistical associations is a problem that has been recognized for many years, and has been well documented in
the literature. Since this process bypasses the scientific method, it has been labeled “statistical malpractice.” In
addition, the improper use of science to promote political agendas is rightly considered unethical.

EPA’s PM2.5 regulations are a tragic failure of public policy that are shown to have no basis in science
and thus are not saving lives or preventing illness. Instead they are imposing billions of dollars of net cost each
year on the American people.
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Introduction

Emphysema, or chronic obstructive pulmonary disease (COPD),
is a chronic lung disease that is responsible for 8 million doctors’ office
visits, 726,000 hospital admissions, and 119,000 deaths annually. It was
the fourth leading cause of death in 1997, and it costs over $32 billion each
year.!? Worldwide its prevalence and resulting mortality are increasing,
largely because of cigarette smoking, which is its leading cause.’

But over the last several decades, air pollution has become The standards were
suspect.* Air pollution is a complex mixture of particulate matter (PM) criticized by many o f
and gaseous co-pollutants, primarily ozone (O,), carbon monoxide EPA’s own science
(CO), nitrous oxide (NO,) and sulfur dioxide (SO,). The most important
component of PM is the fine particulate matter (PM2.5) that penetrates advisers as soon as
deep into the lungs. It.originates largely from the combust'ion of fossil th ey were propose d and
fuels. The sulfate fraction of PM2.5 is formed by the reaction of the
gaseous co-pollutant, sulfur dioxide, with ammonium in the atmosphere, to before the final rule was

form the sulfate particulates. publ ished.

A large number of epidemiologic studies worldwide have identified
particulate matter (PM) air pollution as a cause of excess illness, and of
thousands of premature deaths per year.” The World Health Organization
has estimated that 800,000 deaths a year worldwide are attributable to it.°

The belief that reducing air pollution levels would save lives led
the U.S. Congress to pass the Clean Air Act of 1970. Amended in 1977
and in 1990, it has six “Titles” or sections spanning hundreds of pages
to implement the legal requirements, and tens of thousands of pages of
“guidance” documents explaining the regulations.

In 1997, the U.S. Environmental Protection Agency (EPA)
promulgated standards for acceptable levels of atmospheric fine particulate
matter. It estimated that costs for “partial attainment” of the standards
would be $6.3 billion per year. It predicted that keeping levels at or below
the standard would prevent 20,000 deaths per year, improve or prevent
respiratory symptoms in hundreds of thousands of other citizens, and save
between $69 and $144 billion a year.”

The standards were based on environmental epidemiologic studies
from the nation’s best schools of public health. These standards were
published in prestigious medical and health journals. But the standards
were criticized by many of EPA’s own science advisers as soon as they
were proposed and before the final rule was published.® They were so
controversial that even the EPA’s own advisory committee did not endorse
them.’

Some studies have concluded that the standards, although they
were the most stringent and expensive in the EPA’s 35-year history, instead
of providing significant benefits to society, are likely to have cost money
and lives. One analysis found that the benefits are likely to be only $2 to
$40 billion per year, while the cost is likely to be $70 to $150 billion a
year, with hundreds of thousands of jobs eliminated.'® According to one
estimate, each $15 million in additional regulatory costs results in one
additional induced death." The EPA this year has proposed an additional
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Epidemiologic studies
used by the EPA are not
suitable for determining
causation, since they
are unable to control for
their inherent systematic
errors

reduction of its 24-hour | PM2.5 standard, from 65 micrograms per cubic
meter (ug/m?) to 35ug/m?3."? This will mean even greater costs to the
American people without any corresponding public health benefit.

This paper examines the reasons for this failure of public policy.
It begins by explaining how the scientific method works. Next, it briefly
reviews the environmental studies that were used by the EPA, notes the
weak statistical associations they reported between exposure and death,
and lists some of their discrepant results.

It order to provide a background in pulmonary physiology, it
describes the development and anatomy of the normal lung, as well as the
changes found when emphysema occurs, and it reviews the known risk
factors for the development of the disease. It explains the importance of
animal toxicologic studies and points out the negative findings from these
studies, which means that no plausible biological mechanism has been
found to explain how PM2.5 could cause emphysema or death.

It then shows that the epidemiologic studies used by the EPA are
not suitable for determining causation, since they are unable to control
for their inherent systematic errors—such as confounding factors, biases,
methodological weaknesses, and statistical model inconsistencies.
Finally, the paper discusses the improper introduction of causal
assumptions into observational epidemiologic studies, explains how this
bypasses the scientific method, and notes that this misuse of statistics has
been documented in the literature for many years.

The Scientific Method

The idea that reducing the concentration of air pollutants might
save lives is based on ideas first proposed by the 16" century physician
Paracelsus, who rejected alchemy and introduced chemistry to medicine.
He observed that the toxic effects on humans from poisonous plants and
animals were due to specific chemicals and that our response to these
chemicals depended, in part, on the dose of the chemical received. In
1620, Sir Francis Bacon proposed methods of generating and testing
hypotheses that eventually became known as the scientific method.

The scientific method is the basic tool of science that has allowed
us to discover universal laws governing the world around us. In order to
organize or explain data, scientists develop hypotheses, which are tested
by gathering appropriate data. If a hypothesis is found to be consistent
with the available data and to predict the results of validation tests, it then
becomes a “theory”—the best known explanation of any phenomenon. If
the theory is confirmed by additional testing, it becomes scientific fact, or
“law.”

The scientific method, for example, uses the Henle-Koch criteria
to confirm that a specific microorganism causes a specific disease that has
been observed in an animal. These four criteria are:

1. The organism in question should be shown to be present in all
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cases of affected animals, but be absent in healthy animals;

2. The organism should be isolated from the diseased animal and
grown in a lab culture;

3. The organism grown in the lab should cause the same disease
seen in the original animal when inoculated into a healthy
laboratory animal; and,

4. The organism should be re-isolated in pure culture from the
experimentally infected animal.

If these criteria are met, then the hypothesis—that the organism
in question causes the disease seen in that animal—has been proven
scientifically. But if any of the four criteria is not confirmed, the
hypothesis cannot be used to explain the observation.

In medical research using the scientific method, the randomized
clinical trial is the gold standard.”® Subjects are assigned at random to test
and control groups, the test group is exposed to the risk factor in question,
and both groups are followed over time to learn the result.

Environmental PM2.5 Studies Used by EPA

Randomized clinical trials of the health effects of air pollution
would be unethical and would, in any case, be too expensive and
impractical for studying environmental risk factors. Hundreds of
thousands of individuals would need to be followed over many years
to find the few subjects that become ill. Instead, government agencies
such as EPA have relied on the much quicker and cheaper observational
epidemiologic studies. Dozens of these studies have been published. They
show only extremely weak statistical associations, or correlations, between
increased levels of PM2.5 and disease or death. None has found a genuine
causal relationship.'* However, nearly all have implied or asserted
that the weak association does imply causation, bypassing the scientific
method. That many of their findings are contradictory is not surprising. A
few of these findings will be reviewed here. Other examples can be found
elsewhere.'>!”

The EPA’s 1997 PM2.5 standards were based primarily on findings
from two large studies; the 1993 Harvard Six Cities Study (HSC),?° and
the 1995 American Cancer Society Study (ACS I).?! The HSC study
followed 8,111 subjects between 1974 and 1991. It reported that the
mortality rate was 26 percent higher in the city with the highest, compared
with that with the lowest, level of air pollution. Confusing association
with causation, the authors improperly concluded, “fine particulate
air pollution...contributes to excess mortality in certain U.S. cities.”
Moreover, for one group, subjects with more than a high-school education,
it found no association of PM2.5 exposure with mortality and found a
slight decrease in mortality due to respiratory disease. *

The much larger ACS I study compared PM2.5 levels with
mortality in more than 500,000 people from 151 U.S. metropolitan areas

These studies show

only extremely weak
Statistical associations,
or correlations, between
increased levels of
PM?2.5 and disease

or death. None has
found a genuine causal
relationship.
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between 1982 and 1989. It found a statistically significant increase in
all-cause mortality of 17 percent for PM2.5 and 15 percent for sulfate, in
the most polluted compared with the least polluted cities. Surprisingly,
lung cancer mortality was associated with exposure to increased sulfate
but not to PM2.5. However, the study used limited risk factor data since
health information was obtained only once, at entry into the study in
1982, and it considered only a few of the 300 known risk factors that have
been associated with cardiovascular disease. None of the data obtained
was verified by review of medical records or by other means. Confusing
association with increased risk, the authors concluded: “Increased
mortality is associated with sulfate and fine particulate air pollution

at levels commonly found in U.S. cities. The increase in risk is not
attributable to tobacco smoking, although other unmeasured correlates of
pollution cannot be excluded with certainty.”

Two re-analyses of the ACS I study were published after
enactment of the EPA regulations, both of which included authors from
the original studies. The Health Effects Institute (HEI), a research
institute funded both by the EPA and by private industry, in 2000
reanalyzed both the HSC and ACS I studies.”® Surprisingly, the HEI study
found that the pollutant most strongly associated with all cause mortality
in the ACS I study was not PM2.5 or sulfate, but the gaseous co-pollutant
sulfur dioxide. And when sulfur dioxide was added to the statistical
model containing either PM2.5 or sulfate, the association of both with
mortality became statistically insignificant. 2*

Applying another statistical model to the HSC data, the HEI study
factored in migration into and out of cities and found that the PM2.5
mortality became statistically insignificant. This is surprising since those
who remain behind are likely less healthy and would be expected to suffer
greater mortality from the air pollution. In addition, HEI found that the
PM2.5 association with all-cause mortality was true only for those with
less than a high school education. The authors, confusing association with
causation, concluded that the “increased relative risk” of mortality “may
be attributed to more than one component of the complex mix of ambient
air pollutants in urban areas in the United States.”

The second reanalysis by the American Cancer Society (ACS 1)
was published in 2002 and studied the same population from ACS I, but
extended the follow-up period from 1982 to 1998. It reported that each
increase of 10 ug/m?® of PM2.5—between the city with highest and that
with the lowest pollution level—was associated with mortality increases
of 4 percent for all-cause, 6 percent for cardiopulmonary, and 8 percent
for lung cancer.” For some reason, sulfur dioxide was not considered. In
their conclusion, the authors confused association with causation, stating:
“Long-term exposure to combustion-related fine particulate air pollution
is an important environmental risk factor for cardiopulmonary and lung
cancer mortality.” 2

A number of other studies have reported negative findings.?®* One
example is the large 2000 Veterans Study of 50,000 male veterans, all of
whom had been diagnosed with hypertension.*® That study group should
have been more susceptible than the general population to the effects of
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PM2.5. The researchers reported increased mortality of these patients
from their hypertension—as expected—but the overall group demonstrated
a statistically significant decrease in mortality associated with PM2.5
exposure.

The same types of findings and the same mistaken conclusions
are found in studies of other environmental pollutants, including sulfur
dioxide, ozone, and nitrogen dioxide.’'-** All of these paradoxical results
strongly suggest that air pollution alone does not explain the findings.

Normal Lung Development and Changes Caused by
Emphysema

The lung increases in size from birth until it reaches peak function
at around the age of 20 years. Thereafter, its function slowly declines with
age. The 300 million air sacs, or alveolae, in the lung, each surrounded by
small blood vessels, expand to accept the oxygen-containing air inhaled
through the mouth and delivered to them by the tubes, or bronchi, to
which the air sacs are connected. The oxygen is then transferred to the
hemoglobin of the red blood cells in the blood stream, and subsequently is
circulated to all the body’s tissues by the cardiovascular system.

Our current understanding is that when emphysema develops,
unknown physiological factors interact with environmental exposures to
cause the normal, slow decline in lung function over time to accelerate.
Some of the air sacs are destroyed, and those remaining are damaged
and cannot expand adequately to accept the inhaled air, so that stale
air is trapped. And the tubes leading to the air sacs become narrowed,
impeding the movement of air in and out of the lungs. This makes it more
difficult for the patient to remove foreign particles or lung secretions by
coughing. Along with these chronic structural changes the normal repair
mechanisms, which help restore lung function when the lung has been
injured, are impaired.

These physical changes all have been induced in experimental
animal studies by exposure to toxic concentrations of inhaled foreign
particles such as cigarette smoke, sand, dust, or chemicals—but not
PM2.5.

Acute episodes of lung infection (exacerbations) worsen the
symptoms of emphysema and are accompanied by increased inflammatory
cells in the airways, but the role of these exacerbations in the long-term
progression of the disease is uncertain.

Risk Factors for Emphysema

The recognition of risk factors for a disease is important to
facilitate its prevention. At present, since cigarette smoking is responsible
for up to 80 percent of the cases, decreasing the incidence of cigarette
smoking is the most effective strategy to prevent emphysema.* Cigarette
smoking doubles or triples the rate of progression of the disease and is
responsible for up to a 20-fold increase in the death rate.*® 7 However,

Acute episodes

of lung infection
(exacerbations)
worsen the symptoms
of emphysema and
are accompanied by
increased inflammatory
cells in the airways,
but the role of these
exacerbations in the
long-term progression
of the disease is
uncertain.
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No form of
environmental PM,
other than viruses,
bacteria, and
biochemical antigens,
has been shown either
experimentally or
clinically to cause
disease or death at
concentrations close to
U.S. ambient levels.

since only 15 percent of smokers develop emphysema, other factors must
play an important role.*®

The most significant of these, undoubtedly, is genetic. Certain
genes likely control cellular enzymes and other factors that lead to tissue
destruction. The improper regulation of these destructive factors by
defective genes may lead to the development of disease. Other genes act
to protect the lungs from destructive processes. For example, researchers
recently have identified a gene in mice that protects the lungs from the
harmful effects of tobacco smoke and, by suppressing this gene, have
increased the degree of inflammation produced by exposing the animals to
cigarette smoke.*

Less commonly known causes of emphysema are intense or
prolonged exposure to occupational dusts and chemicals, such as those
that occur with sand blasting or coal mining, and the exposure to allergens
seen with agricultural workers. Other factors that may be associated, but
whose causative role is unclear, include:

1. repeated acute lung infections, such as acute bronchitis or
pneumonia;

2. exposure to environmental dust or other air pollution;

a deficiency of antioxidant vitamins, such as vitamins C
and E; and

4. nutritional factors.

Animal Toxicologic Studies

No form of environmental PM, other than viruses, bacteria, and
biochemical antigens, has been shown either experimentally or clinically
to cause disease or death at concentrations close to U.S. ambient levels—
even though hundreds of researchers have tried for years to demonstrate
this. When environmental epidemiologic studies are used to show
causation, two criteria are required: 1) a strong association between the
disease and a risk factor (which means at least a two-fold increase in risk);
and 2) a plausible biological mechanism. Animal toxicologic studies can
provide the evidence for the latter.

An important principle of toxicology is that the dose makes the
poison. If exposure to ambient particulate matter air pollution sickens or
kills people, acute

exposure to concentrated ambient particulate matter (CAP) should sicken
or kill lab

animals. Several animal species have been used in these studies,
including mice, rats, guinea pigs, cats, and monkeys. A device that
concentrates the pollutant 30 to 50 times greater than its level in ambient
outdoor air delivers the CAP to the animal.

Dozens of these animal toxicologic studies over the past 30 years
have searched for a biological mechanism, but none has supported the
hypothesis that ambient PM2.5 air pollution, in the concentrations found
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in the U.S., causes lung disease. Studies using animals with diseases such
as asthma, bronchitis, cardiopulmonary disease, and even old age—that
should make them even more susceptible to the CAP—have produced
only slight effects, all of which were reversible within one day.* For
example, exposing asthmatic mice to CAP for three days did not worsen
their disease 24 or 48 hours after exposure, while exposing rats with
cardiopulmonary disease to CAP produced a change in inflammatory cells
that reverted to normal 24 hours after exposure.

In summary, none of the experimental animal studies has found any
plausible biological mechanism to support the hypothesis that exposure to
ambient atmospheric PM2.5 produces or significantly aggravates disease
or causes death.

Types Of Epidemiologic Studies and their Limitations

Epidemiology is the study of health in populations.*!
Epidemiologists collect data with poorly controlled observational
studies and evaluate it using statistical models. These observational
studies are best used to discover the patterns of disease that occur in
human populations.* For example, they can find unexpectedly high
rates of rare diseases such as lung cancer in cigarette smokers. They are
not appropriate for the study of weak associations among the general
population where a small effect must be differentiated from no effect
at all, or where a small risk must be identified in the presence of strong
confounding factors.

Four types of epidemiologic studies are available. They are—in
descending order of reliability—randomized clinical trials, cohort studies,
case control studies, and ecologic studies. Each type has a particular
utility, but all search for a statistical association between an exposure of
interest and a particular disease. The reliability of each depends on its
level of control over the study data.

Randomized clinical trials, cohort studies, and case control studies
all use data collected about individual study subjects. The most reliable
is the randomized clinical trial because random assignment of subjects to
test and control groups inherently controls for all effects other than those
of the drug or toxin under study. The other three are merely observational
in nature and cannot control for the confounding effects of exposure
to unknown substances. This means that the researcher needs to sort
out the effect of the exposure of interest—in this case one or more air
pollutants—from the known and unknown, measured and unmeasured,
effects of all other factors that impact the health of the subjects.

In the second type, the cohort study, the researcher identifies a
group of subjects, obtains relevant information about them, and follows
them over time.

The third type, the case-control study, is a kind of cohort study in
reverse. It retrospectively studies subjects who already have the disease of
interest, and aims to identify a history of exposure to the agent of interest.

None of the
experimental animal
studies has found any
plausible biological
mechanism to support
the hypothesis
that exposure to
ambient atmospheric
PM2.5 produces or
significantly aggravates
disease or causes death.
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Fancy mathematical
techniques are
misleading because they
purport to address data
weaknesses that they
cannot correct.

The fourth type, the ecologic study design, is the least reliable
type and only should be used to develop ideas for further research. Its
problems have been recognized for decades.*** Instead of measuring
data collected on individuals, it measures only data collected about
populations. Both the level of exposure and the health effects are
measured at the group level, so the study cannot identify who was
exposed to what. It makes the mistake of misapplying group data to
individual instances, a problem known as the “ecological fallacy.” -+

That an association is statistically significant means only that the
association found is not likely to be due to random variation in the data.
In the meantime, systematic errors that can overwhelm the association
are ignored. These can include confounding factors, at least 56 different
biases, methodological weaknesses, and model inconsistencies.*-’
Confounding factors are the single most important problem and include
hidden variables such as population shifts, lifestyle changes, unrecognized
past history of exposure, unrecognized exposure to co-pollutant(s), and
unrecognized health risk factors unrelated to air pollution.

The biases include problems inherent with the study designs
themselves, such as the proper choice of controls in a case-control study
or inadvertent interviewer bias. By far the most important bias occurs
when exposure to a particular risk factor is assessed. The presence of
the pollutant does not necessarily mean that exposure has occurred, and
exposure does not equal toxicity. For example, the subjects studied may
have several pounds of salt in their homes but have little exposure to it.
Even if they consume relatively large amounts in their diet, this will not
be causative if the disease studied is lung cancer rather than hypertension.

Ever more sophisticated statistical techniques are introduced
into these epidemiologic studies, but they cannot compensate for the
limitations of the data. These fancy mathematical techniques are
misleading because they purport to address data weaknesses that they
cannot correct. *®

The necessarily poor design of epidemiologic studies means that
finding a relative risk of less than 3 or 4 (a 200 percent increased risk)
probably is not representative of a real causal link but instead is a result
of bias in the data and in the methods used to analyze it.**! The National
Cancer Institute has recognized this, and the director of drug evaluation
at the Food and Drug Administration once stated, “My basic rule is, if the
relative risk isn’t at least 3 or 4, forget it.” *>%

Despite the claims of some studies to be cohort—such as the HSC
and ACS I studies—all of the environmental studies of PM2.5 have been
semi-ecologic because air pollution exposure can, as a practical matter,
be measured only at the group level via fixed regional monitoring sites.
In other words, health outcomes have been measured at the individual
level, but pollution exposure has been estimated only at the group level.
As noted above, implying causal association at the group level cannot
indicate the cause of disease in individual subjects.

10
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From Association to Causation or Science by Sleight-of-Hand

Cost-effective public policy cannot be promulgated—and disease
cannot be prevented—without accurate knowledge of the causes of
disease, which scientists determine by using the scientific method to test
hypotheses.® The scientist first establishes a specific association between
the suspected cause and the disease. Then a tightly controlled experiment
is performed to determine whether the association in question has

identified a necessary cause. Risk fCl ctor
H th ti | i i iologist t . .
owever, the observational studies used by epidemiologists canno epi demiolo 27, b i

test hypotheses and cannot prove causation.®® For example, many dozens ) L
of studies over more than 30 years have examined the association of coffee equating statistics
drinking with coronary heart disease, and with cancers of .the bladder, with science, expan ds
pancreas, breast, colon, rectum, and ovary.®’ Coffee drinking even has been L .
proposed as a risk factor for hip fractures.®® Increased dietary fat intake has S tatistics b ey ond its
been associated with breast cancer in women, and electromagnetic field ]egi timate use and
exposure with different types of cancer. But none of these epidemiologic
studies has been able to show that the associations are causal.

improperly applies
The introduction of causal assumptions into studies that show it to the i mperatives
only weak associations has been described as “risk factor” or “black Of health pol icy and
box” epidemiology. The “black box™ links the exposure and the disease
in a causal sequence. " 7' Since this bypasses the procedures necessary

to scientifically demonstrate a causal link, it is “performing science by
sleight-of-hand.” ™ It also has been labeled “statistical malpractice.”

management.

Statistics is a tool of science. But risk factor epidemiology, by
equating statistics with science, expands statistics beyond its legitimate
use and improperly applies it to the imperatives of health policy and
management. An example of this is the last sentence of the discussion
section of the HSC study: “This study, therefore, provides added impetus
to the development of strategies to reduce urban air pollution.”

The misuse of studies to promote political agendas has been recognized for
years and is documented in the literature.” Not only is it improper science,
but insofar as the proponents claim the authority of science for their
preferred policies, it is unethical as well. ™

The Office of Management and Budget (OMB) reports that the
45 major rules it reviewed during 1994-2004 generated estimated annual
benefits of $68.1 billion to $259.6 billion, with estimated costs of $34.8
billion to $39.4 billion.” This suggests that federal regulation is a good
investment of public and private resources. However, to arrive at those
figures, OMB simply aggregated or compiled various agency estimates;
it neither reviewed nor endorsed all the varied methodologies agencies
use to derive cost and benefit estimates.”” Moreover, of the $68.1 billion to
$259.6 billion in estimated regulatory benefits, anywhere from 71 percent
to 77 percent—3$48.8 billion to $215.6 billion—come from EPA benefit
estimates of its regulation of a single pollutant: fine particulate matter.
As OMB acknowledges, EPA’s benefit estimates are subject to a “large”
degree of “scientific uncertainty.”’®

Not only was EPA’s prediction of the annual benefits from its
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The idea that human
lives will be saved
by reductions in
contemporary PM2.5
air pollution has been
shown to have no basis
in science.

PM2.5 standard flawed, its estimate of avoided premature deaths is not
known to have any basis in reality.” Instead of billions of dollars and
thousands of lives per year saved, the standard likely has imposed an
annual net cost to the American people of billions of dollars and hundreds
of thousands of jobs lost.

The potential danger from the misuse of statistics was recognized
many years before EPA was created. Especially with regard to the
agency’s PM2.5 standards, the prediction that “there may be greater
danger to the public welfare from statistical dishonesty than from almost
any other form of dishonesty” has proven prescient. %

Conclusion

Congress mandated that EPA base its regulatory policies on good
science. But the idea that human lives will be saved by reductions in
contemporary PM2.5 air pollution has been shown to have no basis in
science. No biologic mechanism has been found to explain how the lungs
might be damaged. The epidemiologic studies used to justify the agency’s
PM2.5 standard have failed to show that air pollution causes disease or
death. Instead of supporting causation, their weak associations likely
are fortuitous and simply represent normal variation or methodological
artifacts and biases.

The present paper calls into question more than just the scientific
basis for EPA’s PM2.5 standard. If PM2.5 is not killing people, then the
EPA is not improving public health or saving lives, but instead is imposing
billions of dollars of net costs each year on the American people.

The author would like to thank Joel Schwartz and Marlo Lewis, Jr. for
editorial assistance.

12

Arnett: The EPA’s Fine Particulate Matter (PM 2.5) Standards






Notes

! Mannino DM, Homa DM, et al. “Chronic Obstructive Pulmonary Disease

Surveillance in the United States, 1971-2000.” MMWR Surveillance Summary 2002; 51:1.

2 National Heart, Lung, and Blood Institute. Morbidity and Mortality: 2002. Chart Bank on Cardiovascular Lung, and Blood
Diseases. Bethesda, MD, National Heart, Lung, and Blood Institute, 2002.

3 Manuto DB. “Epidemiology and Global Impact of COPD.” Seminars in

Respiratory and Critical Care Medicine: COPD. 2005;26(2):204-210.

4 Brook RD, Franklin B, et al. “Air Pollution and Cardiovascular Disease:

Statement for Healthcare Professionals From the Expert Panel on Population and Prevention Science of the American Heart
Association.” Circulation. 2004;109(21):2655-71.

SGreen LC, Armstrong SR. “Particulate Matter in Ambient Air and Mortality: Toxicologic Perspectives.” Reg Toxicol Pharm.
2003;38:326-35.

¢ World Health Organization. World Health Report 2002. Geneva: World Health Organization:2002. Available at: http:www.who.int/
whr/2002/3n/. Accessed March 12, 2005.

7 Smith AE, North DW, et al. “Costs and Benefits of Ozone and PM2.5 NAAQS.” Reason Public Policy Institute. Policy Study No.,
226, June 1997.

8 Jones K, Gough M, Van Doren P. “Is EPA Misleading the Public About the Health Risks From PM2.5: An Analysis of the Science
Behind EPA’s PM2.5 Standard, Addendum.” Citizens for a Sound Economy Foundation, May 12, 1997.

° Available at http://www.epa.gov/oar/docket.html, docket #A-95-54.

10 Smith AE, North DW, et al. p. 2.

I Lutter R, Morrel JF, Viscusi WK. “The Cost-per-life Saved: Cutoff for Safety-enhancing Regulations.” Economic Inquiry.
1999;3:599-608.

12 available at http://www.epa.gov/ttn/naaqs/standards/pm/s_pm_index.html.

13 Feinstein AR. “Epidemiologic Analysis of Causation: the Unlearned Scientific Lessons of Randomized Trials.” J Clin Epidemiol.
1989;42:481-89.

4 Taubes G, Mann CC. “Epidemiology Faces Its Limits.” Science. 1995;269:164-68.

15 Green LC, Crouch EAC, et al. “What’s Wrong With the National Ambient Air Quality Standard (NAAQS) For Fine Particulate
Matter (PM2.5)?” Regul Toxicol Pharm.2002;35:327-37.

16 Lipfert FW, Wyzga RE. “Air Pollution and Mortality: the Implications of Uncertainties in Regression Modeling and Exposure
Measurement. J Air Waste Manag Assoc. 1997;47:517-23.

17 Schwartz J. “Particulate Air Pollution: Weighing the Risks.” Competitive Enterprise Institute, August 2003.

18 Koop G, Tole L. “Measuring the Health Effects of Air Pollution: to What Extent Can We Really Say That People Are Dying From
Bad Air?” J Environ Econ Manag. 2004;47:30-54.

1 Moolgavkar SH. “A Review and Critique of the EPA’s Rationale for a Fine Particle Standard.” Regul Toxicol Pharmacol.
2005;42:123-44.

2 Dockery DW, Pope CA, et al. “An Association Between Air Pollution and Mortality in Six U.S. Cities.” N Engl J Med.
1993;329:1753-59.

2 Pope CA, Thun MJ, et al. “Particulate Air Pollution as a Predictor of Mortality in a Prospective Study of U.S. Adults.” A4m J Respir
Crit Care Med. 1995;151(pt 1):669-74.

22 Dockery DW, Pope CA et al. p 1753.

2 Krewski D, Burnett, RT, et al. 2000. “Reanalysis of the Harvard Six Cities study and the American Cancer Society study of
particulate air pollution and mortality. A special report of the Institute’s Particle Epidemiology Reanalysis Project.” Cambridge MA:
Health Effects Institute.

2 Moolgavkar SH. “Fine Particles and Mortality.” Inhalation Toxicology. 2006;18:93-94.

2 Pope CA, Burnett RT, et al. “Lung Cancer, Cardiopulmonary Mortality, and Long-term Exposure to Fine Particulate Air Pollution.”
JAMA. 2002;287:1132-41.

26 Ibid. p. 1132.

2T Lipfert FW, Wyzga RE. “Air Pollution and Mortality: Issues and Uncertainties.” J Air Waste Manag Assoc. 1995;45:949-66.

28 Lipfert FW, Morris SC. “Temporal and Spatial Relations Between Age Specific Mortality and Ambient Air Quality in the United
States: Regression Results for Counties, 1960-97.” Occup Environ Med. 2002;59:156-74.

2 Gamble JF. “PM.5 and Mortality in Long-term Prospective Cohort Studies: Cause-effect or Statistics?” Environ Health Perspectives.
1998;106:535-49.

30 Lipfert FW, Perry HM, et al. “The Washington University-EPRI Veterans’ Cohort Mortality Study: Preliminary Results.” Inhal
Toxicol. 2000;12 (Supp 4):41-73.

31 Katsouyanni K, Touloumi G, et al. “Short Term Effects of Ambient Sulphur Dioxide and Particulate Matter on Mortality in 12
European Cities: Results From Time Series Data From the APHEA Project.” BMJ 1997;314:1658-63.

32 Abbey DE, Nishino N, et al. “Long-term Inhalable Particles and Other Air Pollutants Related to Mortality in Nonsmokers.” Am J
Respir Crit Care Med. 1999;159:373-82.

33 Bell ML, McDermott A, et al. “Ozone and Short-term Mortality in 95 US Urban Communities, 1987-2000.” JAMA. 2004;292:2372-

14 Arnett: The EPA’s Fine Particulate Matter (PM 2.5) Standards




78.

3* Sarnat J, Brown KW, et al. “Ambient Gas Concentrations and Personal Particulate Matter Exposures: Implications for Studying the
Health Effects of Particles.” Epidemiology. 2005;16:385-95.

33 Tager IB, Speizer, FE. “Risk Estimates For Chronic Bronchitis in Smokers: a Study of Male-Female Differences.” Am Rev Respir
Dis. 1976;113:619-25.

¥ Xu X, Weiss St, et al. “Smoking, Changes in Smoking Habits, and Rate of Decline in FEV 1: New Insight Into Gender Differences.”
Eur Respir J. 1994;7:1056-61.

7 Doll R, Peto R. “Mortality in Relation to Smoking: 20 Years’ Observations on Male British Doctors.” Br Med J. 1976;2:1525.
% Barnes PJ. “Chronic Obstructive Pulmonary Disease.” N Eng J Med. 2000;343:269-80.

¥ Rangasamy T, Cho CY, et al. “Genetic Ablation of Nrf2 Enhances Susceptibility to Cigarette Smoke-induced Emphysema in Mice.”
J Clin Invest. 2004;114:1248-59.

40 Green LC, Armstrong SR. p. 331.

4l Last JM. A Dictionary of Epidemiology. Oxford University Pres, New York, 1988.

4 Lilienfeld DA, Stolley PP. Foundations of Epidemiology. 3" ed. NY, Oxford U. Press, 1994.

43 Last JM. A Dictionary of Epidemiology. Oxford University Press, New York, 1988.

4 Charlton BG. “The Scope and Nature of Epidemiology.” J Clin Epidemiol. 1996;49:623-26.

4 Pearce N. “The Ecological Fallacy Strikes Back.” J Epidemiol Community Health. 2000;54:326-27.

46 Blakely TA, Woodword AJ. “Ecological Effects in Multi-level Studies.” J Epidemiol Community Health. 2000;54:367-74

47 Charlton BG. “The Scope and Nature of Epidemiology.” p. 624.

48 Sackett DL. “Bias in Analytic Research.” J Chron Dis. 1979;32:51-63.

4 Mayes LC, Horwitz RI, Feinstein, AR. “A Collection of 56 Topics With Contradictory Results in Case-control Research.” Int J
Epidemiology. 1988;17:680-85.

% Feinstein AR.

> Moolgavkar SH, Luebeck EG. “A Critical Review of the Evidence on Particulate Air Pollution and Mortality.” Epidemiology.
1996;7:420-28.

32 Clyde M. "Model Uncertainty and Health Effect Studies For Particulate Matter.” Environmetrics. 2000;11:745-63.

3 Green LC, Armstrong SR. pp. 332-33.

3 McNamee R. “Confounding and Confounders.” Occupat Environ Med. 2003;60:227-234.

3 Lumley T, Sheppard L. “Time Series Analyses of Air Pollution and Health: Straining at Gnats and Swallowing Camels?”
Epidemiology. 2003;14:13-14.

¢ Charlton BG. “The Scope and Nature of Epidemiology.” p. 624.

7 Pearce N. p. 327.

38 Blakely TA, Woodword AJ. “Ecological Effects in Multi-level Studies.” J Epidemiol Community Health. 2000;54:367-74.

% Hill AB. “President’s Address: Observed Association to a Verdict of Causation: Upon What Basis Should We Proceed to Do So?”
Proc Royal Soc Med. 1968.

% Wynder EL. “Epidemiology Faces Its Limits.” Am J Epid. 1996; 747-49.

8! Taubes G, Mann CC. p. 167.

62 National Cancer Institute. “Abortion and Possible Risk For Breast Cancer: Analysis and Inconsistencies.”October 26, 1994.

% Taubes G, Mann CC. p. 167.

6 Charlton BG. “Attribution of Causation in Epidemiology: Chain or Mosaic?” J Clin Epidemiol. 1996;49:105-07.

% Charlton BG. “Statistical Malpractice.” J Royal Col Phys in London. 1996;30:112-14.

% Ibid. p. 112.

67 Skrabanek P. “The Emptiness of the Black Box.” Epidemiology. 1994;5:553-55.

% Kiel DP, Felson DT, et al. “Caffeine and the risk of hip fracture: the Framingham Study.” Am J Epidemiol. 1990;132:675-84.
8 Skrabanek P. “The Poverty of Epidemiology.” Persp Biol Med. 1992;35:182-85.

" Skrabanek P. “The Emptiness of the Black Box.” p. 553.

"t Skrabanek P. “The Epidemiology of Errors.” The Lancet. 1993;34:1502-03.

2 Charlton BG. “Statistical Malpractice.” p. 113.

7 Ibid. p. 112.

4 Skrabanek P, McCormick J. Follies and Fallacies in Medicine. Tarragon, Glasgow, Scotland, 1989.

75 Altman CG. “Statistics and Ethics in Medical Research. Misuse of Statistics is Unethical.” BMJ. 1980;281:1182-84.

6 Office of Management and Budget, 2005 Draft Report to Congress on the Costs and Benefits of Federal Regulation, p.3,
http://www.whitehouse.gov/omb/inforeg/2005 cb/draft 2005 cb report.pdf.

7 Ibid. pp. 6, 64.

8 Ibid. pp. 9-10.

" Green LC, Armstrong SR. p. 333.

80 Bailar JC. “Bailar’s Laws of Data Analysis.” Clin Pharmacol Ther. 1976;20:113-20.

Arnett: The EPA’s Fine Particulate Matter (PM 2.5) Standards 15



About the Author

Jerome Arnett, Jr. is a pulmonologist and writer who lives in Helvetia, West Virginia. He is a Diplomate of the
American Board of Internal Medicine in Internal Medicine and in Pulmonary Disease. He has been a Clini-
cal Assistant Professor of Medicine at the West Virginia University School of Medicine, where he has lectured
on the history of medicine. Dr. Arnett is a Fellow of the American College of Chest Physicians and has served
on its Ethics Committee. He currently serves on the editorial board of the Journal of American Physicians and
Surgeons, and has been published in The Wall Street Journal.

His interests include the effects of philosophy on popular culture, the misuse of medical ethics and its deleteri-
ous effects on health care and the patient-physician relationship, the misuse of science, the history of medicine,

and paleopathology, the study of ancient diseases.

He holds an M.D. from the West Virginia University School of Medicine.

16 Arnett: The EPA’s Fine Particulate Matter (PM 2.5) Standards



$8.00

The Competitive Enterprise Institute is a non-profit public policy organization ded-
icated to the principles of free enterprise and limited government. We believe that
consumers are best helped not by government regulation but by being allowed to
make their own choices in a free marketplace. Since its founding in 1984, CEI has
grown into an influential Washington institution.

We are nationally recognized as a leading voice on a broad range of regulatory
issues ranging from environmental laws to antitrust policy to regulatory risk. CEI is
not a traditional “think tank.” We frequently produce groundbreaking research on
regulatory issues, but our work does not stop there. It is not enough to simply iden-
tify and articulate solutions to public policy problems; it is also necessary to defend
and promote those solutions. For that reason, we are actively engaged in many
phases of the public policy debate.

We reach out to the public and the media to ensure that our ideas are heard, work
with policymakers to ensure that they are implemented and, when necessary, take
our arguments to court to ensure the law is upheld. This “full service approach” to
public policy makes us an effective and powerful force for economic freedom.

Competitive
Enterprise
Institute

1001 Connecticut Avenue, NW
Suite 1250

Washington, DC 20036
202-331-1010

Fax 202-331-0640
WWW.cei.org

Issue Analysis is a series of policy studies published by the Competitive Enterprise Institute. Nothing in Issue
Analysis should be construed as necessarily reflecting the views of CEI or as an attempt to aid or hinder the
passage of any bill before Congress. Contact CEI for reprint permission. Additional copies of Issue Analysis
may be purchased through CEI's publications department (pubs@cei.org or 202-331-1010).





