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THE SCIENCE AND RISK ASSESSMENT BE-
HIND EPA’S PROPOSED REVISIONS TO THE
PARTICULATE MATTER AIR QUALITY
STANDARDS

Wednesday, July 19, 2006

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The committee met, pursuant to notice, at 9 o’clock a.m. in room
628, Dirksen Senate Office Building, Hon. James Inhofe (chairman
of the committee) presiding.

Present: Senators Inhofe, Voinovich, Chafee, DeMint, Isakson,
Jeffords, Boxer, Carper, Clinton, and Lautenberg.

Senator INHOFE. Consistent with our policy of starting on time,
we will call this meeting to order.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

I would like to tell our members, since we have quite a number
of people here and of course we have the WRDA bill on the floor,
which T have to manage so I am not going to be able to stay very
long, we are going to try to keep everyone to about 3 minutes. I
think we put a notice out if we could encourage both sides to do
that, and then anyone who arrives after the conclusion of our open-
ing statements would have to just submit the statements for the
record, if that is acceptable.

I am managing the WRDA bill, along with my colleague Senator
Jeffords, on the floor so I am going to have to go down and prepare
for that and won’t be able to stay here very long. I am going to ask
that Senator Voinovich, who is kind of the master of all air issues
anyway, would handle chairing this committee.

Last week, the Air Subcommittee examined the impacts of tight-
ening particulate matter standards on our Nation. Although EPA
failed to analyze the regulatory impact on the Nation, these im-
pacts will be enormous. I was particularly struck by the testimony
of Harry Alford, president of the National Black Chamber of Com-
merce, who testified that the greatest health threat to minorities
is access to health care and a tightened standard which would
threaten the paychecks that cure that threat.

Today, we are examining the science underlying the particulate
matter review. The estimated risk today is less than it was esti-
mated in 1997 under Carol Browner when the current standard
was set. So while I feel EPA’s proposal to tighten the daily stand-
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ard to 35 micrograms is overly stringent, I am pleased EPA pro-
posed to retain the existing annual standard.

The rationale to tighten this standard is weak. The EPA cherry-
picked what studies it was relying on, downplaying many key stud-
ies that shed light on the health effect of particulate matter, some
of which are listed on this chart which is difficult even for me to
read this close. But anyway, these are the studies.

It also cherry-picked what information it provided to the Clean
Air Science Advisory Committee, an important document that seri-
ously skewed the review. A lot of times, CASAC is not given their
assigned task. CASAC, the Clean Air Scientific Advisory Com-
mittee, is one of a set of some 21 scientists that are supposed to
be giving advice and we are supposed to be listening to that advice.
They were never told by the EPA that the estimated risk from PM
exposure is now considered lower than the risk level estimated dur-
ing the last review.

EPA’s process for this review is also radically different from
every previous scientific assessment, calling into question the credi-
bility of the entire review. CASAC is supposed to review relevant
science and the public is supposed to provide input. This time, EPA
had a cutoff date of April, 2002 which meant that CASAC’s assess-
ment does not include almost 4 1/2 years of new studies. Only after
I asked EPA to collect the newer studies did it do so. Now, it plans
to issue a final rule without an opportunity for public review of
how it is assessing those studies.

Worse, the General Accounting Office report being released today
shows EPA has failed to follow the National Academy of Sciences
recommendations to examine the health effect associated with dif-
ferent kinds of particulates and to incorporate the range of particu-
late toxicity assumptions into its uncertainty analysis. If we don’t
know the types of particles causing the health effects, we can’t real-
ly accurately assess those.

The system that is in place today only considers the size of the
particulate matter. I think we all know that the health effects of
a molecule of asbestos is much more dangerous than would be a
molecule of dust. These things should be considered.

Senator JEFFORDS.

[The prepared statement of Senator Inhofe follows:]

STATEMENT OF HON. JAMES M. INHOFE, U.S. SENATOR FROM
THE STATE OF OKLAHOMA

Last week, the Air Subcommittee examined the impacts of tightening particulate
matter standards on our nation. Although EPA failed to analyze the regulatory im-
pact on the Nation, these impacts will be enormous. I was particularly struck by
the testimony of Harry Alford, President of the National Black Chamber of Com-
merce, who testified that the greatest health threat to minorities is access to health
care and a tightened standard would threaten the paychecks that cure that threat.

Today, we are examining the science underlying the particulate matter review.
The estimated risk today is less than what was estimated in 1997 under Carol
Browner when the current standard was set. So while I feel EPA’s proposal to tight-
en the daily standard to 35 micrograms is overly stringent, I am pleased EPA pro-
posed to retain the existing annual standard.

The rationale to tighten the standard is weak. EPA cherry-picked what studies
it relied on, downplaying many key studies that shed light on the health effect of
PM, some of which are listed on this chart.

It also cherry-picked what information it provided to the Clean Air Science Advi-
sory Committee in important documents, seriously skewing the review. For instance,
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CASAC was never told by EPA that the estimated risks from PM exposure is now
considered lower than the risk level estimated during the last review.

EPA’s process for this review is also radically different from every previous sci-
entific assessment, calling into question the credibility of the entire review. CASAC
is supposed to review relevant science and the public is supposed to provide input.
This time, EPA had a cut-off date of April 2002, which meant CASAC’s assessment
doesn’t include almost 4 1/2 years of new studies. Only after I asked EPA to collect
the newer studies did it do so, and now it plans to issue the final rule without an
opportunity for public review of how it is assessing those studies.

Worse, as the General Accountability Office report being released today shows,
EPA has failed to follow the National Academy of Science’s recommendations to ex-
amine the health effect associated with different kinds of particles and to incor-
porate a range of particle toxicity assumptions into its uncertainty analyses. If we
don’t know what types of particle cause health effects, we may well spend billions
of dollars on pollution controls while doing little to improve health.

Thank you.

Senator JEFFORDS. Mr. Chairman, thank you.

Senator INHOFE. Let me just repeat what we said earlier to our
new arrivals here. We are going to try to adhere to 3 minutes in
opening statements, and then cutoff statements after those who are
present have concluded.

Senator JEFFORDS.

OPENING STATEMENT OF HON. JAMES M. JEFFORDS,
U.S. SENATOR FROM THE STATE OF VERMONT

Senator JEFFORDS. Mr. Chairman, thank you for having this
hearing on the EPA’s proposed standards for particulate matter.
There is perhaps no more important environmental standard than
the national ambient air quality standard for particulate matter.
Tens of thousands of Americans die prematurely each year from
particulate matter.

The NAAQS are the cornerstone of the entire Clean Air Act.
Their fundamental purpose is to tell us when the air is safe to
breathe. For more than 30 years, these standards have been set
solely on health considerations, using the latest scientific evidence.
Congress specifically chose not to allow consideration of cost when
setting these standards.

Those who call for a cost-benefit analysis would have us set a
standard that fails to protect the health of all Americans. We can-
not afford the human costs of such an approach.

Consider this, if the cost-benefit analysis was used to set the
NAAQS and the compliance costs of the standards are estimated at
$1 billion, the EPA would be required to set a standard that would
allow up to $1 billion worth of people to die from air pollution. So
just how do we measure $1 billion in human life. Setting the
NAAQS in that way was unconscionable. Telling people their air is
safe to breathe when it is actually not safe is unacceptable public
policy.

We need to revise the existing standards set in 1997. Although
the EPA itself has recognized this fact, EPA’s proposal falls short
of what the scientific evidence requires. The Clean Air Scientific
Advisory Committee recommended the EPA revise both the annual
standard and the daily standard, but the EPA disregarded this ad-
vice, forcing the Scientific Advisory Committee to reconvene and re-
iterate its advice to the EPA.

The committee has made it clear that the EPA’s proposal for the
coarse particle standard was outside the bounds of scientific evi-
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dence. If the EPA were to listen to the advice of its science advi-
sors, tens of thousands of lives could be saved. The standard pro-
posed by the EPA would result in a 22 percent reduction in deaths.
Standards set within the range recommended by the Scientific Ad-
visory Committee would save up to 48 percent more lives.

Particulate matter kills more people than HIV/AIDS and more
people than drunk driving. It is a big killer and we need to reduce
it as soon as possible. That is what the science shows.

Thank you. I look forward to hearing from the witnesses.

[The prepared statement of Senator Jeffords follows:]

STATEMENT OF HON. JAMES M. JEFFORDS, U.S. SENATOR FROM
THE STATE OF VERMONT

Mr. Chairman, thank you for having this hearing on the EPA’s proposed stand-
ards for Particulate Matter.

There is perhaps no more important environmental standard than the National
Ambient Air Quality Standard for Particulate Matter. Tens of thousands of Ameri-
cans die prematurely each year from particulate matter.

The NAAAQS are the cornerstone of the entire Clean Air Act. Their fundamental
purpose is to tell us when the air is safe to breathe. For more than 30 years, these
standards have been set based solely on health considerations, using the latest sci-
entific evidence. Congress specifically chose to not allow consideration of costs when
setting these standards.

Those who call for a cost-benefit analysis would have us set a standard that fails
to protect the health of all Americans. We cannot afford the human cost of such an
approach.

Consider this: If cost benefit analysis is used to set the NAAAQS and the compli-
ance costs of a standard are estimated at $1 billion, the EPA would be required to
set a standard that would allow up to $1 billion worth of people to die from air pol-
lution. So just how do we measure $1 billion in human life? Setting the NAAAQS
in that way is unconscionable. Telling people their air is safe to breathe, when it
is actually not safe, is unacceptable public policy.

We need to revise the existing standard set in 1997. Although the EPA itself has
recognized that fact, the EPA’s proposal falls far short of what the scientific evi-
dence requires. The Clean Air Scientific Advisory Committee recommended that the
EPA revise both the annual standard and the daily standard. But the EPA dis-
regarded that advice, forcing the scientific advisory committee to reconvene and reit-
erate its advice to the EPA.

The Committee also made it clear that the EPA’s proposal for the coarse particle
standard was outside the bounds of the scientific evidence. If the EPA were to listen
to the advice of its science advisors, tens of thousands of lives could be saved.

The standard proposed by EPA would result in a 22 percent reduction in deaths,
but a standard set within the range recommended by the scientific advisory com-
mittee could save up to 48 percent more lives. Particulate matter kills more people
than HIV/AIDS and more people than drunk driving. It is a big killer and we need
to reduce it as soon as possible. That is what the science shows.

Thank you, and I look forward to hearing from our witnesses.

Senator INHOFE. Thank you, Senator Jeffords.
Senator VOINOVICH.

OPENING STATEMENT OF HON. GEORGE V. VOINOVICH,
U.S. SENATOR FROM THE STATE OF OHIO

Senator VOINOVICH. Thank you, Mr. Chairman. I appreciate the
fact that you bumped this hearing from my subcommittee to the
full committee. It shows how important this matter is. To sum up
last week’s hearing, we do not know the impact of revising the par-
ticulate matter standards, and let’s review what we do know.

We know that the air is significantly cleaner; that the EPA has
proposed to move the goal posts in the States as they implement
the current standards. We believe that the Agency is under-
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estimating the number of non-attainment counties. We know that
the current non-attainment designations threaten highway funding
and jobs and increase energy prices and that revised standards
would exacerbate the situation.

We also know this decision has a profound impact on the health
and well being of many, as the National Black Chamber of Com-
merce President Harry Alford stated, “The biggest health risk to
African Americans anywhere is poverty.” I will never forget when
Tom Mullen from the Catholic Charities came here several years
ago and testified that in setting ambient air standards and envi-
ronmental policy, that we should take into consideration its impact
on the poor and the elderly, and the Clean Air Trust named him
villain of the month because he had the audacity to raise the issue.

Today’s hearing focuses on the science and risk assessment be-
hind the standards. I make three points. First, according to the re-
cent proposal and risk assessment, we will hear today the EPA’s
estimates, the risk from exposure to fine particulate matter has de-
clined from the level of risk estimated in setting the last standards.

Second, the health benefits of EPA’s proposal are not fully under-
stood. A 2002 National Academy of Sciences report made 34 rec-
ommendations to improve our understanding of the estimation of
the public health benefits. According to GAO that we asked for,
EPA has fully implemented less than 25 percent of recommenda-
tions made back in 2002 by the National Academy of Sciences. For
example, the NAS, along with the Office of Management and Budg-
et and EPA’s Inspector General, has urged the Agency not to as-
sume that all fine particulate constituents have the same potency.
As stated in the IG’s report, otherwise some facilities may install
unneeded controls, while some needed controls may go uninstalled.
Ultimately, compliance may be further delayed and more costly.

Unfortunately, the EPA has largely not implemented the rec-
ommendations. The standards should not be revised until we have
adequate information that tells us with greater certainty the
health benefits and whether we are targeting the most harmful
constituents of particulate matter, especially considering the nega-
tive impacts on this country’s economy. Air quality will continue to
improve through implementation of the current standards and the
Federal clean air rules.

I know you want me to cut this short. I will just basically say,
Mr. Chairman, it is important that everyone understand that
science can only take us so far, but ultimately it is a policy decision
whether or not to change a standard. That is why the Clean Air
Act states the air quality standards are to be set in the judgment
of the Administrator. Given this judgment discretion, how can EPA
revise the particulate matter standards when the public health
benefit is not fully understood?

Thank you, Mr. Chairman.

[The prepared statement of Senator Voinovich follows:]

STATEMENT OF HON. GEORGE V. VOINOVICH, U.S. SENATOR FROM
THE STATE OF OHIO

Mr. Chairman, after our hearing in the subcommittee, I appreciate this important
issue being elevated to the full committee.

To sum up last week’s hearing, we do not know the impact of revising the particu-
late matter standards. Let’s review what we do know:
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e We know that the air is significantly cleaner and that EPA has proposed to
move the goal posts on States as they implement the current standards.

We believe that the Agency is underestimating the number of nonattainment
counties and that Federal clean air rules will only mitigate this problem.

e We know that the current nonattainment designations threaten highway fund-
ing and jobs and increase energy prices and that revised standards would exacer-
bate the situation.

e We also know that this decision has a profound impact on the health and well-
being of many, as National Black Chamber of Commerce President Harry Alford
stated: “the biggest health risk to African Americans anywhere is poverty.”

Today’s hearing focuses on the science and risk assessment behind the proposed
standards. I will make three points.

First, according to the recent proposal and risk assessment, we will hear today
that EPA’s estimate of the risk from exposure to fine particulate matter has de-
clined from the level of risk estimated in setting the 1997 standards.

Second, the health benefits of EPA’s proposal are not fully understood. A 2002 Na-
tional Academy of Sciences (NAS) report made 34 recommendations to improve our
understanding of the estimation of the public health benefits. According to the Gov-
ernment Accountability Office report that Chairman Inhofe and I requested, EPA
has fully implemented less than 25 percent of them.

For example, the NAS along with the Office of Management and Budget and
EPA’s Inspector General has urged the Agency not to assume that all fine particle
constituents have the same potency. As stated by the IG: “Otherwise, some facilities
may install unneeded controls, while some needed controls may go uninstalled; ulti-
mately, compliance may be further delayed and more costly.”

Unfortunately, EPA has largely not implemented the recommendations. The
standards should not be revised until we have adequate information that tells us
with greater certainty the health benefits and whether we are targeting the most
harmful constituents of particulate matter—especially considering the negative im-
pacts on our economy. Air quality will continue to improve through implementation
of the current standards and the Federal clean air rules.

EPA claims that they will address more of the NAS recommendations when the
final rule is issued. At this time, we are told that there will also be a more complete
Regulatory Impact Analysis and new science will be considered. It is unacceptable
for the public and this committee to get critical information only after the final deci-
sion has already been made.

Third, testimony that we will hear today indicates that EPA selectively used
study results in developing the proposal.

In conclusion, it is important that everyone understand that science can only take
us so far, but ultimately, it is a policy decision whether or not to change a standard.
That is why the Clean Air Act states that air quality standards are to be set “in
the judgment of the Administrator.” Given this judgment discretion, how can EPA
revise the particulate matter standards when the public health benefit is not fully
understood?

Mr. Chairman, I again thank you for holding this hearing and look forward to
hearing from the witnesses. Thank you.—

Senator INHOFE. Thank you, Senator Voinovich.
Senator BOXER.

OPENING STATEMENT OF HON. BARBARA BOXER,
U.S. SENATOR FROM THE STATE OF CALIFORNIA

Senator BOXER. Thank you, Mr. Chairman, for holding this hear-
ing. I ask that my full statement be placed in the record.

Senator INHOFE. Without objection, so ordered.

Senator BOXER. I will read part of it.

This hearing is important because protecting the air that Ameri-
cans breathe is important. It is a critical responsibility of this com-
mittee. We have made great strides in this country, but unfortu-
nately EPA’s proposed standards for controlling toxic soot and dust
drastically depart from this path.

Now, I won’t get into politicizing science, but what I want to say
here is EPA has rejected advice from its own Clean Air Science Ad-
visory Committee on health-based standards for toxic soot and
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dust. This, despite the fact that the American Lung Association
and other public health groups say the children, the elderly and
people with heart disease, diabetes or respiratory diseases are es-
pecially vulnerable to the adverse impacts of such pollution.

Let me be more specific. Particulate pollution causes premature
death, whether you are in Oklahoma, New York, New dJersey,
Vermont, California or Ohio. Particulate pollution causes pre-
mature death. It exacerbates asthma, cardiovascular disease, in-
cluding heart attacks and strokes, and it increases hospital admis-
sions.

I have to say, sometimes in this committee we talk about things
as if they were very interesting scientific issues. But the bottom
line is what we are talking about here is the longevity or lack of
such of the American people and the quality of their lives, be they
children or adults. More than 160 national, State, local, environ-
mental, religious groups, and I want to point out religious groups
are getting involved in this, and public interest groups have urged
EPA to increase these clean air protections. EPA’s Children’s
Health Advisory Committee also urged EPA to revise these stand-
ards to protect children.

I would ask unanimous consent that these letters be placed in
the record at this time. Mr. Chairman, I would like to place these
letters from the religious groups and others into the record at this
time.

Senator INHOFE. Without objection.

[The referenced letters can be found on pages 193-201.]

Senator BOXER. EPA has also proposed a protective standard for
coarse particulate matter. The Agency proposal ignores pollution by
exempting some industries, exempting them, industries such as
mining. In addition, EPA proposes such a limited amount of moni-
toring that pollution will go undetected in many of our medium size
and small cities.

So EPA must stop this politicizing. They are politicizing scientific
decisions, and I resent it as a U.S. Senator from the largest State
in the union, where we are deeply affected by this. A particularly
egregious example was identified by Mr. Bart Ostro, chief of Cali-
fornia’s Office of Environmental Health, regarding the particulate
pollution rule. On February 3, 2006, Mr. Ostro testified before
EPA’s Science Committee that “last minute additions of edits and
opinions by OMB and others circumvented the entire peer review
process.” That is a condemning statement.

The Clean Air Act has it right. Sound science and the protection
of public health should guide the establishment of Clean Air Act
standards and sadly, Mr. Chairman, I am very worried about the
fact that we seem to be veering away from science and making poli-
tics the key ingredient in these decisions.

Thank you.

Senator INHOFE. Thank you, Senator Boxer.

Senator DEMINT.

OPENING STATEMENT OF HON. JIM DEMINT, U.S. SENATOR
FROM THE STATE OF SOUTH CAROLINA

Senator DEMINT. Thank you, Mr. Chairman. I am very inter-
ested in the results today. I appreciate our witnesses.
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Last week, we looked at the possibility of a rule change. As we
all know, the Clean Air Science Advisory Committee has rec-
ommended that EPA lower its annual standard for particulate mat-
ter. What I find interesting is that the air today is significantly
cleaner than it was years ago, and even more intriguing is the risk
assessment of health complications due to long-term exposure,
PM, 5 ambient air, have been reduced.

Studies have shown that the risk assessment for PM, s have ei-
ther stayed the same or been reduced. Then why is the EPA receiv-
ing a recommendation from the committee to tighten the standard?
Obviously, I am very interested in clean air. I just want to make
sure that we find the source and really do something that cleans
the air, not just do something to do something.

The mechanisms that were used to direct the committee to rec-
ommend more stringent annual standards are actually disturbing.
The EPA staff memo directed the committee to study three specific
scientific studies. One of the studies gave mixed results of the
human risk of high levels of PM. s; another was nullified by the sci-
entists who performed the study because the data constantly
changed based on their assumptions; and the third one was based
on cities outside the United States over a 6-year process that
showed a drop in ambient air quality.

So I am very interested in the testimony today. We want to know
about good science. We want to know how to clean the air. I am
just afraid we are looking at doing something just to look like we
are doing something. We will end up costing this country a lot of
jobs and prosperity, and not leave the air any cleaner.

So I am here to learn, and I thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator DeMint.

Senator LAUTENBERG.

OPENING STATEMENT OF HON. FRANK R. LAUTENBERG,
U.S. SENATOR FROM THE STATE OF NEW JERSEY

Senator LAUTENBERG. Thanks, Mr. Chairman, for giving us an-
other opportunity to examine the need to protect our air.

This week gives us an urgent reminder about what we have to
do. The red air days are oppressive. I felt it myself, not enough to
make me ill, but enough to make me realize that that air wasn’t
particularly clean.

Parents are warned not to let children play outdoors if they have
respiratory problems because of increased danger of asthma attack
or other complications. We know that particulate matter pollution
triggers asthma attacks and affects the health of people with other
respiratory and lung conditions.

Today, we are going to hear how it also poses threats to people
with heart conditions. But we will hear a lot of talk about uncer-
tainty. We are not sure. It is like saying, well, the fire is only in
the basement; let’s not get excited upstairs.

I heard the same thing 20 years ago when I wrote the law to ban
smoking on airplanes. The tobacco industry said there was too
much uncertainty about the effects of secondhand smoke. There is
no doubt anymore about it. Today, we know that there is real dan-
ger from secondhand smoke and we are so grateful that we did
something when we did it.
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We have heard the same excuse about uncertainty for years in
the discussion of global warming. Look outside; feel it. The claim
of uncertainty is the smokescreen that diverts attention from real
problems. It is merely an excuse to avoid taking any action that
might cost an extra few bucks to accommodate our need.

We are here to represent the 25 million American adults with
heart disease and 6 million children with asthma, one of whom is
my grandson, Alexander. There is no uncertainty about whether
they deserve clean, healthy air. This week, we learned of a report
on particulate matter which had been requested by OMB. That re-
port suggests that particulate matter is actually a worse problem
than we previously thought. So much for uncertainty.

So we ought not to let a handful of particular interests pressure
us into doing anything that will permit more harm to millions of
Americans. I think that this is a matter of urgency and I think we
have to get on to making sure that the standards that we have are
the highest and are the toughest than we get to meet.

And not without consideration for either jobs or investment. But
I will tell you, when we talk about jobs and I read the reports
about what is happening, where things are being made today, they
are not being made in India and other places, or Bangladesh be-
cause of environmental issues. They are being taken away because
of cost issues. So we shouldn’t confuse the facts.

I thank you, Mr. Chairman, once again, for the opportunity to air
this problem.

Senator INHOFE. OK. Senator Clinton.

OPENING STATEMENT OF HON. HILLARY RODHAM CLINTON,
U.S. SENATOR FROM THE STATE OF NEW YORK

Senator CLINTON. Thank you, Mr. Chairman.

Although we are making opening remarks, I want to begin by
welcoming someone whom I have a great deal of regard for, Dr.
George Thurston, to the committee. Dr. Thurston is on the faculty
at New York University School of Medicine, where he conducts in-
vestigations into the human health effects of air pollution. He is
truly one of the leading scientists in this field. I am pleased that
he will be testifying on the second panel.

I have particular regard for Dr. Thurston because when I was
raising questions about the quality of air after 9/11 and the Admin-
istration was assuring everyone that there were no problems in the
air, and in fact everything was fine, Dr. Thurston was one of those
gvho said this is just not squaring with the scientific work I have

one.

Well, now nearly 5 years later, we have hundreds and hundreds
of firefighters, police officers, construction workers, residents and
others who are suffering from respiratory distress. Now, that was
an intense experience because the air was so contaminated with ev-
erything that came from the World Trade Center. We can look at
that and we can draw some conclusions about the impact of such
a horrible event.

But it is also true that after 9/11 when all the planes were
grounded, there are a lot of pictures showing how clean the air
was. We are facing a very serious question here. This is an impor-
tant issue, not just in New York, but across our country. Since the
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1997 revisions to the particulate matter standards, numerous sci-
entific studies have been published. These have not been partisan
studies. These have not been ideological studies. They have ranged
from scholarly academic studies like Dr. Thurston, to the American
Lung Association.

These studies have overwhelmingly strengthened the links be-
tween particulate pollution and a range of adverse health out-
comes, including asthma, heart attacks, hospital admissions, ad-
verse birth outcomes, and premature death. Some recent studies
have even linked long-term particulate matter exposure to in-
creased risk of lung cancer.

In addition, our understanding of the biological mechanisms at
work helps explain these links better than we understood back in
1997. So I was dismayed when the EPA disregarded the advice of
its Clean Air Science Advisory Committee.

You know, when CASAC recommended what it thought needed
to be done, the EPA decided not to lower the annual PM standard
in its proposed revisions. This action prompted a letter back to the
EPA from CASAC, which I think is unprecedented. That letter reit-
erated the CASAC’s finding. All of these scientists who have no
particular ax to grind, “the epidemiological evidence supported by
emerging mechanistic understanding indicates adverse PM,;
health effects below 15 micrograms per cubic meter.”

Now, I think the science is clear. One of the reasons the air is
cleaner today is that for more than 30 years we have been cleaning
it up. So we have a little bit in the bank, but that is not going to
stand.

So Mr. Chairman, I hope that we will go with the lower stand-
ard, and I ask unanimous consent to submit the full statement to
the record.

Senator INHOFE. Without objection, so ordered.

Senator INHOFE. Senator Carper.

OPENING STATEMENT OF HON. THOMAS R. CARPER,
U.S. SENATOR FROM THE STATE OF DELAWARE

Senator CARPER. Thanks, Mr. Chairman.

I want to follow up on what Senator Clinton has said, if I may,
and also just kind of respond to what Senator DeMint has said.
EPA doesn’t come up with these recommendations out of thin air.
They have this CASAC committee that Senator Clinton just re-
ferred to. They made their recommendations for advising the an-
nual and the daily limits on this particulate matter.

Good people, they are all scientists. They have no ax to grind.
What they try to do is to use good science and to give us their best
recommendations, and also to give those recommendations to EPA.
EPA has reviewed, I am told, over 2,000 scientific studies I believe
since 1997, and they found an association between particulates in
ambient air and all kinds of health problems. We have heard a cou-
ple of them, a recitation of them from Senator Clinton. I want to
mention them again: aggravated asthma, chronic bronchitis, re-
duced lung function, irregular heartbeat, heart attacks, and pre-
mature death in people with heart or lung diseases.

In just nine cities that EPA looked at, particulates would cause
an estimated almost 5,000 premature deaths unless current stand-
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ards are strengthened. EPA could have come in and frankly fol-
lowed the advice of CASAC. They didn’t. They erred the other way.
For some of us on this committee, we were disappointed with that
result.

I do want to commend Administrator Johnson for acknowledging
that the science does support strengthening the current particulate
matter standards. I am concerned that the proposed standard is
higher than the range recommended by EPA’s CASAC. I look for-
ward to hearing today EPA’s justification for that decision.

Finally, I would like to follow on a point made during last week’s
hearing by a number of Senators, as well as Bill Wehrum of EPA.
To do so, let me just quote Mr. Wehrum’s testimony from last
week. Here is what he said: “between 1970 and 2005, gross domes-
tic product increased by 195 percent. Vehicle miles traveled in-
creased 178 percent. Energy consumption increased 48 percent.
The U.S. population grew by 42 percent. During the same time pe-
riod, total emissions of the six principle air pollutants dropped by
53 percent.”

In other words, since the inception of the Clean Air Act, our
country has made significant increases in our energy usage, mobil-
ity and an ever-growing economy, and at the same time we have
seen our air pollution decrease. Our Nation’s air has not become
cleaner on its own. The improvements are a direct result of specific
air regulations and the implementation of the National Ambient
Air Quality Standards. The arguments we are hearing today that
claim that tighter air regs will hurt our economy and cost people
jobs are not new. We have heard these claims every time EPA has
proposed a new regulation over the past 30 years.

However, as Mr. Wehrum and others on the committee correctly
pointed out last week, those claims have not proven to be true. We
can have cleaner air. We can grow our economy and we can do
those things today, as we have in the last 30 years.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Carper.

That will conclude our opening statements. We have on our first
panel Dr. George Gray, Assistant Administrator for Research and
Development for the EPA; and John Stephenson, Director, Natural
Resources and Environment for the United States GAO.

We will start with you, and try to confine your remarks to 5 min-
utes, if you could. Dr. Gray, you are recognized.

STATEMENT OF GEORGE GRAY, ASSISTANT ADMINISTRATOR
FOR RESEARCH AND DEVELOPMENT, U.S. ENVIRONMENTAL
PROTECTION AGENCY

Mr. GrAY. Thank you, Mr. Chairman, members of the committee.
I am George Gray, the Assistant Administrator for the Office of Re-
search and Development at the Environmental Protection Agency.

I want to thank you for the opportunity to discuss EPA’s evalua-
tion of the scientific evidence for potential health effects of airborne
particulate matter known as PM. Last week, the subcommittee
heard from my colleague Bill Wehrum, the Acting Assistant Ad-
ministrator for Air and Radiation and the EPA’s review of the Na-
tional Ambient Air Quality Standards, we call them the NAAQS.
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During the testimony, he explained to you the crucial role that
science plays in helping to inform our decisions about the NAAQS.
Today, what I would like to talk to you about in more detail is the
science, how it is prioritized, how it is developed, and how it is syn-
thesized and integrated.

As the Assistant Administrator for the Office of Research and
Development, I am responsible for both the development of new sci-
entific information targeted at specific Agency needs, and for the
evaluation, synthesis and integration of the world’s peer reviewed
literature and to a document that informs EPA decisionmakers.

As we characterize the current state of our collective scientific
knowledge, we are careful to point out the strengths and weak-
nesses of this large body of information so that informed decisions
can be made. It is clear that scientists and staff of EPA play a cru-
cial role in the development and evaluation of the world’s scientific
information to inform their review of the NAAQS.

A very important function of EPA is the synthesis and integra-
tion of these thousands of individual acts of science to provide a
clear characterization of our knowledge and the degree to which we
are still uncertain about some aspects of PM health and environ-
mental effects.

We have a scientifically rigorous process by which we evaluate
and interpret this important body of knowledge and we ensure that
our interpretation of them is complete, transparent, unbiased, and
consistent with an array of views in the scientific community.

A fundamental step in the review of the NAAQS is the evalua-
tion of scientific evidence in the preparation of scientific assess-
ments known as criteria documents by the National Center for En-
vironmental Assessment, which is part of the Office of Research
and Development. The development of criteria documents involves
a review of thousands of peer-reviewed research publications, eval-
uation of those studies that are most relevant to the review of air
quality standards and the integration of scientific information
across disciplines.

The body of evidence must be reviewed, evaluated, weighed and
then accurately and objectively described to help inform our deci-
sions about National Ambient Air Quality Standards. For the cur-
rent PM review, EPA evaluated research studies that addressed a
wide range of issues, including PM toxicology, epidemiology, atmos-
pheric chemistry, human exposure and other areas of environ-
mental effects. Thousands of studies were reviewed and over 2,000
were referenced in the final criteria document, many of which were
conducted or funded by EPA’s Office of Research and Development.

Considered together, these new studies significantly advanced
our understanding of PM’s potential effects on public health and
welfare and reduced the uncertainties associated with some impor-
tant aspects of the science. Drawing on the evaluation of studies
reviewed in the PM criteria document about health effects and dose
response, as well as information about exposures to PM, EPA also
completed a risk assessment to estimate the degree to which var-
ious approaches for revising the standards would potentially affect
the public health risks that are posed by PM.

Further, the Agency prepared a document known as a staff paper
that utilized the evaluation and characterization of scientific evi-
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dence in the criteria document, together with the results of the risk
assessment, to help inform policy judgments that are required in
making decisions about the NAAQS.

In summary, the Bush administration is committed to the devel-
opment and use of the highest quality scientific information to in-
form decisionmaking. The mission of the Office of Research and De-
velopment is to develop, evaluate and communicate relevant sci-
entific information to the Administrator and to assure that the Ad-
ministrator is well informed of the nature, the strengths, and the
limitations of this information. EPA has sponsored a targeted and
effective research program on particulate matter, and I am pleased
to convey to you and others the value of this investment.

We have made a great effort to evaluate and characterize the ex-
isting and new scientific results available on particulate matter
and I am personally pleased to share with you my views on this
work. I look forward to addressing any questions that you may
have, and I respectfully request that my full written testimony, as
submitted, be inserted into the record.

Senator VOINOVICH. [Presiding] Thank you, Mr. Gray.

Mr. Stephenson, before you give your testimony to the com-
mittee, I am going to ask that this report by the GAO be made a
part of the record. I look forward to your testimony.

[The referenced document can be found on pages 86-90.]

STATEMENT OF JOHN STEPHENSON, DIRECTOR, NATURAL RE-
SOURCES AND ENVIRONMENT, U.S. GENERAL ACCOUNT-
ABILITY OFFICE

Mr. STEPHENSON. Thank you, Mr. Chairman and other members
of the committee. I am pleased to be here today as the committee
considers the science and risk assessment supporting EPA’s pro-
posed revisions to the national air quality standards for particulate
matter.

A large body of scientific evidence over the past several years
links exposure to particulate matter to serious health problems, in-
cluding asthma, chronic bronchitis, heart attack and premature
death. EPA, as part of its authority under the Clean Air Act to pe-
riodically review and revise as appropriate the air quality level at
which to set national standards, proposed revisions to the particu-
late standards. It issued a draft regulatory impact analysis in Jan-
uary, 2006 of the revisions’ expected costs and benefits.

As you know, EPA’s estimates of the expected benefits from its
air pollution regulations have in the past often been controversial
and the methods the Agency used to prepare these estimates have
been questioned. As a result, at the direction of the Senate Appro-
priations Committee, the National Academy of Sciences evaluated
EPA’s overall methodology and approach for estimating the health
benefits of all proposed air regulations, and in 2002 issued a report
that made recommendations to EPA to, among other things, con-
duct more rigorous assessments of uncertainty, increase the trans-
parency of how it estimates benefits, conduct more detailed anal-
ysis of exposure, and estimate the benefits of each regulatory op-
tion under consideration.

Mr. Chairman, you asked GAO to determine the extent to which
EPA has implemented the academy’s recommendations and our re-
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port that you just mentioned being released today provides a de-
tailed discussion of each recommendation and EPA’s efforts to re-
spond to them.

In summary, we found that while the National Academy gen-
erally supported EPA’s overall approach to estimating benefits, it
made 34 specific recommendations for improvements. EPA is mak-
ing progress in responding to the National Academy’s recommenda-
tions, but in the case of its January, 2006 analysis, EPA had ap-
plied 8 of the recommendations, partially applied 14, and did not
apply 12.

For example, in response to the Academy’s recommendations,
EPA evaluated how benefits might change, given alternative as-
sumptions, and discussed sources of uncertainty not included in the
benefit estimates. Although EPA applied an alternative technique
for evaluating one key uncertainty that concerning the causal link
between exposure to particulate matter and premature death, the
health benefits analysis did not assess how the benefit estimates
would vary in light of other key uncertainties, as the Academy had
recommended.

Consequently, EPA’s response represents a partial application of
some of the recommendations. EPA told us that insufficient re-
sources impeded its progress in applying some of the Academy’s
recommendations, citing in particular the limited availability of
skilled staff, time and other resources to conduct the recommended
analyses. EPA also stated that in some cases, it did not believe the
state of the scientific knowledge was sufficient to implement other
academy recommendations. One such area has been mentioned
today, is for EPA to determine the relative toxicity of particulate
matter components. EPA intends to pursue research and develop-
ment so that additional academy recommendations such as that
can be incorporated in future air regulations.

We believe that continued commitment and dedication of re-
sources will be needed if EPA is to fully implement the improve-
ments recommended by the National Academy. In particular, EPA
will need to ensure that it allocates resources to needed research
on emerging issues such as the relative toxicity of particulate mat-
ter, and to assessing which sources of uncertainty have the great-
est influence on the benefit estimates. EPA officials said that they
expect the final rule, due September 27, will better address other
academy recommendations pertaining to uncertainties associated
with the health benefits estimates.

We should all be closely examining EPA’s final rule because a
more robust analysis of the remaining uncertainties, not address-
ing the proposal, will be critical if decisionmakers and the public
are to better understand the likelihood of actually attaining the
health benefit estimates.

Mr. Chairman, that concludes my summary. I will be happy to
answer questions.

Senator VOINOVICH. [Presiding.] Thank you very much.

In our last hearing, we talked particularly about asthma. I would
like to read a statement to both of you and have you comment on
it in terms of what impact do you believe that increasing the par-
ticulate role would have on the issue of asthma.
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According to the Centers for Disease Control and Prevention,
from 1980 to 2001, the number of Americans with asthma tripled
to 20.3 million. From 1975 to 2000, the number of asthma attacks
also tripled. At the same time, EPA data indicates the emissions
of the six principal air pollutants dropped by 53 percent since 1970.
Thus, while the number of people with asthma and the incidence
of attacks have increased, air pollution has decreased substantially
over the same time.

Senator Lautenberg stated at the hearing, “But during the sum-
mertime when most people are enjoying their vacation playing out-
side, children with asthma often have to stay indoors, and the rea-
son that they have to stay indoors is the air is just too dangerous
for them to breathe.”

However, staying indoors is exactly the opposite of what children
should be doing, according to a report on the indoor air pollution.
EPA “studies of human exposure to air pollutants indicate the in-
door levels of many pollutants may be 25 times and occasionally
more than 100 times higher than outdoor levels. These levels of in-
door air pollutants are of particular concern because it is estimated
that most people spend as much as 90 percent of their time in-
doors. The poor quality of indoor air and the amount of time spent
indoors seems to explain the increased incidence of asthma better
than outdoor air which is greatly improved.”

Furthermore, according to NIH, air pollution is one of the many
things that can bring on asthma symptoms. They talk about ani-
mal dander, dust mites, cockroaches, pollen and mold, cigarette
smoke, air pollution, cold air, strong odor, scented products, strong
emotional expression and stress, medicines, sulfites in food, or bev-
erages.

Will you comment on how you think, if we improve this particu-
late matter, it is going to make a difference in terms of something
like asthma, that is always the subject matter here before this com-
mittee?

Mr. GRAY. Senator, as many of you have stated, it is very clear
that the issue of particulate matter and the ambient air quality
standard is one of the most important decisions that EPA makes.
Particulate matter is linked with a variety of adverse health out-
comes, exacerbation of asthma being one of them. That is, no one
is suggesting that in fact particulate matter causes asthma, but
that it may be something that helps to trigger an attack or make
them worse.

That is part of the evidence, along with the other health effects
that we can consider. They were part of the rationale behind our
proposed rule that you can read about, where we suggested a par-
ticulate matter ambient air standard. We also asked for people’s
views. We asked for input from the scientific community and from
the public about that. The information we are going to get is going
to be an important part of the ultimate decision we make. We are
trying to understand the range of scientific information on all of
the health effects of particulate matter, and the role that that
might play in the ultimate judgment of an appropriate standard.

Senator VOINOVICH. Mr. Stephenson, the fact that your report
says that the recommendations of the National Academy of
Sciences in terms of the things that you need to do to measure
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whether or not particulate matter has an impact on health have
not been carried out by the Environmental Protection Agency. Do
you believe that they have enough information now that they can
intelligently, objectively make a decision in terms of what this
rule’s impact will have on public health?

Mr. STEPHENSON. Well, one of the problems is the rulemaking
process doesn’t lend itself to a broad picture of air quality in gen-
eral. We are looking at particulate matter in this case. Our concern
was that many of the uncertainty analyses were done, but they
were never rolled up into a more robust analysis of all the uncer-
tainties such that you could determine the ranges of exposure and
project the health benefits in that way.

So we think they have data. It is a question of how you analyze
that data.

Senator VOINOVICH. Do they have enough data to intelligently,
objectively decide whether or not for public health, and I am not
talking about weighing all the other sides of this. In other words,
they are not supposed to weigh the impact on the economy and jobs
and poor people’s energy costs and all the rest of that. They close
their eyes to that. But do they have enough information to intel-
ligently, objectively make a decision in terms of what impact a new
rulemaking it more stringent would have on public health?

Mr. STEPHENSON. In some cases yes and in some cases no. They
need more exposure data. They need more data to determine how
particulate matter affects various populations, how people inhale
the particulate matter, etc. There is another category, which you
mentioned, on the components of particulate matter, what makes
up particulate matter. As Chairman Inhofe mentioned, asbestos is
certainly more dangerous than dust. There is more research that
is needed in that area in order to determine if there is in fact a
difference between different types of particulate matter.

Senator VOINOVICH. Thank you.

At the request of the Ranking Member of the subcommittee, he
asked that Senator Boxer be next.

Senator BOXER. Thank you very much. I appreciate that.

I really have one question that I want to ask to both of you. As-
sistant Administrator Gray, EPA’s proposal to reduce dangerous
levels of coarse particulate matter or toxic dust relies on air pollu-
tion monitoring to detect potential violations. However, the Presi-
dent’s proposed budget for fiscal year 2007 cuts these monitoring
funds by $17 million. State and local Clean Air Act administrators
believe this will severely weaken monitoring programs and likely
result in significant staff cuts across the country, so we will not
have the people necessary to tell us what this monitoring is show-
ing us. And what the monitoring is showing us is very important
because at certain levels, we know our most vulnerable popu-
lations, our children, our elderly, our sick, our weakest, are im-
pacted.

So I don’t quite get why we see that kind of a cut, $17 million
is not a lot in the scheme of things, when you think of what we
are spending in Iraq every week. It is in the billions. We need the
$17 million to be restored. It just boggles the mind that would be
gone.
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Let me tell you the impact of it that we are being told. We are
being told that as a result of this, dangerous pollution will go unde-
tected in rural areas and cities, such as California’s San Joaquin
Valley where we have our farms and workers, farm workers; Mis-
soula, MT; Carson City, NV; the Raleigh-Durham metro area in
North Carolina; the Fort Worth-Arlington area in Texas.

I am just giving you examples of cities and regions that don’t
meet the population set out here. So I am wondering if you think
that people in these areas deserve less protection than people in
larger areas. To Mr. Stephenson, given the same set of facts, you
have testified before that EPA fully or partially implemented only
two thirds of the National Academy of Sciences’ recommendations,
but that Agency officials complained of a lack of funds hampered
their ability to do so. Your testimony states that continued commit-
ment and dedication of resources will be needed if EPA is to fully
implement the improvements recommended by the National Acad-
emy.

This is an Administration, and my colleagues on the other side
and we join them in this. We want to do everything that is based
on science, and the National Academy of Sciences puts forward the
plans, and then we don’t have the funding. So this $17 million cut
that I am coming back to, and then there is $1 million in cuts to
EPA’s budget for science and research for developing and imple-
menting clean air standards.

So I would like both of you to react to these budget cuts, and how
do you, first of all defend them, if you do, Mr. Gray and Mr. Ste-
phenson. Can you just give us some straight talk about what it
really means to our people?

Mr. STEPHENSON. Well, let me just say that we have in the past
recommended in other reports on other air issues that more moni-
toring is needed. We are a data-based organization. We support the
need for real monitoring data. That is the cornerstone of scientific
research. So if there is a cutback in the amount of data you actu-
ally collect, we would see that as a problem.

Senator BOXER. And Mr. Gray, I assume you don’t think it is a
problem?

Mr. GrAY. I want you to know that the EPA is committed to hav-
ing the information that they need to make good science-based de-
cisions. In fact, it is our network of thousands of monitors that we
operate, together with our partners in the States, that helps give
the public information Senator Lautenberg referred to, when there
is a Code Red day. That information comes from monitors that are
like those or even perhaps from those that are maintained by the
Agency. But it also helps to support the research that we are talk-
ing about.

Senator BOXER. Wait a minute. Excuse me for interrupting you.

Mr. GRAY. Yes.

Senator BOXER. We agree that monitoring is important. I am
asking you to tell me why, then, would you be cutting that budget?

Mr. GrAY. First of all, we have invested over $100 million since
1998 in monitoring and specifically in monitoring speciation, ques-
tions that we are being asked to address by the National Academy,
by this committee and by others. In addition, we believe that we
can find efficiencies. We can do our monitoring in better ways. We
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are all being asked to do things more efficiently and we are looking
for efficiencies.

Senator BOXER. So you don’t believe that the local people who
are telling us that as a result of these cuts there will be pollution
undetected in rural areas and cities, including for example, San
Joaquin Valley in California; Missoula, MT; Carson City, NV; Ra-
leigh-Durham metro. We have a whole list of them. You think that
is an overreaction and that these people will in fact have their air
monitored? Is that what you are telling us?

Mr. GrAY. I am telling you that I am sure that they may be con-
cerned, but that we are committed to making sure that we have
the information that we need to monitor the air, to make sure that
everyone has an adequate level of protection.

Senator BOXER. So they may be concerned, but they shouldn’t be
concerned because you are going to monitor their air. Is that what
you are saying?

Mr. GrAY. I am saying that.

Senator BOXER. Yes or no? Are you going to monitor the air in
those areas and those regions?

Mr. GRAY. Most of the monitoring that is done is not done by the
Agency.

Senator BOXER. Yes or no? Are you going to monitor the air in
those regions?

Mr. GRAY. We are going to do what we need to do to make sure
that we have the information.

Senator BOXER. Mr. Chairman, they are not going to monitor the
air in these areas. You can’t get a yes or no answer. It is very dis-
turbing. Yes or no, can’t get it.

Thank you.

Senator VOINOVICH. Thank you, Senator Boxer.

For the record, I would like insert a letter signed by 33 members
of the U.S. Senate to the Appropriations Committee asking that
they restore this $33 million to your budget, $17 million of which
is to be used for monitoring. I think it is outrageous that some of
the domestic budgets of this Government have not been given the
dollars they need to get the job done that they are being asked to
do. The non-defense discretionary budget is being clobbered, and
we just stick our heads in the sand and ignore it.

If we ask you to do a job, you ought to have the money to get
the job done and we are not giving you the money and the Admin-
istration should wake up to the fact that we have a problem not
only in the EPA, but across the board. I am sorry.

Senator ISAKSON.

Senator ISAKSON. Thank you, Mr. Chairman.

On that subject, just to help educate me, this is a prospective cut
that is being discussed based on last year’s funding and this year’s
appropriation. Do you feel like you have sufficient funding at this
year’s level to do the monitoring necessary to make a reasonably
informed determination on your standards?

Mr. GRAY. The information that we use to make judgments about
our standards is based on a range of scientific information. It in-
cludes not only this monitoring.

Senator ISAKSON. No, no, no. Excuse me for interrupting. But in
terms of funding for monitors, which was the question, I am just
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wondering if you think you have enough funding at current levels,
not contemplating the future proposed cut, to make reasonable de-
terminations?

Mr. GrAY. We believe that we have the information that we need
to make the determinations that we need to make.

Senator ISAKSON. OK. Second, the GAO report, and excuse me,
but I will read this so I will get it correct, in referring to the
unexecuted 12 recommendations where you all cited insufficient re-
sources, the GAO report says, the Agency will need to ensure that
it allocates resources to needed research on emerging issues such
as the relative toxicity of particulate matter components and to as-
sessing which sources of uncertainty have the greatest influence on
benefits.

This portends that you have some discretion in allocation that
you could use to move moneys to complete all the 34 recommenda-
tions that GAO recommended. Is that correct?

Mr. GrAY. We take the recommendations from the National
Academy of Sciences very seriously. Characterizing the science well
in a balanced way and characterizing uncertainty are very impor-
tant to the Agency. I, in fact, take some comfort in the fact that
we have achieved, at least partially two thirds of those, and when
our final RIA comes out in September, I think you will find we
have made even more progress.

Some of the recommendations will require additional work. They
will require us to do methods development. They will require us to
do research. At this point, for example, we have committed over
$150 million for research to help address the question of speciation,
one of the very highest priorities that we have in addressing Na-
tional Ambient Air Quality Standards. So we are setting our prior-
ities to help to meet many of those recommendations that came
from the National Academy.

Senator ISAKSON. Should you implement a rule before you have
reached all the conclusions you need to reach based on the studies
of the science?

Mr. GrAY. I think that the recommendations from the National
Academy are important for us in the way we do our Regulatory Im-
pact Analyses. Those are very important documents that help the
Nation, that help you understand the costs and benefits of the ac-
tions that we take. We cannot consider those in setting our Na-
tional Ambient Air Quality Standard.

Senator ISAKSON. You cannot consider them?

Mr. GRAY. We cannot consider the costs in setting our National
Ambient Air Quality Standard. For that reason, we evaluate the
scientific evidence. We consult with the scientific community. We
have our panel of experts that we use, and that is the information
that goes into the setting of the National Ambient Air Quality
Standard.

Senator ISAKSON. One final question, and I want to thank the
Chairman for holding this hearing and the hearing we held I guess
last week, wasn’t it?

At the hearing last week, we had a county commissioner from
Georgia, Walker County, GA, that is in non-attainment; entered
into a compact with EPA; has from what I can understand from
EPA and them, done everything that was asked of them within
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their control. But they find themselves the recipient of pollution
from other continents, as well as larger cities near them, and also
Mother Nature with the Bermuda High which over the southeast
traps so much of this stuff for about 5 months out of the year.

I know everybody has heard this before, but just one more time.
It seems to me like the restrictions and the punishment, if you will,
that somebody who has done everything admittedly within their
control to do, that we are punishing the wrong person. There ought
to be some attention to the unintended consequences of them re-
ceiving this pollution without any ability to stop or divert it after
they have taken care of all of the things at the local level they need
to do.

So I know there was some testimony by one of the gentlemen tes-
tifying that there is a way out through appeal to EPA? I want to
just perfect the record from last week. Walker County, at their own
expense, did extensive studies to do that, and demonstrate the
point source of this pollution, but still was unable to get any
breathing room from the EPA restrictions.

So I think we do, I am very much for clean and cleaner air, and
I am very much for doing everything we can in terms of standards
to implement that. But I also am for reasonable common sense on
the application, particularly of these non-attainment standards
when there is no control by the people who are being restricted,
and in my case it is 63 percent of my State.

Thank you, Mr. Chairman.

Senator VOINOVICH. Thank you, Senator.

Senator LAUTENBERG.

Senator LAUTENBERG. Yes, thanks, Mr. Chairman.

Mr. Gray, the EPA is proposing to attain an annual health
standard of particulates that is much less protective than that
which California has adopted. Can you explain why?

Mr. GrAY. In the case of our proposed rule, first, it is important
to note that we are committed to making sure that our National
Ambient Air Quality Standards fulfill the Clean Air Act goal of pro-
tecting human health. Setting a standard, as we have already dis-
cussed, is a judgment of the Administrator. The job of my office,
and a job that I think we have done very well, is to present the
Administrator with a picture, a complete picture of the science, its
strengths and its limitations, and the uncertainties of what we
know and don’t know, and to help inform that judgment.

In our proposed rule, we did describe the basis for the level of
15 that we proposed, but we did ask for comments on other levels.
I want you to know that those comments are going to be taken seri-
ously and they will be an important factor in the Administrator’s
decision. We are in the middle of an open-ended, deliberative proc-
ess that is going to result in a final standard in September. It will
fulfill that goal of protecting human health, taking into account the
science that is available, the advice of our advisory committees like
CASAC, and public comment.

Senator LAUTENBERG. Do you think that we are at a point in
time where we think that there ought to be any making the stand-
ards more rigid, to raise the standards for particulate matter that
we ought to move on with? Have we done enough research, in your
judgment, Mr. Gray, to say that there are significant problems with
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the ambient air quality as we know it? We ought to, particularly
as it affects particulate matter, should we strengthen those stand-
aﬁds,?make them more rigid than they are? Or should we reduce
them?

Mr. GRAY. Again, this is an important judgment that has to be
made. National Ambient Air Quality Standards for particulate mat-
ter are some of the most important decisions that are made by the
Environmental Protection Agency and the decisions are not made
lightly. They are made with as much scientific information, as
much scientific advice, as much scientific input as we can muster.
That information is put before the Administrator in a balanced
way, in a careful way, describing the strengths and limitations to
help inform the judgment about whether the standard needs to be
retained, needs to be raised, or needs to be lowered.

Senator LAUTENBERG. Do you make recommendations when you
submit it to the Administrator as to the direction that EPA ought
to take? Or is this simply, I've done my job and here it is? Or do
you do all the decisionmaking as to the Administrator?

Mr. GRAY. My office does not do that. We prepare what we call
the criteria document, thousands of pages of scientific information
summarizing what we know and don’t know. There are rec-
ommendations that come from the staff in the Office of Air and Ra-
diation in EPA that make suggestions to the Administrator.
CASAC makes suggestions to the Administrator. All of that in-
forms their judgment.

Senator LAUTENBERG. You are aware of those recommendations?

Mr. GrAY. I am very aware of them, yes.

Senator LAUTENBERG. What is the conclusion that you would
come to, hearing their recommendations? Do you think that the
standards ought to be reduced, lowered?

Mr. GrAY. I think that when we put out our proposed rule and
our proposed standards, we very clearly articulated the thinking
behind them, the science behind them. We asked for public com-
ment, scientific information that might be out there that we might
find useful. All of that will inform our judgments.

Senator LAUTENBERG. I understand the mechanics, but there
must be some conclusions out of this that say we could do better.
We certainly ought not to do worse. The Chairman talked about a
statement I made about keeping kids indoors. So I think I can
come up with a conclusion that you have to choose your poison. In
other words, if a mother unwittingly says, well, I am going to bring
my child inside, or keep my child indoors because I think that the
air quality is better. Here we come up with a conclusion that no,
that there is more danger indoors than there is outside.

So that is quite a dilemma. I think that what we ought to do is
understand people’s emotion, and understand what people’s think-
ing is. In the house, air conditioned, etc., and you think that the
air quality is better. I know it’s easier to breathe when you are in
a house that has some air quality action going on.

So maybe we ought to meet outside in the interest of safety for
the Senators and the visitors.

[Laughter.]

Senator VOINOVICH. Thank you, Senator.

Senator CHAFEE.
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Senator CHAFEE. Thank you, Mr. Chairman.

Senator Isakson was talking about his county in Georgia, Walker
County, and he mentioned particulate matter coming from other
continents. In your studies, are there any other countries that are
similar to us in our research? I don’t want to put you on the spot,
but that we can work with as we try and wrestle with reconciling
the health benefits toward some of the regulations on particulate
matter?

Mr. GRAY. There are two parts here. One is that we, as EPA, re-
view the scientific information that is available to us to help us un-
derstand the appropriate levels that inform the judgments about
the appropriate levels of air quality standards, we use information
from around the globe. We use research that is done in the United
States, Europe, and North America. We tend to focus on certain
areas, partly for technical reasons. There is better monitoring data
in the United States than in Canada, or monitoring is done dif-
ferently than it is in other parts of the world and interpretation
can become a little tricky.

We work with international experts. We work with international
data to try to inform our decisions, to bring the best information
to bear. In implementation, we do have to think about the fact that
some of these pollutants can travel a very long way, when we think
about how we control them.

Senator CHAFEE. Any countries in particular really leading the
way, that we work more closely with? Or are we more on the fore-
front?

Mr. GrAY. Well, I don’t know that I can speak to that very au-
thoritatively, though I will say that in many cases we do think
about international transport of pollutants, and we have efforts
under way in EPA to help reduce the pollution that comes out of
power plants in China because we know that that can affect air
quality in the United States. So we are thinking about the global
environment and trying to transfer some of the practices that we
have to other countries not only to benefit them but to benefit us.

Senator CHAFEE. Again, I don’t want to put you on the spot, but
I am just curious. Are there any other countries that have stricter
standards than we do?

Mr. GrAY. There are countries that have mixes of standards
some parts of which are stricter than ours, and some they are not.
In some parts of the world, even in some parts of this country, they
may have standards that are very strict, but the rules for imple-
mentation are not as strict. When we set a rule, we mean it and
it is going to mean something. That is not always the case; for ex-
ample, the World Health Organization has set a standard that is
stricter than ours, but it is completely aspirational and has no
teeth to it.

Senator CHAFEE. Can we learn from some of the economic im-
pacts from those stricter standards?

Mr. GrAY. Again, because many of them are not being imple-
mented, because they are aspirational, it is hard to learn. If there
are opportunities to learn, we will use them. As I said, we take our
requirement for doing a Regulatory Impact Analysis very seriously.
We want to make sure that we inform the Nation and you and any-
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one else who is interested in it, of the costs and the benefits of
these actions that we take.

Senator CHAFEE. OK, thank you.

On another subject, does the science dictate that the Adminis-
trator, I think this is following up on Senator Lautenberg’s ques-
tion, dictate that the Administrator choose a specific number in set-
ting the particulate matter standards? Does the Administrator
have some leeway?

Mr. GrAY. It is my understanding—and again I am a toxicologist,
not a lawyer—that in the Clean Air Act recognizes that in fact, set-
ting a National Ambient Air Quality Standard is a judgment on the
part of the Administrator that considers the science, scientific ad-
vice, and a variety of other factors. So in fact setting a national am-
bient air quality standard is a judgment. In the Office of Research
and Development, we do our very best to make sure that he has
an accurate, unbiased characterization of the science to inform that
judgment.

Senator CHAFEE. Thank you, gentlemen.

Thank you, Mr. Chairman.

Senator VOINOVICH. Senator Clinton.

Senator CLINTON. Thank you, Mr. Chairman.

Mr. Gray, in your testimony you said that EPA has spent $500
million since 1997 to improve our scientific understanding of the
health impacts of particulate matter. Now, it is my understanding,
based on all of this research that has been conducted since 1997
and the extensive review that the research has received from out-
side experts, as well as the public, that there is a consensus.

Let me ask you, does EPA have significantly more confidence
now that current levels of PM are responsible for very serious
health effects, including premature death?

Mr. GRAY. When we look at the science that is available to us,
especially that which has been developed since the last evaluation
of the standard in the late 1990’s, I can say that there is better
causal evidence linking particulate matter to a range of adverse
health effects. The understanding of the levels at which that hap-
pens is much less clear.

Senator CLINTON. Right, but we actually know more today about
the causal effects than we did in 1997. Is that correct?

Mr. GrAY. Based on what we have learned from epidemiology,
from studies in people, from toxicology, it is believed we have a bet-
ter understanding of the causal relationship, yes.

Senator CLINTON. What I am confused about is that given our
understanding of the causal effects, which is greater than it was
in 1997, given the recommendations from CASAC and others, in
your proposed rule, EPA itself said that risk assessment was too
uncertain for standard-setting purposes. What is the basis for that
assertion?

I know that we are searching for the best way to implement a
rule that does take into account the scientific evidence, particularly
the causal connections, so how did EPA reach a different conclusion
than all of the other experts who have reviewed this matter?

Mr. GrAY. I think an important point is that EPA doesn’t come
to a different conclusion on this issue of causality, is there a rela-
tionship between particulate matter and adverse health effects.
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Where there is uncertainty and where the Agency felt there was
too much uncertainty to rely upon the risk assessment for setting
a standard is in the ultimate understanding of the strength of
those relationships and the levels at which the effects occur.

Senator CLINTON. Well, then may I ask you, because we are lim-
ited, this is a very frustrating experience asking difficult question
in 5 minutes, but may I ask you then, why wouldn’t our Govern-
ment err on the side of health? If there is an uncertainty of the
mechanism, why wouldn’t we go with the stricter standard as rec-
ommended by the weight of scientific evidence?

Mr. GrAY. I think I would echo your final sentence, that is the
importance of the weight of scientific evidence. What we have done
in our proposed rule is lay out what we think the scientific evi-
dence is for the standards that we proposed. We asked for further
comments, recognizing that others, reasonable minds can differ on
this very large and very complex body of information. We have
asked for comments. We have asked for further information, and
that is all going to play a role in the final judgment of the Adminis-
trator for the final standard that will be coming out in September.

Senator CLINTON. Mr. Gray, may I also ask you, have you or any-
one on your staff had contact with or from anyone in the White
House concerning this proposed rule?

Mr. GrRAY. In the preparation of the science here, the work that
we do in the Office of Research and Development has been done in
a completely public and open way through the CASAC process. All
of our CASAC meetings are open to the public. All of their delibera-
tions are public.

Senator CLINTON. I know, but have you or anyone on your staff
had any contact with or from anyone in the White House with re-
spect to this proposed rule?

Mr. GrAY. I can speak for myself and say that I have not. In
terms of the science here, I cannot speak for my staff. I don’t know.

Senator CLINTON. OK. But when you say in terms of the science
that is a blanket denial of any contact whatsoever from or through
the White House?

Mr. GrAYy. It is important to recognize, and I have said this——

Senator CLINTON. Can you answer that yes or no?

Mr. GrAY. These are very important standards and that there
are interagency reviews.

Senator CLINTON. Mr. Gray, I just want a yes or no answer.

Mr. GRAY. Our scientific information is in our hands.

Senator CLINTON. I know, but you haven’t answered my question.
Have you or anyone on your staff had any kind of contact with
from or through the White House with respect to this proposed
rule?

Mr. GrAY. In respect to the proposed rule, yes, of course we have.

Senator CLINTON. OK.

Mr. Chairman, could we get further information about this? I
asked because, again, I go back to the very difficult experience I
had after 9/11 when it became clear that the White House was di-
rectly interfering with the EPA scientific assessments and the pub-
lic information provided to my constituents. I think that this com-
mittee deserves to know what, if any, kind of contact, pressure or
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other relationship exists between the White House and the EPA
with respect to this proposed rule.

Senator VOINOVICH. I would like to comment that I was just con-
cerned about that as you are. I would really like to discuss that be-
cause I was not aware of the fact that the White House had had
anything to do with whatever they came out with after that. I
know one thing, that when Joe Albaugh came before this com-
mittee, no one seemed to know what was going on, and that was
one of the things that disturbed me. That is why our legislation is
so important. The President can move in and immediately deter-
mine what folks are exposed to.

I do not see that there is any problem with it, that we look into
that. I would be surprised if there wasn’t. I suspect once you are
done with this, don’t you have to submit it to OIRA to look at the
cost-benefit analysis at OMB?

Mr. GRAY. As I said, with our proposed rule, there is clearly con-
tact with the other parts of the executive branch.

Senator VOINOVICH. I think if you talk about the official contact,
I think it is reasonable that we get an answer to that question.

Mr. GRAY. There is an interagency process that we use with all
of our rulemakings.

Senator VOINOVICH. Why don’t you share it with us, OK? Then
I think we will feel a lot better about it.

Mr. GraY. Certainly.

Senator VOINOVICH. Respond to Senator Clinton’s concerns.

Senator CARPER.

Senator CARPER. Thanks, Mr. Chairman. Mr. Chairman, let me
ask a first question of you. Do you recall several years ago when,
maybe 3 or 4 years ago when Governor Whitman was EPA Admin-
istrator that you and I collaborated on a proposal calling for the es-
tablishment of a position within EPA?

Senator VOINOVICH. Here it is.

Senator CARPER. The Deputy Administrator for Science and
Technology. There you go. You may have been talking about this
when I was out of the room.

Senator VOINOVICH. No, we didn’t talk about it. Why don’t you
talk about it?

[Laughter.]

Senator CARPER. We had this notion, silly notion that maybe we
ought to have somebody who was pretty senior within EPA who
would be part of the top dog for science and technology. It is an
idea that was not warmly embraced by EPA and maybe by the Ad-
ministration. We introduced it as legislation and not a whole lot
has come of it, but I am still interested. I know Senator Voinovich
is still interested in making sure that we are making decisions that
are based on good science.

Let me just follow it up by asking you to talk a little bit more
with us about CASAC, this Clean Air Scientific Advisory Com-
mittee. Just start out by saying, who are these people?

Mr. GrRAY. CASAC is actually called for in the Clean Air Act, and
its base is a seven member panel of experts with the requirement
for one member to be a physician, one member to be from the Na-
tional Academy of Sciences, and one member to be from a State
pollution control Agency. Then it is filled in with nationally recog-
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nized experts to help to provide advice to the Agency on ambient
air quality standards.

On any specific standard, whether it is particulate matter, ozone,
lead or something else, the base group of CASAC is augmented by
topic-specific experts, again to help us in our evaluation, character-
ization, and presentation of the science.

Senator CARPER. Who selects or appoints these folks?

Mr. GrRAY. They are selected by the Administrator.

Senator CARPER. What is the criteria used, just roughly?

Mr. GRAY. Roughly, it is relevant expertise and knowledge.

Senator CARPER. They serve a period of several years?

Mr. GrAY. I don’t know the exact period. Yes, they serve for sev-
eral years.

Senator CARPER. OK, thank you.

Why should EPA, why should the Congress, frankly why should
anybody else heed the recommendations of the CASAC?

Mr. GrAY. Well, the EPA certainly values the advice of the
CASAC. It is very, very important to us. The current proposal on
National Ambient Air Quality Standards for particulate matter, for
example, our proposal for a daily standard is something that re-
flects very clearly the advice of CASAC. Advice from CASAC,
again, is one of the important factors that are weighed by the Ad-
ministrator in making the sort judgments that are made.

Senator CARPER. What are the other factors?

Mr. GRAY. There are a range of other factors, comments from
outside scientists, comments from others, the range of science that
is presented to the Administrator. All of these are going to be be-
fore the Administrator. When we proposed our standards in every
case, whether we were matching the recommendation of CASAC or
not, we asked for comment. We asked people to advise us on levels
that included everything that CASAC had recommended across a
wide range of different potential standards. All of those comments
and all of that information will be an important part of the factors
that are weighed by the Administrator in making a final judgment.

Senator CARPER. Just to understand this, the current standards
that exist are for annual, and there is a standard for daily expo-
sures. If my life depended on it, I don’t know that I could well ex-
plain what a microgram is, but I understand that the current PM
standard on an annual basis is 15 micrograms per cubic meter. On
a daily basis, it is 65.

Just explain that. As a toxicologist, I am glad that you aren’t a
lawyer for this question, but as a toxicologist and someone who
studied some science himself, explain that so that the lay person
can understand it.

Mr. GRAY. The numbers you are citing are the concentration of
particles that are in the air. These are particles that are all around
us right now. We can’t see them. In our monitoring system, we
suck air into a collector, put it on a filter, and measure it, and that
is how we learn about how much is there. That information plays
a role in our doing epidemiology, comparing the health effects in
populations with higher levels of exposure to those with lower lev-
els of exposure. It helps us to understand what happens when we
give animals exposure to this, to help us understand the mecha-
nisms by which adverse effects might occur.
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So these standards, these numbers are simply ways of identifying
a certain amount of this particulate matter that is in the air.

Senator CARPER. Again, drawing on your own expertise and
training as a toxicologist, could you describe for us how these
small, tiny pieces of matter, how they actually contribute to asth-
ma, how they contribute to chronic bronchitis, how they contribute
to heart disease or irregular heartbeat? How does it actually hap-
pen?

Mr. GrAY. That is one of the areas that we have learned much
more about in the last 10 years, partially through research that
has been funded by the Environmental Protection Agency. We
know that at certain levels of exposure, for example, levels that are
frankly higher than what we have in the air today, it can increase
the thickness of atherosclerotic plaques.

Senator CARPER. Say that again?

Mr. GrAY. Atherosclerotic plaques, atherosclerosis, the stuff you
worry about with cholesterol building up and making your arteries
get small. That can happen in mice. They are sensitive mice. They
are bred to be sensitive, but that can happen to them if they are
exposed to high levels of particulate air pollution. It is one example
of a study that has been done to help us understand how these par-
ticles may have their adverse effects.

Senator CARPER. My last question, Mr. Chairman, would be this,
we have our current standard, and I think you said the annual
standard is 15 micrograms. The CASAC had recommended I think
going down to anywhere from 12 to 14. EPA chose to stay at 15.
With respect to the daily standard, the current standard is 65. The
CASAC had suggested going anywhere from 25 to 40, and you have
come in at EPA at 35 micrograms.

You chose not to adopt or move toward the annual standard, and
you chose, or adjusted the daily standard. You went to the high end
of the CASAC recommendation. Could I ask why?

Mr. GrRAY. Again, these are judgments on behalf of the Adminis-
trator and they are laid out very nicely in our proposed rule with
the scientific reasoning behind each of the choices that were made.
But the important thing, and I want to emphasize this again, I
have said it a lot of times, we asked for comments about a range
of other potential standards to get information from the outside
community, from scientists, from the interested public about other
potential levels, and that is all going to play a role in setting the
final standard, and it will happen in September.

Senator CARPER. All right. Thanks very much.

Mr. Stephenson, sorry I didn’t get to you, but another day.
Thank you.

Senator VOINOVICH. I would like to thank both of you for your
testimony before the committee. Mr. Gray, I want to thank you for
your fine testimony here today, not an enviable position if you are
getting shot at from both sides on this one. So maybe that is good.
Thank you very much.

Our next panel will come forward: Dr. Roger McClellan who is
the Advisor for Toxicology and Human Health Risk Analysis, and
also is a CASAC, Clean Air Science Advisory Committee member;
Dr. George Thurston from New York University; Dr. Anne Smith
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from CRA International; and Mr. Dan Greenbaum from the Health
Effects Institute, which is jointly funded by EPA and the industry.
I would like to urge the witnesses to limit their testimony to no
more than 5 minutes. Your entire testimony has been inserted into
the record. We really appreciate your being here today. We look
forward to hearing what you have to say.
Dr. McClellan, we are going to start with you.

STATEMENT OF ROGER McCLELLAN, ADVISOR, TOXICOLOGY
AND HUMAN HEALTH RISK ANALYSIS

Dr. McCLELLAN. Thank you very much. Good morning, Mr.
Chairman and members of the committee. I appreciate this invita-
tion to present my views on EPA’s current review of the national
ambient air quality standard for particulate matter.

Since 1999, I have served as an advisor on issues related to air
quality, drawing on my more than 45 years of experience in com-
parative medicine, toxicology, and aerosol science and risk analysis.
In particular, my testimony draws on my experience serving on the
Clean Air Scientific Advisory Committee, which I chaired from
1988 to 1992, and service on all of the CASAC PM panels from the
late 1970’s to the most recent PM panel, as we moved from consid-
eration of total suspended particulates to PM;o to PM,s, and now
consideration of a PM,o» 5 standard.

I would like to make several points. First, I want to emphasize
there is no scientific methodology which can determine a specific
indicator, precise averaging time, numerical level, or statistical
form that will be adequate to protect public health. The available
scientific information can inform those decisions, however the Ad-
ministrator must ultimately use policy judgments in making deci-
sions on each of those four elements of the standard, drawing on
an array of scientifically acceptable options.

Two, I personally find acceptable the Administrator’s policy
choices for the PM standard as were published in the Federal Reg-
ister. Specifically, I find acceptable a proposal to reduce the 24-
hour standard from 65 to 35 micrograms per cubic meter, with a
98th percentile form. I found it acceptable in terms of science for
him to propose retention of the PM,s annual standard at 15
micrograms per cubic meter. With reluctance, I concurred scientif-
ically with the setting of a PM,¢ s indicator for the 24 hour aver-
aging time concentration set at 70 micrograms per cubic meter,
within a 98th percentile form.

I say with reluctance because the science base for that is ex-
tremely weak and uncertain. I would have preferred retention of
the PM, standard.

Third, it is important to recognize that although the criteria doc-
ument is hundreds of pages in length and compiling the results of
what we know in terms of the world of science about PM, at the
end of the day the key information for setting the standards are
the results of the epidemiological studies. That has been the basis
for changes in standards from a total suspended particulates set in
1971, to the PM;o standard set in 1987, PM,s in 1997, and now
consideration of this new PM,_> s standard.

So the current review focused on the PM, s indicator. Now, some
might have said, well, why didn’t we look at sulfates or elemental
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carbon or some particular chemical species? The fact of the matter
is we are chained to the “regulatory compliance lamppost” in terms
of monitoring data. You cannot conduct epidemiological studies un-
less you have the monitoring data. Our past obsession with moni-
toring that which is regulated has precluded the development of
the richer science base that really need to consider these options
in terms of speciation.

I am not optimistic that that is going to change. I can envision
us sitting here 5 years, 7 years from now and discussing, well, why
not for specific standards; why didn’t we perhaps preclude or set
outside of the standards on material, because it is very innocuous;
or why didn’t we focus on something in particular? In fact, we
won’t have the epidemiological data because I don’t think we are
developing adequate monitoring data.

Fourth, we can then turn to the question of toxicology. I am a
toxicologist. I am intellectually married to the subject, if you will.
We have exciting new methods at hand, but at the end of the day,
I have to say that our toxicology methods are simply too blunt and
yield results that can only be qualitatively extrapolated to the
human population. I know of no scientific method for using the re-
sults of the toxicology studies with PM, including those conducted
with specific chemical constituents, to develop quantitative numer-
ical standards that are the core of the PM NAAQS.

Fifth, we have heard some discussion about the issue of uncer-
tainty. I certainly, as a scientific colleague of Dr. Gray, am an en-
thusiast for trying to determine how we can bring our scientific in-
formation together and relate all of the uncertainties, so we can
have better informed policy decisions.

I want to comment on one aspect of that, and that is the use of
expert elicitation. That was covered in the GAO report. I served as
one of those five experts on the pilot expert elicitation. I hesitate
to say whether it is expert advice or expert opinion. It is a chal-
lenge when you are asked to present information. The answers that
are given can be heavily influenced not only by your knowledge of
the science, but your personal choices. All of us want quality life.
Well, how do we separate that from our judgment on the science?

I am concerned about the use of that expert elicitation advice,
and I certainly would urge the Administrator to use a high degree
of caution in using that in the regulatory impact analysis and in
making decisions on the standard.

Senator VOINOVICH. Dr. McClellan, could you finish up?

Dr. McCLELLAN. I am going to just wrap up with that and em-
phasize that one of the challenges we have today is separating out
people’s views on the science versus their views on the science
wrapped up with the policy and some desired outcome—the level
of the standard. I think in some cases, as individuals and profes-
sional groups have weighed in, they are weighing in not just on the
science, but the policy outcome they want.

I do think it is important to have a distinction between the
science and policy choices. In my comments on the acceptability of
the Administrator’s choices, I viewed the science options laid out in
the staff paper as acceptable, and he used his judgment in selecting
from among those options. I think that was appropriate.

Thank you.
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Senator VOINOVICH. Thank you very much for being here.
Dr. THURSTON.

STATEMENT OF GEORGE THURSTON, ASSOCIATE PROFESSOR,
NEW YORK UNIVERSITY, SCHOOL OF MEDICINE, DEPART-
MENT OF ENVIRONMENTAL MEDICINE

Dr. THURSTON. Good morning. I am George Thurston, a tenured
Associate Professor of Environmental Medicine at the New York
University School of Medicine, where my research involves the in-
vestigation of human health effects of air pollution.

I first wish to present for inclusion in the record letters from
many major medical societies and public health groups, including
the American Medical Association, the American Thoracic Society,
and the American College of Chest Physicians, the American Public
Health Association, the American Lung Association, the American
Heart Association, the American Cancer Society, and more. These
letters show the unprecedented support that exists for PM stand-
ards that are much tighter than EPA has proposed.

Especially note that they all agree that the science supports
tightening annual standards to no more than 12 micrograms per
meter cubed. If this were to be done, many thousands of premature
deaths could be avoided each year.

I also present a copy of Dr. Rogene Henderson’s letter from the
EPA’s Clean Air Science Committee, CASAC, urging that the Ad-
ministrator comply with their recommendations, with CASAC’s rec-
ommendations, to implement more stringent PM standards than
now proposed by the EPA.

Now, in my written testimony, I have addressed three factors
that need to be considered in the EPA’s proposed revisions to the
particulate matter air quality standards. First, I address the fact
that we are now far more certain, as discussed earlier, of the ad-
verse impacts and biological mechanisms of PM health effects. The
uncertainties raised at the time of the initial setting of the PM, s
standard are now greatly reduced.

As outlined in figure one, if someone could put that up, from my
testimony, the PM research funded since the setting of the last
PM, s standard has collectively shown the existence of numerous
biological pathways capable of causing damage to the human heart,
the lung, the nervous system and the circulatory system. This is
consistent with the health impacts found by the PM epidemiology
studies upon which the PM, s standard was set.

This has greatly reduced scientific uncertainty associated with
flhe 1n[}llechanisms by which PM has such severe effects on human

ealth.

Second, I documented reducing ambient PM levels can and do re-
sult in significant reductions in the mortality risk associated with
this pollutant. Since the setting of the original PM,s standard,
more recent follow-up analyses of the landmark Harvard Six Cities
and ACS studies have now considered longer records of time and
have confirmed and expanded the conclusions from these two major
studies.

As shown in figure two, an extended analysis of the Harvard Six
City study through 1990 has now shown that reductions in long-
term ambient PM pollution results in concomitant reductions in
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health risks associated with PM. Large reductions in PM at four
of the Harvard cities have resulted in likewise large reductions in
the relative risk of mortality in those cities. We see S, Steubenville,
where the pollution levels have come down, and so has the risk of
mortality from that pollution. In Harriman, TN, the pollution levels
have come down and the risk of mortality in that city has dimin-
ished as a result of the lower pollution. St. Louis, the L, has come
down similarly, and Watertown, right, Boston, has similarly come
down.

So the places where they have had improvements, we see that
lower PM, s lowers mortality. But I think it is important to say we
still have a long way to go, and a lot of improvement yet to be
made and benefits to be reaped from lowering the PM standard.

Finally, I show that the adverse health effects of PM air pollu-
tion extend below the PM, s standard of 15. A recent NIOSH-fund-
ed extension of the ACS study, of which I was a principal investi-
gator, strengthens the original conclusions of the ACS study, and
it importantly now links increased risk of lung cancer to long-term
exposure to PM, as shown here. As the pollution level goes up, the
risks of lung cancer rise, as do all cause and cardiopulmonary.

As seen in this figure, the risks from PM, s extend well below 15
micrograms per meter-cubed.

In conclusion, since it was the level of uncertainty about PM bio-
logical mechanisms and effects at concentrations lower than 15
micrograms per meter-cubed that limited the standard to that level
in 1997, and, I point out, not some specific acceptable level of
health risk from PM, and since new sound scientific studies have
greatly reduced or resolved those uncertainties, then concern about
the health of the public clearly indicates that the long-term PM, s
standard should now be reduced below 15, consistent with CASAC’s
advice.

And finally, I just want to point out that I was involved with the
actual expert elicitation that has just been finished. It is finishing
up under EPA. It is clear from the expert elicitation; I was shown
the results of all the experts at the final meeting in New Orleans
a few weeks ago. It is clear that the experts are, there is a con-
sensus that, the risk from fine particle is much higher than pre-
viously thought, and that expert elicitation gives us an estimate of
somewhere on the order of 1 percent decline in mortality per
microgram per meter-cubed of fine particles.

So we are talking about a very large reduction in health risk, if
you consider the fact that over two million people die every year
in the United States, a reduction of 1 percent in that would be
20,000 deaths per year. So we are talking about many thousands
of premature deaths that can be avoided by lowering this pollution.

I did want to respond to the question that you raised about asth-
ma, if I have a second. Do I have time to respond to that?

Senator VOINOVICH. Why don’t you bring it up in the question
period.

Dr. THURSTON. OK, we will talk about it then.

Well, thank you for this opportunity to testify.

Senator VOINOVICH. Thank you.

Dr. SmiITH.
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STATEMENT OF ANNE SMITH, VICE PRESIDENT, CRA
INTERNATIONAL

Dr. SMITH. Mr. Chairman, thank you for inviting me to partici-
pate in today’s hearing. I am Dr. Anne Smith. I am a Vice Presi-
dent, CRA International.

I have been analyzing the risks and policy options associated
with fine particle standards for over 10 years. The opinions I will
present today are my own and not those of my company, CRA
International.

When EPA set the first ever national ambient air quality stand-
ards for PM, s back in 1997, in the face of substantial knowledge
gaps at that time, it presumed that fine particles do have a causal
relationship with public health. The law then required that stand-
ards be set for that PM, s at a level that would protect the public
health with an adequate margin of safety.

The courts ruled that the current standards they set did indeed
provide that adequate margin of safety. EPA and the courts have
also made it clear that that margin of safety does not eliminate es-
timated risk. Today, EPA is deciding whether new evidence accu-
mulated since 1997 justifies tightening these standards. In both
1997 and now, EPA prepared a quantitative risk analysis using the
available health studies. EPA says this is to help decide whether
to tighten the standard. As I will show, it can help with this.

However, if you take the position that the PM, s standard has to
be tightened just because the risk analysis produces a body count
at the prevailing standard, you will find yourself having pre-de-
cided to tighten the standard in every future review cycle, even if
the evidence never changes in the interim. This cannot be what
Congress intended.

In thinking about whether to tighten the standard, the more ap-
propriate question to ask is: Has anything changed in our knowl-
edge that would undermine the Administrator’s 1997 judgment re-
garding the adequacy of the margin of safety? Having a large num-
ber of new studies today, having successfully reanalyzed the stud-
ies we had originally, and even having some evidence of a still elu-
sive biological mechanism, all fail to provide a justification to tight-
en the standard. They merely confirm that a standard is needed in
the first place, which was the judgment made in 1997.

However, one could justify tightening the standard if the new
evidence that I have just spoken of indicated that risks at the at-
tainment level of the current standard have increased since 1997.
To test this, I went back to my 1997 files to construct a comparison
of EPA’s estimates of mortality risks on a then and now sort of
basis. I found that the estimates of mortality risk at the attain-
ment level have actually fallen since they were first estimated in
1997.

Risks due to long-term mortality have fallen in every location.
The risks due to daily exposure, which vary by city, have fallen in
six of the eight cities that are in EPA’s risk analysis. This new in-
formation suggests that the margin of safety provided by the cur-
rent standards is actually greater than we originally thought.

What I have told you so far is based entirely on EPA’s own point
estimates of risk. However, it is worth looking more closely at those
estimates and the basis for them. Every one of the new epidemio-
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logical studies actually contains multiple alternative risk estimates.
Sometimes there are dozens of them within a single paper. Which
one is best? Which one should be used in the risk analysis? The
Health Effects Institute has pointed out in the face of this issue
that there is no gold standard for deciding this.

When I reviewed the full body of evidence in each paper that
EPA used for its risk analysis, I went back to the original papers,
I noticed that EPA had consistently selected the highest risk esti-
mate or nearly the highest one from each of the papers. Therefore,
EPA’s risk estimates overstate what the full body of evidence sup-
ports today.

The evidence on fine particle risks has weakened in a number of
other ways. Several of EPA’s own point estimates today of the risk
are not statistically significant. What this means is that behind the
purported body count that comes out the risk analysis there is also
actually a rather large probability of no health impact at all associ-
ated with that very same estimate. I found that none of the risk
estimates for any of the eight cities in EPA’s risk analysis remains
statistically significant across all of the reasonable estimates in
those papers.

This body of new evidence has also substantiated some of the
concerns that were raised in 1997 that fine particles may be a
scapegoat, while the real villain hides behind a veil of statistical
uncertainty. The only clear trend in the new evidence has been
that the estimated levels of risk that are being attributed to fine
particles are lower than originally thought.

I would like to conclude by saying that we still have no idea of
which constituent of PM,s, if any, is the culprit underlying this
complex body of evidence. Even if the risk estimates are good, cor-
rect risk estimates, by regulating this generic mass of many com-
pfgunds that is PM, s, we may gain little if any public health ben-
efit.

Thank you for this opportunity to share my views on this impor-
tant topic.

Senator VOINOVICH. Thank you, Dr. Smith.

Dr. GREENBAUM.

STATEMENT OF DANIEL GREENBAUM, PRESIDENT, HEALTH
EFFECTS INSTITUTE

Mr. GREENBAUM. Thank you, Mr. Chairman. It is a pleasure to
be back in front of the committee. I thank you for the opportunity
to testify.

I am the President of the Health Effects Institute, which as you
know is an independent research institute funded jointly by the
EPA and industry to provide high quality, impartial science on the
health effects of air pollution.

I am going to focus today on the science progress we have made
since 1997, the most recent findings on the relationships between
different ambient concentrations of PM and health, and key science
needs going forward.

Since Congress identified the need for substantial enhanced re-
search in 1997, much progress has been made. We know much
more about the sources of fine particles and about personal expo-
sure. We have conducted the first multi-city epidemiology studies
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and analyzed and reanalyzed many of these studies, finding that
in general the earlier studies were well done.

At the same time, there has been some evidence that the health
effects we have seen in those earlier studies may in some cases be
smaller. Unlike in 1997, we now have a number of toxicology stud-
ies that have begun to indicate potential biological mechanisms by
which PM may cause health effects, although as always there is
still much more to learn.

Among the most important questions addressed in recent years
is whether exposure to PM has health effects at all levels, or
whether there is a threshold below which no effects are expected.
This question is central to setting the level of the NAAQS. This has
been looked at in both short-term and long-term studies. Perhaps
the most rigorous short-term study conducted since 1997 is the Na-
tional Morbidity, Mortality and Air Pollution Study, which was
funded by HEI and led by Johns Hopkins. That study examined
daily changes in air pollution and health in the 90 largest U.S. cit-
ies.

As shown in figure one in my testimony, the study found that
there appeared to be a linear relationship between mortality and
air pollution for all causes of mortality and for deaths from heart
and lung disease without an apparent threshold. Our review com-
mittee, which intensively peer-reviews all HEI research, advised
caution in drawing conclusions from the apparent absence of a
threshold, but noted that the reported associations in the study are
at ambient concentrations well below the current U.S. daily stand-
ard.

There were two principal long-term studies in 1997, the Harvard
Six Cities and the American Cancer Society study, and there have
been some additional studies since, but attention has primarily fo-
cused on HEI’s reanalysis of these two and on extended analysis
in the ACS population.

For the reanalysis, we gained access to all underlying data in the
studies and chose independent investigators who tested the original
studies against a wide variety of alternative explanations. The in-
vestigators also conducted an analysis of the concentration re-
sponse and figure two in my testimony presents the results, sum-
marizing for each community the annual air pollution level and the
risk of death due to heart and lung disease. As you can see, there
is some scatter of effects. It is not all in a straight line, especially
at the highest and lowest PM levels studied, but also an overall
trend of increasing mortality risk with increases in pollution levels,
starting at relatively low levels.

Following the reanalysis, the original investigators for the ACS
study conducted an extended analysis of the data, which Dr. Thur-
ston has mentioned and participated in, and found similar results.

While we have made much progress, there continue to be, as
there always are in science, important questions. Two key areas
are: First, we need continuous improvement in the statistics used
in epidemiology to better test the sensitivity of the results, to quan-
tify the uncertainty, and to communicate both the results and the
uncertainties clearly.

Second, no other question will have as much impact on future
regulations than determining whether some components of the
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complex mixture of PM are more toxic than other components. Ulti-
mately, this data will be essential to ensuring that regulations are
targeted at reducing those emissions which will have the most pub-
lic health benefit at the least cost.

This has also become important in light of the current proposal
for a PM NAAQS for coarse particles, which is proposed to exclude
certain particles from regulation. There have been some individual
city studies of this question, but no systematic national effort to
compare results from both epidemiology and toxicology. To fill that
gap in time to inform a next round of PM NAAQS review, HEI has
launched, with support from both EPA and multiple industries, a
set of systematic multidisciplinary national studies.

As indicated in both the NRC review of PM research priorities
and in today’s GAO report, these PM component studies will be
central to ensuring that future PM actions are the most effective
possible.

I might add that while I obviously have the utmost respect for
Dr. McClellan and take his skepticism that we can answer this
question as a true challenge, as a long-time Boston Red Sox fan
and a hopeless optimist, I enter this challenge with the hope that
we can, if we all put our minds to it, answer this question of which
components much better 5 or 6 years from now than we can today.

Thank you for this opportunity to testify. I would be pleased to
answer any questions you might have.

Senator VOINOVICH. I want to thank all the witnesses for your
testimony this morning.

Before I start the questioning, Chairman Inhofe asked that I in-
sert testimony for the record from Dr. Borack on the issue of coarse
particulate matter. Without objection, we will do that.

[The referenced Testimony can be found on pages 171-187.]

Senator VOINOVICH. Mr. Greenbaum, as you know, there is an
ongoing debate about whether EPA must lower the annual stand-
ard. We talked about it last week, and this week we are trying to
get some of you that are smarter than we are in the scientific area
to give us your best thoughts.

Your opinion is invaluable in this debate as an entity that sits
squarely in the middle. You are funded by both industry and the
EPA. Clearly, the statute says the standard shall be set, “in the
judgment of the Administrator.” In your opinion, is it reasonable
from a scientific and health perspective for the Administrator to re-
tain the annual standard at 15 and not lower it?

Mr. GREENBAUM. Well, Mr. Chairman, I appreciate that that is
the $64 million question at this hearing. I tried to present the best
view of the science that we at HEI can give you on that question.
While the dose response or the relationships going down to the low-
est levels are very clear for why we are tightening the daily stand-
ard, they are strong, but not as clear, for the long-term studies, as
shown in the data I presented.

There is evidence with cities showing reduced effects as you go
down below 15 micrograms per cubic meter. I think it is exactly in
that area where there is some certainty about these results, but
where the Administrator has to make a policy judgment about
whether that is certain enough to require additional actions. As Dr.
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McClellan said, there is really no scientific method even that HEI
has that could set that.

I should add that we at HEI, since our inception, have never
taken a position on a specific standard because of the clear concern
that such a position would be viewed as therefore biasing any of
our future science. So we don’t take positions on this. We don’t ad-
vocate. The science is definitely stronger on the concentration.

Senator VOINOVICH. The question is, is it reasonable?

Mr. GREENBAUM. I think I am going to have to leave that to the
Administrator to make that judgment. I think that there is evi-
dence that we didn’t have in 1997 of effects still continuing below
15. But whether that is enough evidence to make a call for a reduc-
tion in the standard is a public health policy judgment, not a sci-
entific judgment.

Senator VOINOVICH. Dr. Smith, what is your opinion?

Dr. SMITH. The way to think about setting the annual standard
is to look at the chronic health studies. The chronic health studies
have been the ones that have been found to have FE.

Senator VOINOVICH. What studies again?

Dr. SMITH. I am sorry. Chronic health studies, which are studies
of long-term exposure to PM, s so they are more relevant to meas-
ures like the annual standard and annual average, rather than to
a day to day peak, which is the daily standard. So the studies that
look at the long-term exposure of PM, s with mortality are the ones
that are in question for whether we need to tighten the annual
standard. Those studies are some of the most difficult ones to prop-
erly control for in statistical methods.

What we found in the reanalysis that Dr. Greenbaum’s organiza-
tion performed is that in fact when reanalyzed with alternative
methods of control, the estimate gets more and more insignificant
as additional factors are brought into play such as SO,. SO, when
added into the analysis causes the PM, s health effect to become in-
significant, issues that are complex statistical issues, and I will use
a technical term, spatial autocorrelation, are problems if you have
those in the analysis. They were found in the health effects studies
for long-term standards and when controlled for, the effect becomes
statistically insignificant, again meaning a very large probability
that there may be no effect at all.

So the evidence has weakened since the standard was set at 15
micrograms per cubic meter based on that data set. I will also say,
when that standard was set, there was evidence of effects below 15
in that data set. That hasn’t changed. That is not new information.
So while the analyses have held up to reanalysis and been con-
firmed that you can find this sort of correlation in the long-term
studies, they are much weaker in terms of how well you can make
a causal interpretation of them.

Another very important finding that came out of the Health Ef-
fects Institute’s reanalysis is that in fact if you break the popu-
lation that the data, if you break the cohort that is being studied
into three groups, different educational levels, and you look at the
group that has even 1 year of education beyond high school, which
is what good deal of our population has, there is no effect at all.
It is gone. It is not in that analysis.
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So the effects are very dependent, the effects that are being pur-
ported and attributed to PM, s out of that study are now known to
be very dependent on whether a person has had any education be-
yond high school or not. That relationship is found in all the stud-
ies.

Senator VOINOVICH. What does that mean?

Dr. SmiTH. It suggests that there is a missing variable in the
equation, basically. We know that education does not in itself make
somebody more or less susceptible to exposures to fine particles,
but there may be something.

Senator VOINOVICH. Does this mean that the people that are 1
year in high school live out in the suburbs and others live in the
urban area and are more impacted by this?

Dr. SMITH. It may have something to do with the poor evidence
on what they are being exposed to. It may be something about life-
style that actually creates risk for them that the PM, s is picking
up on, but isn’t really exacerbating. It is just serving as another
thing, a scapegoat.

Senator VOINOVICH. Let me ask you something. If I am a smoker,
and please forgive me if these are elementary question, but if I am
a smoker, am I more subject to fine particle PM than if I am a non-
smoker?

Dr. SMITH. I actually am not quite sure how that relationship
works out in the study, but they have controlled for smoking in the
relationship. Certainly, smoking is related to educational level, but
smoking was controlled for when they did this analysis of whether
there was an effect at different educational levels. So the correla-
tion between smoking and educational level is not the education for
what is going on there. It means there is something totally dif-
ferent at play.

Until you find out what that problem is, through more study,
more research, and it can be done, until you find out what that
problem is that explains this unexpected and bizarre result, you
don’t have an unbiased estimate of what the risk is. It could be
larger or it could vanish, the PM, s risk, that is.

Senator VOINOVICH. OK. In terms of the particulate matter,
again, we are trying to reduce NOx and SOx, mercury. When they
do the analysis of the particulate matter, they just segregate that
out and you don’t take into consideration the impact that NOx or
SOx. Or does particulate matter have something to do with NOx
and SOx?

Dr. SMITH. The results that are being used in the risk analysis
do not account for SOx or NOx or any of the other pollutants and
whether they may have an explanatory role, too. As I said a minute
ago.

Senator VOINOVICH. In other words, when you are doing the, I
always have a tough time with that word, epidemiologist do the
studies, OK, the fact is that they are just looking, they are trying
to figure out just what the particulate matter is. They don’t take
into consideration that I am exposed as a person to both NOx, SOx,
particulate matter, mercury and the rest of it, and somehow they
are able to pull out and say these particulate matters are the
things that are really contributing to morbidity.
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Dr. SMITH. As I was saying, the mortality, as I was saying, the
estimates that are being used right now to estimate risk from
PM, s only consider PM, 5. However, the studies in the many, many
other results that are in these papers look at other formulations,
other methods of doing the estimate that put the other pollutants
in to the model as well and try to understand which pollutant is
it. Does one of them explain the effect that we are seeing for PM, s
when that is the only one in the model? Is there another pollutant
that could explain it better, when we put them both in the model?

What is found in study after study after study when this is done
is that the PM,s effect goes away, becomes statistically insignifi-
cant is what I mean. The other pollutant that is in the model that
is being explained by the analysis at the same time retains its sta-
tistical significance. I looked at all the PM,s short-term studies
that I could find that did this analysis, this type of two pollutant
analysis. I found that the vast majority of them had the PM, 5 ef-
fect that was statistically significant if it was the only one in the
model, become statistically insignificant when one of the gaseous
pollutants, and these included ozone, SO,, NOx, and carbon mon-
oxide. The same thing is going on in the chronic studies for SO..

Senator VOINOVICH. To get back to the original question. If the
Administrator, is it reasonable from a scientific and health perspec-
tive for him to retain the annual standard at 15 and not lower it?
Is it reasonable?

Dr. SMITH. Given the basis for the standard of 15, which was the
same chronic studies that I have just described to you, but before
we studied them and discovered some of the underlying uncertain-
ties in them, and given that the risks are lower now based on the
new evidence using their point estimates, it seems quite reasonable
to say that we haven’t learned anything that says that that stand-
ard has a smaller margin of safety than it had when the standard
was set.

Senator VOINOVICH. So you would say that if he did it, it would
be reasonable.

Dr. SMITH. That could be reasonable.

Senator VOINOVICH. May I ask another question? In terms of sul-
fur and NOx, in terms of public health, and particulate matter,
which is the worst?

Dr. SMITH. Between sulfur and NOx SO, and NOx

Senator VOINOVICH. Sulfur dioxide or NOx, if you were able to
reduce those substantially, in terms of public health, which one of
those is the worst?

Dr. SMITH. I really cannot say.

Senator VOINOVICH. I would be interested in all of you.

Dr. SMITH. I just don’t know. I have not actually done a relative
analysis of SO, and NOx.

Senator VOINOVICH. Well, has anybody done an analysis at the
table? Dr. Thurston, you have been around a long time. You have
tesgiﬁed a lot of times before this committee. Do you have an opin-
ion?

Dr. THURSTON. Well, yes, I would like to respond to a few things
that were just said, including that.

Mr. GREENBAUM. Senator, I realize you are going to go through
everybody, but I would like, since it was HEI who conducted the
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reanalysis I would like to have the opportunity to clarify for the
record what we did conclude.

Senator VOINOVICH. Get your mike there, please. Go ahead.

Mr. GREENBAUM. I'm sorry.

Senator VOINOVICH. OK, go ahead.

Mr. GREENBAUM. I just want to, and I don’t mean to take away
from Dr. Thurston, but I did want to clarify what the HEI reanaly-
sis of the long-term studies in effect did and didn’t find, because
there has been some degree of confusion just thrown into it unfor-
tunately by Dr. Smith’s comments.

First of all, I think everybody can in this process pick their favor-
ite study and their favorite result from the study and try to empha-
size that, so they can emphasize the one that has multiple pollut-
ants in it and say there is no effect, or they might emphasize the
one that has no other pollutants but PM in it and say there is a
big effect of PM.

Our Review Committee, in our review of the reanalysis—this
very intensive look these studies—had to look across all of the
analyses to figure out which ones were the right ones, which ones
were the wrong ones, which ones were statistically stronger or
weaker. While, of course, that group of scientists identified con-
tinuing questions for those studies, we did find as strength of the
evidence that the effects of PM were robust to a number of anal-
yses that were done.

We also found for the first time a strong effect of sulfur dioxide
in that, although our committee, and this is in partial answer to
your question, did not think that sulfur dioxide itself could be at-
tributed to doing that, based on toxicology information, but that it
might be a marker for something else in the air that would travel
with it, but we are just not measuring that, and therefore we don’t
have information about that other substance.

The reanalysis definitely found, after test after test after test,
stronger results from those studies, with some continuing ques-
tions. We certainly had that.

Second, on the question of education, and how education modifies
the results, certainly there was a stronger result shown for those
with the least education in terms of increased mortality. We do
largely view educational levels as one marker for poverty or socio-
economic status. We know that poverty and socioeconomic status
themselves can have effects on health. People can have less good
medical care, less good nutrition, and a number of other things
that shorten their lives. We know that and our reviewers certainly
understood that as well.

In that analysis, in the reanalysis, however, when you looked at
heart and lung disease deaths, which is not what Dr. Smith put in
her testimony, you still see some effect in everybody else in the
population. That effect was marginally statistically significant, but
still there. Our investigators, our reviewers felt two things, that:
One, that there was a continued effect at these different levels,
with the strongest effect being that those with the least education
and probably least socioeconomic status, and that might be because
of higher exposures, less access to air conditioning, and a number
of other things that would increase the effect.
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Two, they also did note that no study is perfect, so there prob-
ably is still, somewhere in there, some continued confounding
where the results are showing an effect of being poor, but they
didn’t suggest that that explained the whole effect. I just wanted
to clarify that.

And then they did test all of the pollutants in the reanalysis, in-
cluding nitrogen oxides and sulfur dioxide and ozone. Sulfur diox-
ide was the only one that showed effects and had any effect on the
PM results. As I said earlier, they thought that was important to
understand. They understood that we need to do more work on
that. They weren’t sure that it was the sulfur dioxide. In fact, the
sulfur dioxide might have been a marker for other types of par-
ticles that are coming along with the sulfur dioxide, not the gases
themselves. There could, for example, be metals that come out of
the same sources.

So I thank you for the opportunity. I just wanted to clarify what
our reanalysis did say, and obviously the full report was actually
presented to you at an earlier hearing.

Thanks.

Senator VOINOVICH. Dr. Thurston.

Dr. THURSTON. Yes, thank you.

Before we start out, you were noting that Dr. Greenbaum is be-
tween Government and industry. I just want to point out that I
represent, I think, a disinterested party. I am a tenured professor
at NYU. My salary is paid by NYU. I don’t do consulting for the
vested interests involved here. So I feel that my testimony should
be viewed as a disinterested party, not an uninterested party, but
a disinterested party.

I have to agree with Dr. Greenbaum’s discussion of the SO, and
the HEI reanalysis. SO, it is clearly stated. You know, I think that
unfortunately what Dr. Smith has done here is exactly what she
accuses EPA of having done. She has cherry-picked certain results
that support her position and unfortunately hasn’t looked in a bal-
anced unbiased way at this question.

Senator VOINOVICH. Can I ask you something?

Dr. THURSTON. Yes.

Senator VOINOVICH. What is it that contributes to the particles?
You have coarse particles, you have fine particles. We are becoming
more concerned about fine particles. I know I have been at the Uni-
versity of Cincinnati, the Children’s Hospital down there. They are
doing a study of diesel fumes on urban kids——

Dr. THURSTON. Yes, I have done that myself.

Senator VOINOVICH [continuing]. The development and so forth.
But we are talking about the things that cause the particles. Is it
basically emissions from automobiles? What is it? What is the
cause of this?

Dr. THURSTON. On that question, you made a good point, you
know, that these are oftentimes markers. I think the SO, being a
marker of largely power plant pollution in the United States; NOx
being largely a marker of traffic. It is very likely, actually, that
that SO, in the ACS study, because I have done some of this anal-
ysis, of course, as being PI of the NIH-funded portion of that, that
the SO, is a marker for power plant pollution, and that contribu-
tion to mortality.
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It depends on the health outcome you are looking at and where
you are.

Senator VOINOVICH. The particulate matter we are talking about,
you know, what is the biggest source of particulate matter?

Dr. THURSTON. Well, there are different types, and I think what
we are wrestling with is: Which effects are caused by which types?
But I think it is safe to say if you lower the fine particle levels,
you are going to better protect health. So the standard is nec-
essary. It is appropriate. As we learn more, we may be able to re-
fine that further.

Senator VOINOVICH. Just for example, we are trying to make
things better, and we are going to set a standard. Well, somebody
is going to have to meet a standard, but if you were going to meet
the standard, do you do that by reducing diesel emissions? Or what
is it that is going to have the biggest impact on, if you assume
what you are saying, that fine particle matters are bad and if you
set it at 12, everybody’s going to live longer than if you have it at
15, what is it that you have to do in order to make sure that you
don’t expose people to these things?

Dr. THURSTON. Well, I think that is going to vary depending on
where you are. If you are in Los Angeles, I think traffic would be
a good thing to try, the pollution from traffic. If you are in the
Northeastern United States, power plants are a big problem there,
but not so much in Los Angeles.

So I think that the States will implement controls on the pollu-
tion problems that are the largest. I think as we go on, I mean, this
is going to take us 20 years before we are finished with this proc-
ess, in reality, of meeting the standard that is set. So as we go
through it in that time, we should be able to provide the kind of
research that HEI is funding, that EPA is funding. In 5 years, I
think we will be able to give you a better answer. As the States
move to the implementation phase, they will have that information
about the sources.

Senator VOINOVICH. But the answer that they come up with is
that at 12 it would have a major impact on the economy of this
country and the environment in various places. There is just no
question about it.

Dr. THURSTON. But it would have major benefits, health benefits
of lowering it to 12. I agree with that. The past has shown that en-
vironmental controls are not a big problem economically. We have
been able to. We have other problems with economics, as you are
well aware.

Senator VOINOVICH. Dr. Thurston, let me tell you something. I
am a former Governor of Ohio, OK. The first thing I did was try
to get my counties into compliance with the current ambient air
standards because my businesses told me they weren’t going to ex-
pand, and we knew from an economic development point of view
that those counties that weren’t in attainment wouldn’t even get
smelled by businesses that we were trying to bring to our State.

Today, with the new rule, we have a number of counties through-
out the United States that are not compliant with particulate mat-
ter. They have this stamp on them: don’t expand, cost you more,
don’t go there, cost you more. If we reduce the standard from 15
to 12, and there are going to be a whole lot more of those through-



42

out the country, it will have an impact on the economy of those re-
spective communities.

Now, that is not supposed to even be paid attention to, so they
can’t do it, but it seems to me that we have a lot of speculation
going on whether it should be 15 or 12 or 14, that we ought to be
pretty sure, pretty certain about some of the conclusions that we
come to.

I have a problem, that I am just wondering about, you know, the
budget, the monitoring budget, the $17 million. Senator Carper and
I have been trying to get them to have an Assistant Administrator
for Science in the EPA. Does the EPA have the brains and the peo-
ple to get the job done?

Dr. THURSTON. I can’t answer that one. But you know, I think
the last time we spoke, we both agreed that we as a country need
to set a standard for the rest of the world, and we need to develop
the technology to meet these standards and then sell it to the rest
of the world.

Look at China. The pollution problems there are huge. That is
a huge market for the United States. If we develop the control
technology here first, if we confront this problem first, we can then
turn lemons into lemonade, if you want to view it that way. We can
be first to clean the air, and sell that to the rest of the world. We
agreed on that, as I recall, the last time. I think it is time we got
on with that process.

Now, to get back to the issues, this education question. Being one
of the authors of this, we have looked into this. I agree with Mr.
Greenbaum on this. I just would like to point out, one of the things
we have looked at is the migration question, and that is that people
of lower income tend to not move out of their MSA. They are not
highly mobile. We looked at the data and they tend to stay exactly
where they are year after year after year.

Whereas higher educated people are much more mobile, and that
makes it so that the exposure estimates that we are using in our
studies are less reliable and therefore, some of them move to high-
er exposure areas, some move to lower, so that we are going to
have greater difficulty finding an association in those places.

That leads us to believe that the estimates of the lower income
people are probably more accurate and yes, the higher income peo-
ple, the higher educated people are having the effects, but they
don’t show up in a study because the studies’ estimates of their ex-
posures are not as good as for the less educated people.

So I think what that says is that what we have reported is the
average of all three. Probably the lower income people are giving
us the most accurate estimates, which means they are much higher
than we thought, and that is part of the equation why, in the ex-
pert elicitation, the various experts, a dozen experts, have come up
with estimates much higher than the ACS study because they have
adjusted for this factor and others that have come.

So when you resolve uncertainties, we are not going to lower esti-
mates of the pollution. We are resolving uncertainties and figuring
out what is going on, and actually, the impacts are going up in
terms of the long-term exposure which is, you know, that is what
most of the deaths are associated with, the long-term exposure to
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this pollutant, which is pervasive year after year, day after day, for
every American.

Senator VOINOVICH. Thank you.

Senator Carper, I didn’t think you were coming back. I was tak-
ing everybody’s questioning time.

I think in fairness to Dr. McClellan, we have less than a minute,
because Senator Carper is here.

Dr. McCLELLAN. I would like to respond to your question in
terms of lowering the annual standard.

Senator VOINOVICH. The question was reasonable, would it be
reasonable?

Dr. MCCLELLAN. Yes. I am on record as stating that I think that
the staff paper laid out the science. It had a range of 12 to 15 mg/
m3. I felt that was the appropriate expression of the science, and,
thus, the Administrator’s policy judgment to go with 15 mg/m3 I
thought was appropriate.

I did not think, as a member of CASAC, that it was appropriate
to narrow the range of 12 to 15 down to 13 to 14. In fact, I thought
that was just one step away from saying, this is the standard that
should be set. I thought that overstepped the bounds.

I would like to use one of Dr. Thurston’s graphs, if I could, to
point out some of the difficulties here. This is the Harvard Six Cit-
ies study, started back in 1979 which I view as a platnium study.
The late Dr. Ben Ferris was the guiding light that pulled together
people in teams of six different communities. One of those happens
to be in your State, Steubenville. OH. It started as an extensive
study I think of about 8,000 people over time.

Now, here are the results from this. I think it is important to
look at the graph. Across the bottom we have PM,s micrograms
per cubic meter, zero to 30. Now, we have a single number there
on that. Now, you will note that each of the cities has changed over
time. Steubenville was originally up close to 30 and now it is down
just above 20. You can’t express in this graph what it was in 19507
What was it in 1940? Most of the deaths that are expressed in here
are of the elderly. We know that. In the United States, people live
long lives. So in any expression of death, they are going to be the
individuals being counted.

What we are not able to show on this graph is what these people
were exposed to in those earlier years before we had the moni-
toring? We know that that was substantially higher, so we haven’t
captured that value in this data. What I am willing to say, looking
at long-term data, is those values must have been substantially
higher.

Now, we look over here at the mortality relative risk of mortality
related to PM exposive. I want to emphasize, we sometimes talk
about excess deaths. It is important to recognize that when we con-
duct epidemiological studies we do not create extra deaths. What
we do is try to take the deaths that have occurred and tease out
what they may have been associated with.

In terms of cardiopulmonary deaths, we know the biggest risk
factor is cigarette smoking. If you go to the data of Engstrom, out
of LA, his relative risk factors for the all cause mortality for smok-
ers, about a pack a day, was 2.0. That would be way the heck up
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there on this graph. A value of 1.0 means there are no deaths as-
signable to PM.

So one of the things we do know if we look in terms of the base-
line for this relative risk, death rates for cardiopulmonary deaths
have been going down. For lung cancer, we have seen for the first
time a decrease in lung cancer mortality. Why, because people quit
smoking?

So the data that Dr. Smith related to, I suspect, if I were able
to examine her calculations, we would find that in all of the eight
cities, there were improvements, and so the base for that relative
risk factor is going down resulting in fewer calculated deaths re-
lated to PM in the air.

What I am saying is when you look at all of this data, I think
the Administrator was fully appropriate in his policy judgment to
continue at 15 micrograms per cubic meter, and I think when that
is ultimately met across the country, we will have I think some
small improvement in total health.

Senator VOINOVICH. I thank you very much for that. I will turn
it over to Senator Carper. I just couldn’t help, and I think you will
understand this, I will never forget campaigning for Governor in
1990 in Steubenville, OH. I ran into a woman who was an immi-
grant, and we were talking about the air, and she said, “Mr. Voino-
vich, I put the sheets out in the old days and there would be black
stuff on it. Now I put it out, no black stuff. The sheets are clean,
but nobody is working.”

And that was it. We didn’t get into the health or anything else,
but the fact of the matter was that things were better for her envi-
ronment, but the thing that she was concerned about is that no-
body was working and wanted me to do something about bringing
jobs to Steubenville, OH.

Senator CARPER. That was actually a pretty good segue, because
I have just come from a hearing in the Banking Committee which
is going on downstairs. Every 6 months, the Chairman of the Fed-
eral Reserve comes and testifies to brief the House and the Senate
on monetary policy. He was just sharing with us how strong our
GDP growth is, 5.6 percent I guess for the last quarter, how many
new jobs are created thus far this year, and large growth in Fed-
eral revenues and that sort of thing.

But the progress, the economic growth is uneven across the coun-
try. Frankly, the growth in incomes is uneven across our citizenry,
as we know.

I apologize for missing your testimony. Whenever the Chairman
of the Federal Reserve comes and testifies, he doesn’t do it often,
I try to be there. I like to kid and say he won’t go forward until
I am there, but that is not really the case. But I wanted to be there
to be able to offer a statement or two and maybe ask a question
of him.

I appreciate the fact that you are here. We appreciate your testi-
mony, your input, and your willingness to respond to our questions.
I have a couple of specific questions of Dr. Thurston. Before I do,
I have sort of an unwritten rule that whenever one witness uses
the charts of another witness to make a point, we always give the
owner of the charts the opportunity to have the last word. Do you
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have any comment or any response you want to make to Dr.
McClellan’s comments?

Dr. THURSTON. Yes, I do. I thank you for that opportunity.

Well, you know, I think that his reference to, well, first of all,
his references to cigarette smoking, these studies have been con-
trolled for cigarette smoking.

Senator CARPER. Say that again?

Dr. THURSTON. Have been controlled for, this study that is rep-
resented here has been controlled for cigarette smoking.

Senator CARPER. OK.

Dr. THURSTON. OK. So these reductions in relative risk have
nothing at all to do with cigarette smoking and the fact that people
are smoking less. This has to do with the reductions in air pollu-
tion after controlling for all these other factors that they studied.
This is a cohort study where they had individual information about
each of the people in the study.

The other thing he is talking about, well, exposures long ago that
could be responsible for these effects. There is recent research that
indicates that it is really the exposure in the last 5, at most 10
years of your life, or up until the time of death that are the most
important. Even if you look at cigarette smoking, when someone
quits cigarette smoking, the Surgeon General’s report points out,
within 10 years their mortality risk is the same as the general pub-
lic. It is similar with air pollution. The benefits are yielded very
quickly, actually, after the exposure is reduced. We see that in this
study and we see it in others.

We are looking at the ACS study, looking at these windows of ex-
posures, and we will be publishing on that as well. But I know
there are papers out there, like Kunsley’s recent paper pointing
this out. So that is really my response to his comments.

Senator CARPER. Good. Well, thank for sharing that.

Perhaps a couple of specific questions of Dr. Thurston. Dr. Smith
and Mr. Greenbaum, I missed your testimony, as you know. What
I am going to ask you to do is, take no more than a minute, but
just give me my takeaways. It is impossible for us to remember ev-
erything you said or say, but just, if we remember nothing else, of
a couple of key points that you made, what should we take away
from here?

Dr. SMITH. Just a minute.

I think the key takeaway is that if you want to understand
whether to tighten the standard, rather than whether we need the
standard that we have, then you need to look to the question of
what is happening to the margin of safety that was deemed accept-
able when that standard was set, and using the new evidence that
we have today is that the margin of safety that is associated with
the current standard has, if anything, grown, not narrowed.

So while there is better information across the board, there does
seem to be confirmation that there is some subtle effect going on
with air pollution, that was assumed at the time the standard was
set, and the standard at that time was set so that it provided a
margin of safety, and that margin of safety remains today even in
the face of all of this new evidence.

Senator CARPER. Thank you.

Mr. GREENBAUM.
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Mr. GREENBAUM. Sure. Just three things. First, we have made
tremendous progress since 1997 in understanding a whole series of
questions we had then. In fact, they are not even on the table now
in the same way because of research that was chartered by Con-
gress and then put into place over the last 6 to 7 years to answer
those questions.

Second, one part of that research has been to look at the so-
called concentration response, what happens at higher and lower
levels of pollution? Do we see more effects, less effects? Is there a
point below which we don’t see any effects? And there, we have
seen, 0 with some uncertainty at both ends of the range, generally
increasing effects with increasing levels of pollution, a generally
linear relationship between those two.

At the same time, and the third point, looking forward, there are
still, as science always has, important continuing questions, prob-
ably most importantly, the one around understanding whether
there is a different toxicity of different components of PM, really
different sources of PM, to guide future regulatory decisions.

Senator CARPER. Good, thanks. My thanks to both of you.

Dr. Thurston, a couple of questions, if I could. Do you believe
that there is certain, I would underline the word certain, scientific
evidence to justify lowering the annual standard?

Dr. THURSTON. Yes, I certainly do. The bulk of the evidence, as
EPA has presented it, shows that we need to tighten these stand-
ards, that there are health effects below the present standards and
that they need to be tightened.

Senator CARPER. OK. I think, and I didn’t hear this issue, but
Dr. Smith I believe you may have suggested that the risk of fine
particles has actually decreased in your testimony. I would ask of
Dr. Thurston if you want to comment on that. I don’t want to
mischaracterize what she said, but if I have that right, would you
just comment on it?

Dr. THURSTON. Well, as I said in my testimony, I believe that,
and I think the evidence supports, that the uncertainties associated
with our estimates have actually decreased. We are more certain
of the effects, the biological mechanism, and the size of the effects.
So uncertainty has been diminished.

I want to clarify the distinction between, I guess, uncertainty
and doubt. There is no doubt that air pollution is causing these ef-
fects, and there is no doubt that lowering these pollution levels will
reap huge health benefits. There is uncertainty exactly how much
benefit for how much pollution. So that is uncertainty of the esti-
mate. It could be higher. It could be lower. In the case of the long
term, the scientific consensus is moving that the health effects of
PM, s long-term exposures are actually higher than we previously
thought.

So there is uncertainty around the estimates, but there is really
no doubt here.

Senator CARPER. All right. My thanks to each of you. I am glad
you were still here when I got back. Again, I appreciate very much
your testimony and responding to our questions. Thank you.

Senator VOINOVICH. Thank you much. I really believe that I have
gotten some more clarity here, at least in terms of people’s dif-
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ferences in terms of this standard. Hopefully, this will help the Ad-
ministrator make the right decision.

Thank you very, very much. The hearing is adjourned.

[Whereupon, at 11:30 a.m. the committee was adjourned, to re-
convene at the call of the Chair.]

[Additional statements submitted for the record follows.]

STATEMENT OF HON. JOSEPH LIEBERMAN, U.S. SENATOR FROM
THE STATE OF CONNECTICUT

Thank you, Mr. Chairman.

In my view, EPA’s most fundamental responsibility under the Clean Air Act is
to tell Americans truthfully whether the concentrations of pollution in the air they
breathe are at levels that endanger their health. If EPA knows that particulate mat-
ter hurts people at lower concentrations than those reflected in the agency’s existing
air-quality standards, then I believe the agency has a legal and a moral responsi-
bility to tighten the standards.

Following an exhaustive review of peer-reviewed studies on the subject, the sci-
entists, doctors, and public servants on the congressionally chartered Clean Air
Science Advisory Committee have told EPA that air-borne particulate matter is trig-
gering large numbers of asthma attacks, heart attacks, and premature deaths in
many areas of the country that meet EPA’s existing air quality standards for partic-
ulate matter. That leads me directly to the conclusion that EPA must make those
standards more stringent. An alternative risk analysis requested by the White
I—{ouse Office of Information and Regulatory Affairs has just come to the same con-
clusion.

Unfortunately, EPA has proposed to not lower the annual particulate standard at
all, and to lower the daily standard to a level that remains above the limit that the
Science Advisory Committee has identified as necessary to protect public health.

I do not believe that EPA can justify this disregard for the Science Advisory Com-
mittee’s recommendations. Skeptics enjoyed representation on the Committee and
ample opportunity to press their views. To me, it makes no sense to disregard the
Committee’s conclusions based on complaints that were not sufficiently compelling
to convince that expert body. Here I note that only two of the twenty-two members
of the Committee’s panel on particulate matter dissented from the panel’s conclu-
sions, and that all seven members of the committee agreed with the panel’s major-
ity.

Having reviewed the statements and testimony delivered at last week’s hearing,
it appears to me that the impetus behind the calls for EPA to disregard the Science
Advisory Committee’s recommendations is not dissatisfaction with the scientific
work of the Committee, but rather concern over the cost of bringing air quality into
line with more stringent standards.

Clearly, achieving further reductions in particulate-forming emissions will cost
money. That is why the Clean Air Act’s system for implementing the health-based
air-quality standards includes, at nearly every turn, generous regard for what is
practicable and what is not. There is no need, then, to flout the Act by infecting
the standard-setting process with considerations of implementation costs. I would
point out, moreover, that by any reasonable measure, the economic benefit of the
lives saved and illnesses averted by bringing particulate levels down to the levels
recommended by the Science Advisory Committee would vastly outweigh the eco-
nomic costs of the added pollution controls.

The concentrations of particulate matter persisting in many parts of the country
cause more than 45,000 premature deaths every year. The problem is too grave and
too large to be concealed. We can solve this problem, and the first step is to level
with the American people. That is why I urge EPA to set the revised particulate
matter standards at the levels that the Science Advisory Committee has determined
necessary to protect public health. Thank you, Mr. Chairman.

STATEMENT OF GEORGE GRAY, ASSISTANT ADMINISTRATOR FOR RESEARCH AND
DEVELOPMENT, U.S. ENVIRONMENTAL PROTECTION AGENCY

Good morning, my name is George Gray, and I am the Assistant Administrator
for the Office of Research and Development in EPA. I wish to thank you for the
opportunity to discuss the EPA’s evaluation of the scientific evidence for potential
health effects of airborne particulate matter (PM). Last week the Subcommittee on
Clean Air, Climate Change and Nuclear Safety heard from my colleague, William
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L. Wehrum, the Acting Assistant Administrator for Air and Radiation, on the EPA’s
review of the national ambient air quality standards (NAAQS) for PM. During that
testimony he explained the crucial role of science in helping to inform decisions
about the National Ambient Air Quality Standards.

Today, I would like to talk with you in more detail about this science: how it is
prioritized and developed, and how it is synthesized and integrated. As Assistant
Administrator for EPA’s Office of Research and Development (ORD), I am respon-
sible both for the development of new scientific information targeted to address crit-
ical Agency research needs and for the evaluation, synthesis, and integration of the
world’s peer-reviewed science literature into a document that informs EPA decision-
makers. As we characterize the current state of our collective scientific knowledge,
we are careful to point out the strengths and weaknesses of this large body of infor-
mation, so that informed decisions can be made. It is clear that the scientists and
staff of ORD play a crucial role in the development and evaluation of the world’s
scidentiﬁc information to inform the review of National Ambient Air Quality Stand-
ards.

We all agree that environmental protection efforts must be based on high quality
science. High quality science includes both the conduct of research—in the labora-
tory and in the field—and the careful evaluation of that body of research to inform
policy making. High quality research is focused appropriately on generating new
knowledge that addresses complex scientific issues and helps reduce important sci-
entific uncertainties. It is carefully planned, well conducted, and thoroughly peer re-
viewed by independent scientific experts. The careful and balanced characterization
of the body of knowledge created by high quality science requires an open process,
interaction with appropriate subject matter experts, and serious consideration of the
ways in which the results are communicated to decision makers. To me, an impor-
tant component of high quality science is the characterization of the uncertainties
related to individual studies and, more generally, the characterization of the weight
of the scientific evidence.

First, let me discuss EPA’s efforts to develop new and relevant science on particu-
late matter. The Agency has a longstanding and strong program to develop and use
new scientific knowledge on the health effects of airborne PM. After the last review
of the PM NAAQS in 1997, EPA embarked on a very ambitious research effort to
advance our knowledge and address important uncertainties in the science related
to PM. Congress requested that we sponsor the National Academies of Science
(NAS) to provide us advice. The NAS Committee on Research Priorities for Airborne
Particulate Matter in the National Research Council completed four reports, pub-
lished between 1998 and 2004, which provided the scientific basis EPA used to tar-
get its resources to address the highest priority PM research needs. These needs are
being addressed by the Agency’s particulate matter research program, with more
than $500 million during the past 10 years committed by EPA in support of the
highest priority research topics identified by the NAS. These funds have supported
numerous research efforts by EPA’s intramural laboratories, as well as extramural
researchers funded through our competitively awarded Science to Achieve Results
(STAR) program, our PM Research Centers, and interagency agreements with other
federal agencies. EPA also coordinates closely with other federal agencies on PM re-
search through the Committee on Environment and Natural Resources (CENR) Air
Quality Research Subcommittee and its Interagency Working Group on Particulate
Matter.

We learn about the potential health effects of PM through several different types
of research, especially epidemiology and toxicology. Guided by the NAS and other
advisors, the Agency has funded research in all of these areas. Epidemiologic studies
supported by EPA and others provide key information in our evaluation of PM. This
research includes population-based studies that evaluate potential associations be-
tween human exposure to PM and health outcomes, including death, hospitalization,
illness, and potential precursors to illness. We have sponsored research on popu-
lations of tens to hundreds of thousands of individuals in the United States that
evaluates the effects of long-term exposure to PM on illness and death. These in-
clude both cohort studies and panel studies. Other research uses a different de-
sign—called time-series studies—in which air pollution levels are tracked on a day-
to-day basis and compared with daily variations in health statistics to evaluate the
effects of short-term exposures to PM on health. These time-series studies included
hundreds of communities and databases that describe millions of residents. Other
epidemiologic studies attempt to identify factors affecting people’s susceptibility and
the role of co-pollutant exposures.

Toxicology studies, sponsored by EPA and others, provide both information to
evaluate the strength and plausibility of the associations identified through epidemi-
ology and hypotheses that form the basis of new epidemiological studies. Important
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studies include those that evaluate the components of PM that may be producing
toxicity, and the mechanisms by which such toxicity might occur.

These research efforts have resulted in literally thousands of published studies in
the peer-reviewed literature over the past several years. In 2005, EPA prepared a
report, Particulate Matter Research Program: Five Years of Progress, which high-
lighted the early results of EPA’s substantial investment in PM. When it came time
to prepare the science basis for the next evaluation of the PM standards (the 2004
Air Quality Criteria Document), more than 4000 articles from the peer-reviewed lit-
erature were reviewed—many of which came from research EPA had done in our
laboratories or had funded through our STAR grants.

A second, and equally important, function of EPA efforts is the synthesis and inte-
gration of these thousands of individual “acts of science” to provide a clear charac-
terization of our knowledge and the degree to which we still are uncertain about
aspects of PM health and environmental effects. We have a scientifically rigorous
process by which we evaluate and interpret this important body of knowledge and
ensure that our interpretation of them is complete, transparent, unbiased, and con-
sistent with the array of views in the scientific community. A fundamental step in
the review of the National Ambient Air Quality Standards is the evaluation of sci-
entific evidence and the preparation of scientific assessments, by the National Cen-
ter for Environmental Assessment of the Office of Research and Development,
known as “criteria documents.” The development of criteria documents involves the
review of thousands of peer-reviewed research publications, evaluation of those
studies most relevant to the review of the air quality standards, and integration of
the scientific evidence across disciplines. The body of evidence must be reviewed,
evaluated, weighed and then accurately and objectively described to inform our deci-
sions about National Ambient Air Quality Standards.

For the current PM review, EPA evaluated research studies that addressed a wide
range of issues including PM toxicology, epidemiology, atmospheric chemistry,
human exposure, and other areas such as environmental effects. Thousands of stud-
ies were reviewed and over 2000 studies were referenced in the criteria document,
many of which were conducted or funded by EPA’s Office of Research and Develop-
ment. Considered together, these new studies significantly advanced our under-
standing of PM’s potential effects on public health and welfare and reduced the un-
certainty associated with some important aspects of the science. Drawing on the
evaluation of studies reviewed in the PM criteria document about health effects and
dose-response, as well as information about exposures to PM, EPA also completed
a risk assessment to estimate the degree to which various approaches for revising
the standards would potentially affect the public health risks posed by PM. Further,
the Agency prepared a document known as a “staff paper” that utilized the evalua-
tion and characterization of scientific evidence in the criteria document together
with the results of the risk assessment to help inform the policy judgments required
in making decisions on the NAAQS.

Extensive independent external peer review was conducted on the criteria docu-
ment, risk assessment, and staff paper by the Clean Air Scientific Advisory Com-
mittee (CASAC). CASAC, statutorily-mandated under the Clean Air Act, is a group
of independent scientific and technical experts appointed by the Administrator to re-
view EPA’s evaluation and use of scientific and technical information related to air
quality and make recommendations as appropriate. CASAC is made up of nation-
ally-recognized scientists from a variety of relevant disciplines. For PM, CASAC was
extensively involved in reviewing and commenting on several drafts of the PM cri-
teria document, staff paper, and risk assessment. Their efforts, and those by EPA
staff to address CASAC’s comments, resulted in a PM science assessment that pro-
vides comprehensive, relevant information suitable to serve as the scientific basis
for Administrator Johnson’s decisions on the PM NAAQS.

Let me briefly highlight some scientific information available on particulate mat-
ter. First, as a scientist, I know that all scientific research includes aspects of uncer-
tainty. For example, we often do not understand the mechanisms by which pollut-
ants such as particulate matter produce health effects in the population. We know
our measurements of environmental conditions and biological response contain some
uncertainty due both to our understanding and technological limits. To have uncer-
tainty is normal. Uncertainty is a factor to be characterized and considered in the
evaluation of studies and other data. We always consider the strengths and limita-
tions of the available evidence when drawing conclusions about what that evidence
means for decision making.

For example, we highlighted the uncertainty in the evidence linking chronic expo-
sure to PM,s with premature mortality in the 1997 review of the PM NAAQS. In
the next few years, EPA responded by funding a major reanalysis by independent
investigators of two important long-term studies that used data from a Harvard Six
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Cities cohort and an American Cancer Society cohort. The quality of the data was
evaluated, and an extensive series of sensitivity analyses were performed using var-
ious statistical models to test for the influence of many potential co-variables. The
results duplicated the association between levels of chronic exposure to PM,s and
premature mortality. These analyses were important in reducing our uncertainty
about the consideration of these data in the standard-setting process. In addition,
the analyses identified other avenues of research. For example, one study indicated
that the estimated effects of fine particles appeared to vary with education level.

In another example of our efforts to tackle uncertainty, EPA sponsored a number
of multi-city epidemiologic studies designed to address the limitations inherent in
single-city studies. Multi-city studies allow the assessment of risks of mortality or
hospitalization across cities, thus reducing uncertainty regarding the effects of local
features, such as differing mixes of pollutants and climates, on the interpretation
of study findings. The results of these multi-city studies provide additional evidence
that levels of exposure to PM, 5 are likely to be linked with serious health effects.

Another major area of uncertainty remaining from the previous review was the
lack of demonstrated biological mechanisms or pathways by which PM exposure
could result in the effects observed in population-based studies. An important factor
in evaluating the associations uncovered in epidemiologic investigations is biological
plausibility, 1.e., whether there is a coherent way in which the reported association
could be expected to occur in the body. As noted in our 2005 report, EPA-funded
research has provided crucial insights into numerous hypothesized mechanisms; in-
cluding evidence that exposure to particles may contribute to atherosclerosis devel-
opment and affect cardiac rhythm, thus linking the findings of mortality in the epi-
demiologic studies to plausible biological mechanisms of toxicity.

Looking across the large landscape of study findings, our assessment of the re-
search results for particulate matter finds evidence of a coherence of health effects
associated with PM, s across many types of study designs, biological endpoints and
time frames. The body of evidence—the thousands of studies from a wide variety
of disciplines we have evaluated with the help of CASAC—demonstrates that PM, s
exposure is likely causally associated with outcomes such as cardiovascular and res-
piratory morbidity and premature mortality from both epidemiologic and toxicology
studies. Toxicology studies help us understand the mechanisms that provide some
evidence of biological plausibility in the observations from epidemiological studies.
We recognize that uncertainty exists, but uncertainty is not a barrier to decision-
making; rather it is critical information to be factored into informed decisions.

We also recognize that science is not static. New studies on PM are being pub-
lished in the peer-reviewed literature all the time. As a continuation of the scientific
review process, EPA recently conducted a survey of the evidence reported in the sci-
entific literature since completion of the literature review reflected in the 2004 cri-
teria document. This new survey includes some 700 additional studies and has em-
phasized the studies most relevant to the PM NAAQS decision. The provisional as-
sessment of these new studies has only just been completed. To provide the public
with an opportunity to review the survey results, we will provide notice of the com-
pletion of this survey and post the results on our Web sites. In brief, the provisional
assessment concluded that taken in context, the new information and findings pro-
vide additional support regarding the health effects of PM exposure made in the
2004 PM Air Quality Criteria Document but do not materially change any of the
broad scientific conclusions.

In summary, the Bush Administration is committed to the development and use
of the highest quality science to inform environmental decision making. The mission
of the Office of Research and Development is to develop, evaluate, and communicate
relevant scientific information to the Administrator, and to assure that the Adminis-
trator is well informed of the nature, strengths, and limitations of this information.
EPA has sponsored a targeted and effective research program on particulate matter
and I am pleased to convey to you and others the value of this investment. We have
made a great effort to evaluate and characterize the existing and new scientific re-
sults available on particulate matter, and I am personally pleased to share with you
my views on this work. I look forward to addressing any questions you may have.

Thank you.

RESPONSES BY GEORGE GRAY TO AN ADDITIONAL QUESTION FROM
SENATOR INHOFE

Question 1. The General Accountability Office found that EPA has fully imple-
mented only 8 of the National Academy of Sciences’ 34 recommendations in con-
ducting its PM air quality review. One of its recommendations was to include a cal
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culation of the total costs and benefits, including indirect benefits, in its regulatory
impact analysis. It is well established that economic growth is associated with
health, and conversely, economic costs and associated job losses is associated with
increased mortality. In light of this, it is only possible to determine the net health
benefit if these indirect costs are calculated. Does EPA intend to in the final RIA
calculate the net benefits, including indirect disbenefits?

Response. EPA believes there are indirect effects that should be considered when
the measured costs and benefits are sufficiently large. However, quantifying these
issues is very difficult. Until better methods are developed to assess these second-
order effects, EPA has focused on assessing the primary benefits and costs that re-
sult from a partial equilibrium analysis.

EPA uses a partial equilibrium analysis when assessing the benefits and costs of
regulatory options. Partial equilibrium analysis, by definition, only looks at the di-
rect effects of the regulation. It ignores the general equilibrium effects that may
occur throughout the economy. Note that the partial equilibrium models ignore both
the secondary benefits and the secondary costs that may occur. Partial equilibrium
models are generally used when the costs and benefit impacts are small so that sec-
ondary impacts may be safely ignored.

However, if the regulation has sufficient impacts on benefits and costs, these sec-
ondary costs may be significant. There are at least two effects that must be meas-
ured to do this correctly:

The health-wealth tradeoff with costs: This literature suggests that costs of envi-
ronmental regulation may be higher than the direct expenditures of a regulation.
Specifically, raising costs also raises prices and reduces real wage income. This
lower real wage reduces net income and may, therefore, reduce the overall health
of workers. (The lower our income, the less health we can afford.) This is the effect
mentioned in the question.

The health-wealth tradeoff with benefits: When our environment improves, we re-
duce the sick loss days of workers, and improve the overall health of the population.
These changes increase labor productivity, raising the real wage. As the real wage
increases, the populations’ health increases. (As our income increases, we can afford
to buy better health care, etc.)

In general, EPA assumes that these two effects roughly cancel. We have taken
some exploratory looks at this issue and found this to be the case, though general-
ized conclusions cannot be made. These issues are also discussed in the context of
EPA’s analysis done under section 812 of the Clean Air Act amendments.

In addition to the above issues, it is our understanding that the NAS rec-
ommendation concerning indirect benefits focuses on whether any particular EPA
analysis can and should try to capture potential indirect effects pertaining to
changes in exposures. For example, the NAS gave as its first illustrative example
of the indirect effects concept the possibility that air pollution regulations may
change how fuels are made or how combustion devices are operated, which could
in turn affect human health through other pathways.

RESPONSES BY GEORGE GRAY TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question 1. Dr. Gray, please put yourself in our position as the oversight Com-
mittee or the publics position whether a regulated industry, environmental group,
or just a concerned citizen. Last week, we discussed at length the fact that EPA has
put together an incomplete Regulatory Impact Analysis. Basically, we do not know
the impact of revising the standards. Let me remind EPA that this information is
required by Section 108 of the Clean Air Act: Administrator shall. . . issue to the
States. . . information on air pollution control techniques, which information shall
include data relating to the cost of installation and operation, energy requirements,
eniission reduction benefits, and environmental impact of the emission control tech-
nology.

We are told that a more complete analysis will be addressed in the final rule.

Today, we learn from GAO that EPA has implemented less than 25 percent of the
National Academies recommendations. We are told more of these recommendations
will be addressed in the final rule.

Chairman Inhofe has pushed EPA to consider the numerous new studies that
have been completed since the criteria document was finished. We are told that this
new science will be addressed in the final rule.

Don’t we have an oversight responsibility and doesn’t the public have a right to
know what EPA is doing behind closed doors on this rule?
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Response. EPA is committed to working with Members and committee staff to en-
sure the public is well-informed with regard to Agency rulemakings. EPA has been,
and will continue to be, in regular contact with the committee regarding the PM, s
NAAQS and the associated RIA, and we believe our final analysis will be com-
prehensive, useful, and robust.

The Clean Air Act (Act) requires EPA to set a primary standard for each criteria
pollutant that protects public health with an adequate margin of safety. As inter-
preted by the Agency and the courts, the Act requires EPA to base this decision on
health considerations and forbids consideration of economic factors. Thus, while the
final RIA can provide important insights into the costs and human health benefits
associated with attaining a revised PM, s NAAQS, EPA cannot use estimates of at-
tainment cost to inform the NAAQS decision.

This prohibition against the consideration of cost in the setting of the primary air
quality standard, however, does not mean that costs or other economic consider-
ations are unimportant or should be ignored. The Agency believes that consideration
of cost is an essential decision-making tool for the cost-effective implementation of
these standards. Under the Clean Air Act, the impact of cost and efficiency are con-
sidered by the States during this process, when States are making decisions regard-
ing what timelines, strategies, and policies make the most sense. The PM NAAQS
final RIA is intended to inform the public about the potential costs and benefits that
may result when any revised PM standards are implemented.

With regard to the new studies cited in your question, EPA’s Office of Research
and Development has conducted a survey and provisional assessment of relevant
scientific information that became available since the completion of the 2004 Cri-
teria Document, as discussed in EPA’s notice of proposed rulemaking on the PM
NAAQS. In summary, our provisional assessment concluded that the new studies
do not materially change the broad conclusions of the 2004 document.

Question 2. Dr. Gray, Congress established the Clean Air Act to protect human
health. Last week:

Georgia Commissioner Heiskell stated: As an elected official, I fear the lost tax
revenues and increased stresses on local health services that lay-offs associated with
our non-attainment status bring.

National Black Chamber of Commerce President Harry Alford stated: . . . the
biggest health risk to African Americans anywhere. . . is poverty.

Now, I understand that EPA cannot consider costs. However, according to the
GAO report:

Another recommendation (from NAS) that EPA. . . did not apply to the draft
regulatory impact analysis concerns whether the proposed revisions to the particu-
late matter standards would have important indirect impacts on human health and
the environment.

This is a health based standard and there are indirect, negative impacts on health
from nonattainment designations that reduce jobs and increase energy prices. Why
isn’t EPA following the NAS recommendations and considering these impacts?

Response. Please see our answer to Question 1.

Question 3. Dr. Gray, does science dictate a particular number for the air quality
standards?

Response. Uncertainty is inherent in science. As new data become available, our
understanding of the health protectiveness of a given air quality standard grows,
as does our understanding of the extent of uncertainties. That is why rarely, if ever,
it is the case that a body of scientific evidence has the potential to dictate a par-
ticular number for an air quality standard. Science does provide the basic informa-
tion used in setting air quality standards, and our analysis of the science includes
consideration of the strengths and uncertainties in the available evidence. We know
that our measurements of environmental conditions and biological responses contain
some uncertainty due both to the limits of our understanding of the underlying proc-
ess and available technology. EPA recognizes the importance of characterizing the
implications of this scientific uncertainty.

In the review of the PM air quality standards, the scientific evidence has provided
strong support that PM exposures can have adverse effects on public health and the
environment. The science summarized in EPA’s Criteria Document and used in
EPA’s risk assessment provided the scientific basis for the range of options rec-
ommended in EPA’s staff paper. There is uncertainty even within this range of op-
tions. The strength of the scientific evidence as well as the uncertainties are nec-
essarily considered by the EPA Administrator in proposing and promulgating final
PM NAAQS.

Question 4. Dr. Gray, as I stated in my opening statement, I do not understand
how EPA can revise the particulate matter standards when the public health benefit
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is not fully understood. For example, there are areas of the country, namely South-
ern California, that will never be able to meet the Agency’s proposal, not to mention
even tighter standards. When EPA estimates health benefits, how do you take into
account that this area will never attain the standards? Basically, does the Agency
estimate real benefits?

Response. This Nation has an excellent record of rising to the challenge of reduc-
ing air pollution in a cost effective fashion. All areas have made significant progress
in reducing air pollution even if some areas are still not yet in attainment of the
current standards. The regulatory impact analysis that will accompany EPA’s deci-
sion reflects the need to develop new ways and ideas for some areas to attain the
proposed standard. To the extent that known controls are not sufficient to bring an
area like Southern California into attainment by 2020, EPA has relied on informa-
tion from a variety of sources on the effectiveness of new control strategies under
development to project what the costs and benefits of attainment might be. While
these estimates have additional uncertainty associated with them, they give the
public an idea of the likely magnitude of the potential costs and benefits of attain-
ment.

Because of its severe air pollution problems, Southern California has been one of
the leaders in the development of creative ways to reduce air pollution by har-
nessing the free market. For example, the RECLAIM (Regional Clean Air Incentives
Market) program has been in place since 1994 to harness market forces to reduce
air pollution. See http://www.aqmd.gov/reclaim/reclaim.html for more information.
Also, the California Air Resource Board (CARB) is now aggressively pursuing op-
tions for continuing to reduce air pollution. On April 20, 2006, CARB announced a
new program for reducing air pollution from its ports which includes economic in-
centive elements. See http://www.arb.ca.gov/gmp/gmp.htm for more information.

Question 5. Dr. Gray, the GAO report states that the Agency has implemented
less than 25 percent of the National Academies’ recommendations for estimating
healtr%l benefits. Does the Agency have a plan to implement all of the recommenda-
tions?

Response. EPA is committed to showing further progress in the final RIA, which
will be published when the NAAQS is finalized this September. As noted in the
GAO report “Particulate Matter: EPA Has Started to Address the National Acad-
emies’ Recommendations on Estimating Health Benefits, But More Progress is
Needed,” EPA expressed to GAO that the Agency is committed “to further enhanc-
ing the transparency of the analysis by presenting clear and accurate references to
the supporting technical documents, which detail the analytical assumptions and de-
scribe the data supporting the estimates [of our Regulatory Impact Analyses.]” GAO
found that of the 34 detailed recommendations in the NAS report, the draft RIA im-
plemented (in full or in part) 22 of them. Some of the remaining 12 recommenda-
tions will be addressed in the final RIA to accompany the final rule in September;
others require further research or development. For example, over the past few
years, EPA ran an expert elicitation designed to characterize uncertainty in the esti-
mation of PM-related mortality resulting from both short-term and long-term expo-
sure. This work has recently been completed and peer reviewed. The results from
this expert elicitation are being applied to the benefits analysis in the RIA. How-
ever, it has not been possible to address all the NAS recommendations since the
September 2002 publication of the report. In its report and its recommendations, the
NAS recognized that additional research and resources were going to be needed to
address some of its recommendations. And, in some cases, the recommendations
were in fact conditioned on the availability of improved scientific data. EPA is com-
mitted to addressing these recommendations, including those on PM speciation, and
improving its analyses as new research becomes available.

In its July 19, 2006, report, GAO acknowledged the progress EPA has made on
implementing the recommendations while also noting that EPA needs to make more
progress in addressing the National Academies’ recommendations on estimating
health benefits.

Question 6. Dr. Gray, how does EPA decide which studies to rely on and which
ones to ignore? Do CASAC or EPA have any written criteria for determining which
studies are more important than others? Any intention of developing this so that
the NAAQS review process is more objective and transparent?

Response. We believe that the consideration of scientific evidence in the NAAQS
review process is comprehensive, objective, and transparent. EPA conducts an exten-
sive literature search to identify potential studies for inclusion in its science assess-
ments. For example, EPA uses standard searches of systems such as MEDLINE in
the National Library of Medicine, independent table of content searches by EPA
staff, and input from the public and independent scientists outside EPA. These



54

search methods are summarized in the Criteria Document. The selection of studies
for consideration in a NAAQS review, the strengths and uncertainties of individual
studies, and the subsequent determination of studies to be given greatest weight are
outlined and discussed in the science assessment. These selections and determina-
tions are evaluated by the public and by CASAC at public meetings. The inputs
fr;i)m the public and CASAC are documented, considered, and incorporated as need-
ed.

Question 7. What role did the White House and other Federal Agencies play in
setting the NAAQS proposal?

Response. Under Executive Order No. 12866, “Regulatory Planning and Review,”
signed by President Clinton in September 1993, the Administrator of the Office of
Information and Regulatory Affairs (OIRA) carries out a regulatory review process
on behalf of the President. The objectives of this Executive order are to enhance
planning and coordination with respect to both new and existing regulations; to re-
affirm the primacy of Federal agencies in the regulatory decision-making process;
to restore the integrity and legitimacy of regulatory review and oversight; and to
make the process more accessible and open to the public. In general, involvement
by other Federal agencies or the White House offices occurs during the routine
interagency review process, when the Agency is developing its proposal and before
making a final regulatory decision. Following this procedure, the proposal package
for the PM NAAQS went through the interagency review process, which was man-
aged by the OIRA and included input from various agencies and offices throughout
the executive branch.

Once EPA has issued a proposal to the NAAQS, the Agency evaluates public com-
ments received on the proposal and develops a draft final rule. The draft will then
be subject to the interagency review process, per Executive Order 12866, which in-
cludes input from across the executive branch.

STATEMENT OF DANIEL GREENBAUM, PRESIDENT, HEALTH EFFECTS INSTITUTE

Mr. Chairman and members of the committee, thank you for the opportunity to
testify before you today on the health effects of particulate matter (PM). I come be-
fore you as the President of the Health Effects Institute, a non-profit, independent
research institute funded jointly and equally by the U.S. EPA and industry to pro-
vide high-quality, impartial science on the health effects of air pollution. For over
25 years we have conducted targeted research on a variety of pollutants and health
effects, and I am pleased to summarize our understanding concerning PM and
health for you today.

I also had the privilege to serve from 1998 until 2004, as a member of the Na-
tional-Research Council Committee on Research Priorities for Airborne Particulate
Matter, a congressionally chartered panel that both set priorities for national PM
research, and monitored the progress in implementing those priorities by U.S. EPA
and other public and private agencies.

I would like today to briefly highlight three topics of direct relevance to the cur-
rent discussion of U.S. EPA’s proposal for revisions to the National Ambient Air
Quality Standards for PM (the “PMNAAQS”):

e Science progress we have made since 1997,

e The most recent findings on the relationships between different levels of ambi-
ent PM and health effects (so-called “concentration-response”), and

e Keyscience needs going forward.

PROGRESS SINCE 1997

Since Congress identified the need for substantial enhanced research on PM in
the wake of the 1997 PM, s NAAQS decision, established the NRC Committee, and
appropriated substantial new funds for PM research, much progress has been made
in answering key questions for the current NAAQS review process, and for future
ones.

Specifically:

e We know much more about the sources and transport of fine particles, and
about personal exposure to those particles, especially for sensitive groups like the
elderly and children.

e We have conducted the first multi-city epidemiology studies of effects, and ana-
lyzed and reanalyzed many of the major studies of human effects, finding that in
general the earlier studies were well done and could be confirmed. At the same time
there has been some evidence that the population health effects we had seen in
those earlier studies may in some cases be smaller than previously thought.
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e Unlike in 1997, we now have numerous laboratory, animal, and human toxi-
cology studies that have begun to indicate potential biological mechanisms by which
PM may cause health effects, especially new findings of effects on the heart and cir-
culatory system. Although we have made progress, most science observers would
agree that there is still much to learn about the mechanisms by which PM may
cause these effects.

Although there continue to be, as there always are, important questions about PM
that need further research, I think Congress, the Federal Government, and the sci-
entific community can take tremendous pride in the substantial progress that has
been made.

The “Concentration-Response” Relationship: Ambient PM Levels and Health Effects

Among the most important questions addressed over the past few years is the
question of whether exposure to PM has been shown to have health effects at.all
levels of pollution—ie. down to zero—or whether there is a “threshold” below which
no effects are expected. This question is, of course, central to deciding at what level
to set a NAAQS. There are two major types of epidemiologic studies that have been
done—of short term effects and long term effects—and I would like to briefly review
what these studies have shown us.

Short Term Effects

In 1997, there were studies of daily changes in air pollution and health effects
in a number of individual cities (so-called “daily time series studies”). Since then,
scientists have conducted much more rigorous multi-city studies of daily air pollu-
tion and health, most notably the National Morbidity Mortality and Air Pollution
Study (NMMAPS) funded by HEI and led by investigators at the Johns Hopkins
Bloomberg School of Public Health. That study examined daily changes in air pollu-
tion and health in the 90 largest U.S. cities. To answer the question of whether
there is a threshold for effects, the investigators analyzed mortality and pollution
levels across the 20 largest cities and the 90 largest.

In brief, as shown in Figure 1, they found that there appeared to be a linear rela-
tionship between mortality and air pollution down to the lowest measured levels for
all causes of mortality, and for deaths from heart and lung disease, without an ap-
parent threshold. There did appear, however, to be a threshold for the effect of PM
on “other” causes of mortality (e.g. non-respiratory cancer, liver disease). The HEI
Review Committee, which intensively peer reviews all HEI research, advised “cau-
tion in drawing conclusions from the apparent absence of a threshold” for all-cause
and cardiopulmonary mortality, for a number of statistical and analytic reasons.
They noted however that “the reported associations are at ambient concentrations
well below the current U.S. daily standard . . . thus the ambient concentration
level at which any threshold might exist is likely to be correspondingly low.”
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Figure 1. Short Term (Daily) Effects
National Morbidity, Mortality and Air Pollution Study (NMMAPS)
20 largest US cities (Daniels et al HEI 2004)

Long-Term Effects

In 1997, there were two principle studies of the effects of longer term exposure
on mortality, the Harvard Six Cities Study and the American Cancer Society Study
(ACS), which examined death rates among thousands of individuals living in cities
with varying levels of pollution. Since that time, although there have been other
long-term studies published there are still very few, and much attention has focused
on HET’s Reanalysis of these two studies and on extended analyses in the American
Cancer Society Study population (which still covers the broadest national popu-
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lation). In both of these efforts, initial analyses have examined the “concentration-
response” relationship between levels of pollution in each community and levels of
health effects.

HEIReanalysis—At the request of Congress (in the FY 1998 Appropriations Bill),
U.S. EPA, and others, HEI gained access to all underlying data in the two studies
and selected an independent investigator—Dr. Daniel Krewski—and his team to
conduct a detailed audit and reanalysis. Their work, which was also intensively peer
reviewed by the HEI Review Committee, tested the original studies against a wide
variety of alternative explanations about why people in the most polluted cities
would have higher rates of premature mortality. In the end, the investigators and
HET’s Review Committee agreed that these alternative analyses did not change the
original findings of associations between PM and premature mortality, although
p(}ilere were new findings as well about an association of mortality with sulfur diox-
ide.

Dr. Krewski and his team also conducted an initial analysis of the
“concentrationresponse” relationship between PM levels in each of the cities and rel-
ative risks of mortality. Figure 2 presents the results, summarizing for each commu-
nity (signified by a point on the graph) the annual air pollution level and the risk
of death due to heart and, lung disease. They then attempted to estimate the “aver-
age” relationship across all of the communities (the solid line) and the range of un-
certainty around that average (the “95 percent confidence intervals” indicated by the
dashed lines). As you can see there is some “scatter” in the data, especially at the
highest and lowest PM levels studied, but also an overall trend of increasing mor-
tality risk with increases in pollution levels starting at relatively low levels. In re-
viewing this initial analysis, the HEI Review Committee found that “for all-cause
and cardiopulmonary mortality, the results show an increasing effect across the en-
tire range of fine particles or sulfate but no clear evidence either for or against over-
all linearity.”
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American Cancer Society Cohort
150,000 Individuals, 50 cities
HEI Reanalysis Results (Krewski, et al 2000)

Extended Analyses in the American Cancer society Cohort Following the reanaly-
sis, the original investigators for the ACS study led a broad team of experts in an
extended analysis of the data, including additional follow-up of more recent deaths
among the study population, and using new PM,s data from monitors installed
since 1997. That study found results similar to those found in the Reanalysis and
also conducted analyses of the “concentration-response” relationship (shown in Fig-
ure 3). This also shows a general, though less steep, upward trend in mortality with
increasing pollution levels, with the largest uncertainty being found at the very low-
est and very highest levels where there are fewer cities. The Investigators concluded
that: “Within the range of pollution observed in this analysis, the concentration re-
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sponse function appears to be monotonic and nearly linear. This does not preclude
a leveling off (or even steepening) at much higher levels of air pollution.”
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. .Figure 3. Long Term Effects -
American Cancer Society Cohort
350,000 Individuals, 61 cities
Extended ACS Results (Pope, et al 2002)

Summary: PM-Mortality Concentration-Response

In sum, recent analyses of the relationship between ambient levels of pollution
and mortality have found a generally increasing trend of mortality with increases
in pollution across a wide range of locations. The strongest evidence that there is
not a threshold for these effects comes from studies of short-term effects, where any
threshold is likely to be well below the current ambient standards. The initial anal-
yses of these relationships in long term studies also shows this general pattern, al-
beit with somewhat greater uncertainty at the lowest and highest levels.

KEY RESEARCH NEEDS LOOKING FORWARD

While we have made much progress in understanding PM exposure and health
effects over the past decade, there continue to be, as there always are in science,
important questions to be answered to help inform future decisions about ambient
air quality standards and protecting public health. Two key areas needing continued
attention are:

Continuous Improvement in the Statistics Used in Epidemiology

The analysis and reanalysis of studies on population health, air pollution and
weather over the last decade have enhanced our ability to determine whether health
effects can be tied to certain air pollutants. However, those same analyses have
shown that the results can be significantly affected by the choices of statistical tech-
niques and the assumptions made in each analysis. Looking forward, we need to pay
continued attention to understanding the sensitivity of the results to different as-
sumptions, quantifying the uncertainty of the results, and communicating clearly for
each analysis both the results and the continuing uncertainties around those re-
sults.
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Systematic Analyses of which PM Components and Sources May Contribute
the Most to Toxicity

Perhaps no other question will need as much attention, and will have as much
implication for future regulations, than determining whether some components of
the complex mixture of PM are more toxic than other components. Ultimately, this
data will be essential to ensuring that regulations and control strategies are tar-
geted at reducing those emissions which will have the most public health benefit
at the least cost. This has also become important in light of the current proposal
for a PMNAAQS for “coarse particles” which has proposed to exclude certain par-
ticles from consideration even before the needed studies are complete.

To date, there have been some individual city analyses of toxicity of different com-
ponents supported by U.S. EPA and others; but no systematic national effort to com-
pare results from across the country and from epidemiology and toxicology studies.
To fill that gap in time to inform a next round of PMNAAQS review, HEI has
launched, with support from EPA and multiple industries, a sysatematic, multi-dis-
ciplinary effort which will:

e Conduct comprehensive, multi-city analyses of PM components and health

e Combine and compare epidemiology and toxicology across the country, and

e Provide the first-ever analyses of long-term effects of different PM components
(all studies to date have looked only at daily changes in air pollution and health)

As indicated in both the NRC review of priorities for future PM and health re-
search (NRC 2004), and in today’s report of the Government Accountability Office
concerning data needed for future PM benefits analysis, these studies will be central
to ensuring that future PM actions are the most effective possible.

SUMMARY: PROGRESS MADE AND MORE TO BE DONE

In sum, we have made much progress since 1997 in answering key questions
about whether and how PM can affect public health. Initial analyses have also
helped us better understand the “concentration-response” relationship between lev-
els of ambient air pollution and health effects and the generally increasing effects
with increasing levels of pollution. At the same, looking forward there continue to
be important issues to be addressed to inform future NAAQS and regulatory deci-
sions, especially around the toxicity of different component and sources of PM.

Thank you for this opportunity to testify; I would be pleased to answer any ques-
tions you might have.

RESPONSES BY DANIEL GREENBAUM TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question 1. Mr. Greenbaum, as you know, there is an ongoing debate about
whether EPA must lower the annual standard. Your opinion is invaluable in this
debate as an entity that sits squarely in the middle -funded by both industry and
EPA. Clearly, the statute says that standards shall be set ” in the judgment of the
Administrator.” In your opinion, is it reasonable from a scientific and health per-
spective for the Administrator to retain the annual standard at 15 and not lower
it, does science dictate a particular number for the air quality standards?

Response. This is of course one of the major questions facing the Administrator
as he makes final decisions on the NAAQS. As I noted in my testimony, the Health
Effects Institute has not, since its inception over 25 years ago, taken a position ad-
vocating either changing or retaining a specific level of a standard. We do this so
that no one can ever question our science as having been created solely for the pur-
pose of supporting an advocacy position. We do, however, attempt to provide the
best possible impartial interpretation of the science to help inform such decisions.
In that spirit, I would like to re-iterate and strengthen several points I made on
this question in the hearing:

(a) First, the science on the relation between different levels of air pollution—and
whether there are health effects at all levels or a “threshold” level below which
there are no effects—has improved since 1997.

(b) Second, as I noted in my testimony, these so-called “concentration-response”
relationships have shown for short-term studies (that inform the 24-hour standard)
a fairly consistent relationship between levels of air pollution and increases in pre-
mature mortality at levels below the current standard.

(c) Third, for longer-term studies such as the American Cancer Society Study (that
inform decisions on the annual standard), there is also evidence of a relationship
between air pollution and premature mortality that extends below 15, but the level
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of uncertainty on that relationship is somewhat greater than for the short term
studies.

(d) Finally, there is no widely accepted scientific method for setting the level of
a standard. Rather, as the Clean Air Act envisions, decisions on levels of the stand-
ard are a public health policy judgment by the Administrator, in which he has to
weigh evidence that suggests that there are effects below the current standard
against the level of certainty or uncertainty surrounding that evidence (i.e. the de-
gree to which he can be certain from the science that a lower standard would result
in greater public health benefits than the current standard.)

Question 2. Mr. Greenbaum, please explain what you mean by this statement in
your testimony: “there has been some evidence that the population health effects we
had seen in those earlier studies may in some cases be smaller than previously
thought.” Since 1997 there have been extended reanalyses of a number of daily and
long term studies of relationships between air pollution and health.

In the case of short term (daily) studies, after HEI investigators at Johns Hopkins
discovered an issue with the software to conduct these studies in 2002, those inves-
tigators and many others revised their analyses using better techniques, and HEI
was asked to intensively peer review those results and draw conclusions on the new
findings. In that report HEl’s Review Committee found, among other things, that
for the major multi-city daily time series studies done in the United States and Eu-
rope—some of the most systematic and rigorous of these studies—the estimates of
risk went down between 30 percent and 50 percent (although they were still statis-
tically significant). For example, for the National Morbidity, Mortality, and Air Pol-
lution Study (NMMAPS) conducted by HEI investigators, the estimates of effects
went from 0.4 percent increase in premature mortality per 10 uw/m3 of paniculate
matter to 0.2 percent per 10 u/m3. (Health Effects Institute. 2003. Revised Analyses
of Time-Series Studies of Air Pollution and Health. Special Report. Health Effects
Institute, Boston MA.) In the case of long-term studies (of people living for many
years in more-and less-polluted cities), the effects have been smaller in some anal-
yses and larger in others. HEI's reanalysis of the American Cancer Society (ACS),
which audited and in general validated the results of the original study, found lower
estimates of health risk when one includes other pollutants in the analysis. How-
ever, some recent analyses of the ACS data by HEI investigators using improved
estimates of personal exposure have actually found higher estimates of effect (see:
Jerrett, M; Burnett, R. T.; Ma, R.; Pope, C. A., Ill; Krewski, D.; Newbold, K. B.;
Thurston, G.; Shi, Y.; Finkelstein, N.; Calle, E. E.; Thun, M. J. (2005) Spatial anal-
ysis of air pollution and mortality in Los Angeles. Epidemiology 16: 727-736. )

Question 3. Mr. Greenbaum, please comment on the peculiarity that no effect is
found for people with higher education?

Response. As I mentioned in response to a similar question in the hearing, a care-
ful reading of the full results of recent studies does not necessarily suggest that the
studies have found “no effect” for people with a higher education. The HEI Reanaly-
sis of the Harvard Six Cities and American Cancer Society studies was the first
analysis to attempt to look at whether there were differential effects in people with
different levels of education (which is generally an indicator of different levels of so-
cioeconomic status). That analysis, and a subsequent extended analysis in the ACS
study, found a distinctly higher effect on mortality for those with lower education
(and likely lower socioeconomic status). The HEI Reanalysis also found, for those
with more than a high school education, a positive but not statistically significant
association with all- cause mortality (a relatively crude measure of mortality since
it includes causes of death which we expect could not be related to air pollution).
When one looks at more specific causes of death, one finds that even for those with
higher education, there is an association of mortality for cardiopulmonary deaths,
and especially cardiovascular deaths. (See Table 52 in Health Effects Institute.
2000. Reanalysis of the Harvard Six Cities Study and the American Cancer Society
Study of Paniculate Air Pollution and Mortality: A Special Report of the Institute’s
Particle Epidemiology Reanalysis Project.) There are several reasons why these dif-
ferences in effects among people of different levels of socioeconomic status might be
seen. First, it is plausible that people of lower socioeconomic status have higher ex-
posures to air pollution due to: living in more heavily polluted areas; the likelihood
that they have less access to air conditioning; and the jobs they have which may
involve more outdoor exposure. Second, it is also well known that poorer people
have worse levels of nutrition and poorer access to quality medical care, which could
reduce their underlying health and make them more susceptible to the effects of air
pollution. Third, it is also possible that, although these studies have made extensive
efforts to separate the effects of “being poor” from the effects of “being exposed to
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air pollution”, there are some results in these studies that continue to reflect the
impacts of poverty on health.

STATEMENT OF ROGER MCCLELLAN, ADVISOR, TOXICOLOGY AND HUMAN HEALTH RISK
ANALYSIS

EXECUTIVE SUMMARY

e The scientific basis for policy decisions on setting the PM,s National Ambient
Air Quality Standard remain highly uncertain.

e The continued use of the PM, s indicator is a default decision driven by EPA’s
past emphasis on regulatory compliance monitoring—“monitor that which is regu-
lated.” As a result, there is no database for considering alternative PM indicators
that might target specific PM constituents or exclude certain constituents.

e The scientific database provides a basis for the Administrator making policy
choices for a PM, s NAAQS with 24-hour averaging time concentration in the range
of 25 to 35 m3, with a 98th percentile form, and an annual standard in the range
of 12 to 15 m3.

o The scientific database for policy decisions on setting a PM;0..s NAAQS is very
weak and highly uncertain. A science-based decision, as contrasted with a judicial
decision, would be to continue with a PM;o NAAQS.

e There are major uncertainties in risks associated with exposure to ambient
PM, 5 at current levels and the benefits of reducing PM, 5. These uncertainties need
to be clearly documented and conveyed in numerical calculations used for policy de-
cisions and in the Agency’s final Regulatory Impact Analysis.

o Expert elicitations of opinions on PM, s risks are very likely flawed with a blur-
ring of the distinction between scientific evaluation and policy choices. Scientists, as
do all citizens, have values that influence choices of standard setting options. How-
ever, scientific evaluations should be as free as possible of concern for the ultimate
policy decisions.

Good Morning, Mr. Chairman and members of the subcommittee. Thank you for
the invitation to present my views on the U.S. Environmental Protection Agency’s
current review on the National Ambient Air Quality Standards (NAAQS) for Partic-
ulate Matter (PM).

MY BACKGROUND

My biography is attached to this statement. Since 1999, I have served as an Advi-
sor to public and private organizations on issues related to air quality in the ambi-
ent environment and workplace drawing on more than 45 years of experience in
comparative medicine, toxicology, aerosol science, and risk analysis. I served as
President of the Chemical Industry Institute of Toxicology in Research Triangle
Park, NC from 1988 to 1999, providing leadership for a research program directed
to understanding the mechanisms of action of chemicals in producing either bene-
ficial or harmful effects on humans. I was with the Lovelace organization in Albu-
querque, NM from 1966 to 1988, providing leadership for one of the World’s major
research programs directed toward understanding the potential human health ef-
fects of inhaled materials.

The testimony I offer today draws on my experience serving on numerous sci-
entific advisory committees. This has included service on many EPA advisory com-
mittees from the origin of the Agency to date, including the Clean Air Scientific Ad-
visory Committee (CASAC), which I chaired from 1988 to 1992, all of the CASAC
PM Panels as well as CASAC Panels that considered other criteria pollutants. My
involvement in advising EPA on the setting of NAAQS for criteria pollutants began
with my chairing in 1977 and 1978 an ad hoc committee to review the first lead
criteria document, a committee that was required since the Congress had not yet
authorized creation of CASAC. I also served on the National Academy of Sciences/
National Research Council (NAS/NRC) on Research Priorities for Airborne Particu-
late Matter and the earlier NAS/NRC Committee that produced the report “Science
and Judgment in Risk Assessment.” It is important to note that the testimony I
offer today reflects my own views and is not being offered on behalf of any of the
Corf]_rlmittees I have served on for the EPA, the NAS/NRC nor for any other agencies
or firms.

SETTING NATIONAL AMBIENT QUALITY STANDARDS

Each NAAQS consists of four elements: (a) an indicator (such as PM,s), (b) an
averaging time (such as 24 hours or annual), (c) a numerical level (such as 65 m3
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for PM, s averaged over 24 hours), and (d) a statistical form (such as a 98th per-
centile). The indicators for five of the criteria pollutants are for measurement of the
mass concentration of specific chemicals such as O3, SO,, NO,, CO and Lead. Only
in the case of particulate matter is the indicator based on the mass concentration
of airborne particulate matter in a specific size range, irrespective of the chemical
composition of the PM.

Under the Clean Air Act, the EPA Administrator is required to review the
NAAQS for the criteria pollutants at 5-year intervals to evaluate whether or not the
four elements of the NAAQS are still deemed to be acceptable based on current sci-
entific knowledge as it applies to the assessment of public health risks. In practice
the interval between reviews has been longer. The process for review and promulga-
tion of a NAAQS, either continuation of the existing standard or establishing a new
NAAQS, consists of multiple phases. The initial phase, which is obviously on-going,
consists of conduct of research on the various criteria pollutants. This includes a
broad spectrum of activities; understanding emissions of pollutants, transport and
transformation of pollutants in the atmosphere, ambient measurements of pollut-
ants, estimation of personal exposures to pollutants, assessment of toxic effects and
mechanisms of action in cells, tissues and animals, conduct of controlled exposure
studies to pollutants in human volunteers and epidemiological investigations of
human populations. Most of the research is funded by the EPA, some in the Agen-
cy’s own laboratories and some in academic and other laboratories, the National In-
stitutes of Health and, to a modest extent, private industry. The dominance of Fed-
eral Government support of research on criteria pollutants relates to their effects
being of broad societal concerns with the pollutants, by and large, having no unique
industrial emission source.

The findings of this research are used by the EPA’s Office of Research and Devel-
opment to prepare a criteria document (CD). Each CD traditionally has been essen-
tially an encyclopedia of everything known about a given criteria pollutant and is
used as a basis of information for the preparation of a Staff Paper (SP) by the EPA’s
Office of Air Quality Planning and Standards. This is a Policy Assessment of Sci-
entific and Technical Information; in short, an integration and synthesis of the in-
formation in the CD that is most relevant to setting the four elements of a NAAQS.
In recent years, the Staff Papers have made substantial use of risk assessments for
the criteria pollutant being considered. These risk assessments have been conducted
by a single EPA Contractor organization. The various versions of the CD and SP
are released to the public with an invitation to provide comments as a basis for im-
proving the documents.

Throughout this process, a Clean Air Scientific Advisory Committee Panel, oper-
ating as an element of the EPA’s Science Advisory Board, is involved in reviewing
and advising on the scientific content of both the CD and the SP, including the re-
lated risk assessment. This has typically involved several revisions. Prior to the cur-
rent cycle of PM review, the CASAC Panel sent a closure letter to the EPA Adminis-
trator when the CASAC was of the opinion that the revised documents were suit-
able for use by the Administrator in promulgating a NAAQS. In the current review,
the “closure letter” process was abandoned.

At the next step, the Administrator proposes, via a Federal Register Notice, a
NAAQS including specific proposals for each of the four elements of the NAAQS;
the indicator, averaging times, numerical levels and statistical forms. Comments are
solicited from the Public with the opportunity to submit written comments to a spe-
cific Docket. In the current PM review, the CASAC PM Panel offered written com-
ments on the Administrator’s proposal.

The next step is for the Administrator to promulgate a NAAQS consisting of the
four elements discussed previously. I purposefully do not use the phrase “final step,”
because the Courts may have a role in deciding whether the Administrator’s pro-
posed NAAQS will stand. The NAAQS are to be based on the available scientific
information reviewed in the CD and SP and summarized in the notice of proposed
standards. The primary, health-based NAAQS are to be set at a level that will pro-
tect public health, including sensitive populations, with an adequate margin of safe-
ty. The Administrator is precluded from considering cost in the setting of the
NAAQS.

At this point, I would like to emphasize that there exists no absolute and unam-
biguous scientific methodology that can determine which specific indicator, the pre-
cise averaging time, numerical level or statistical form that will be adequate to pro-
tect public health. The available scientific information can inform the NAAQS deci-
sions, however, the Administrator must ultimately use policy judgment in making
decisions on each of the four elements from among an array of scientifically accept-
able options including consideration of their attendant scientific uncertainties.
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Once the NAAQS are finalized, individual states have responsibility for planning
and taking actions to meet the NAAQS. This includes the formal step of preparing
“State Implementation Plans (SIPs). In developing strategies for meeting the
NAAQS, the States can give consideration to costs in setting the pace for achieving
the NAAQS. However, attainment of the NAAQS cannot be postponed indefinitely.

EPA ADMINISTRATOR MADE POLICY CHOICES CONSISTENT WITH THE SCIENCE

At this juncture, I note that I personally find acceptable the Administrator’s policy
choices for the PM NAAQS, as published in the Federal Register (January 17, 2006)
from among an array of science-based options, to be acceptable. Specifically, I find
scientifically acceptable his proposal to use (a) a PM,s indicator with a 24-hour
averaging time and a reduction in the concentration level from 65 m3 to 35 m3 with
a 98th percentile form, (b) retention of the PM,s annual standard at 15 m3 with
additional constraints on the use of spatial averaging, and (c) use of a PM¢.» 5 indi-
cator with a 24-hour averaging time concentration level set at 70 m3 with a 98th
percentile form. I support the exclusion of any ambient mix of PM,o,s where the
majority of coarse particles are rural windblown dust and soils and PM generated
by agricultural and mining sources.

Of these several policy choices, I have the greatest reservation concerning the pro-
posal for a PM,¢., s indicator with a 24-hour averaging time concentration level set
a 70 m3 with a 98th percentile form. The scientific basis for the proposed PM;jo.> s
standard is very weak and uncertain. I would have personally preferred to see the
PM, standard continued to provide public health protection from particulate matter
mass in the PM;o.s range. However, EPA personnel have related that this option
has been precluded by Court decisions.

SELECTION OF A PM INDICATOR—CHAINED TO THE REGULATORY COMPLIANCE
MONITORING LAMP POST

The primary scientific data used to select indicators for PM NAAQS has been de-
rived from epidemiological investigations. Prior to 1970, there was limited regula-
tion of particulate matter in air pollution. Limited monitoring, relative to that being
carried out today, was conducted using relative crude metrics of Black Smoke and
Total Suspended Particulates (T'SP). TSP was the mass of particulate matter, not
identified as to chemical form, collected on a filter in a high volume air sampler.
This included material up to about 40 m in size. Scientists studied the relationship
between the air concentration of these TSP measurements and increases in health
effects. This epidemiological data provided the basis for setting the 1971 PM
NAAQS with TSP as an indicator. The 24-hour averaging time standard set at 260
m3, not to be exceeded more than once a year, and an annual standard set at 75
m3, annual geometric mean. The TSP indicator then became the “law of the land”
and TSP began to be routinely monitored to determine regulatory compliance.

During the 1970s and early 1980s, an increased awareness emerged on the role
of particle size in determining the fraction of inhaled particles that would be depos-
ited and where they would be deposited in the respiratory tract. This led to some
groups making measurements of ambient air particulate matter mass in different
size fractions; less than 15 m, less than 10 m, less than 2.5 m and less than 1 m.
However, the primary epidemiological data in the 1980s that could be used for
standard setting was TSP—remember TSP was required to be measured for regu-
latory compliance.

In 1987, the PM NAAQS indicator was changed from TSP to PM,,. The choice
of PM,o was heavily influenced by a decision in the international community to use
a PM,o metric rather than a PM,s metric. The United States followed suit. Much
of the epidemiological evidence for setting a PM;, NAAQS was based on extrapo-
lations from epidemiological studies using the TSP monitoring data. The PM,, pri-
mary standards were set at 50 m3, expected annual arithmetic mean over 3 years,
and 150 m3, 24-hour average, with no more than one expected exceedance per year.
With the promulgation of the PM,( indicator the regulatory compliance monitoring
shifted from TSP to PM;o. Unfortunately, ambient air monitoring of PM;s, PM,s
and PM;, was essentially discontinued. Obviously, it would have been expensive to
continue, and, after all, it was not required for regulatory compliance.

In the early 1990s, epidemiological data began to be published on the association
between elevated PM, s levels and their association with increased health effects.
The data came principally from the Harvard Six Cities study that fortunately had
included in its early years measurements of PM,o and PM,s. Other analyses were
published based on an American Cancer Society cohort taking advantage of frag-
mentary PM,s ambient monitoring data. Other investigations conducted using the
PM,, ambient monitoring data were extrapolated to a PM, s indicator. These data
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provided the basis for promulgating a PM,s NAAQS in 1997. The PM,s NAAQS
were set at 15 m3, annual arithmetic mean, and 65 m3, 24-hour averaging time with
a 98th percentile of concentration at each population-oriented monitor. Associated
with this was a change in the regulatory compliance monitoring network to empha-
size PM»,s mass measurements without regard to chemical composition. Because a
PM,o mass NAAQS was still in place measurements of PM ;o mass, not characterized
as to chemical composition, continued. Using the difference between the PM;, mass
measurements and PM, s mass measurements, it was possible to estimate PMo.»s
mass concentrations.

At various times there has been an interest in measuring PM sulfate mass con-
centration, a secondary pollutant arising in the atmosphere from conversion of SO,
gas. There have also been some short-term monitoring campaigns in which exten-
sive chemical characterization of a number of particulate matter constituents have
been measured. However, the extent of this monitoring data is limited in compari-
son with that developed for regulatory compliance purposes on PM;o mass and PM, 5
mass, not characterized as to chemical composition. Indeed, to date the database on
specific PM constituents has been insufficient to set a NAAQS for a specific PM
component. Obviously, Lead is an exception. Likewise, the data on specific PM con-
stituents were not viewed as to exclude any constituent from regulation.

The most recent CD and SP focuses on the PM, s indicator. The focus on PM, s
was not based on any careful scientific analysis that led to the conclusion that PM, s
mass, not identified as to chemical composition, as the most appropriate metric to
relate to an increase in health effects. The simple fact is that because of the EPA’s
emphasis on regulatory compliance monitoring, the only PM air quality metrics that
could be evaluated epidemiologically were PM;, mass, PM,s mass and to a lesser
extent PM sulfate and to an even lesser extent, PM,o.s. I will be so bold as to say
the focus on PM,s mass, irrespective of chemical composition, was a default deci-
sion, not a science-based decision.

My discussion so far has focused on epidemiological evidence without considering
the results of toxicological studies using cells, tissues or laboratory animals. As a
toxicologist, I wish I could give more emphasis to the conduct and interpretation of
toxicological studies. However, such studies have a very limited role in the PM
NAAQS setting process. Although such studies can use new tools of modern molec-
ular and cellular biology and genomics, the results are not necessarily relevant to
setting the NAAQS. The challenges of extrapolating from laboratory animals to hu-
mans, from high to low levels of exposure, from studies of a few days or even a few
months to human lifetimes and from studies of a few normal healthy young animals
to large human populations including individuals with cardiopulmonary disease,
principally from smoking, are substantial. At best, the toxicological investigations
can help provide some guidance to the design and conduct of epidemiological inves-
tigations. The toxicological methods are simply to blunt and yield results that at
best can be extrapolated qualitatively to human populations. I know of no scientific
methods for using the results of toxicological studies with PM, not characterized as
to chemical composition, or those conducted with specific PM constituents to develop
quantitative numerical standards that are at the core of PM NAAQS.

A SHIFT IN MONITORING STRATEGY TO FACILITATE EPIDEMIOLOGICAL EVALUATIONS

What are the prospects for the next PM NAAQS review in 5 years including a
rigorous evaluation of specific PM constituents? Without a major revolutionary
change in the EPA’s approach to ambient air monitoring, I think it will be more
of the same. In short, because of the past focus on measuring PM,s and PM,¢.5s,
these metrics will continue to be evaluated in future epidemiological studies. Be-
cause of the substantial and continuing improvements in air quality, including
PM,s, PM,p and PM.5s, it will be even more difficult to detect associations be-
tween these PM mass metrics and health effects. Future epidemiological studies will
also be challenged due to continuing reductions in cardiopulmonary disease related
to reductions in the primary risk factor for these diseases—Cigarette Smoking.

How can the prospects for improved epidemiological investigations be changed? If
the EPA, in cooperation with States and Municipalities, radically modifies its ambi-
ent air monitoring network over the next 2 years, it may be possible to have the
results of improved epidemiological studies in 8 to 10 years. The development of an
improved ambient air monitoring network will require some tough decisions. It is
obvious that the expense of an altered monitoring network will require that only
a modest number of PM constituents be measured in multiple cities in different re-
gions across the United States. Some clear candidates would be sulfates, nitrates,
organic carbon, elemental carbon, silica and some specific metals for which concern
may exist as to their potential hazard. It is essential that all of the criteria pollut-
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ant gases, ozone, SO,, NO, and CO, continue to be measured. With a richer array
of monitoring data available it may be possible to test hypotheses as to the relative
potency of the various PM constituents as well as the gaseous pollutants. In any
long-term studies, it will be crucial to have accurate smoking history data if the
very small potential effects of air pollution are to be separated from the large
cardiopulmonary impacts of cigarette smoking. In addition, because of the relation-
ship between PM-associated hydrocarbons and volatile and semi-volatile hydro-
carbons these should be measured. In my opinion, it will be futile to measure dozens
of individual chemical species with the view that these measurements could be use-
ful in future epidemiological studies. The current highly uncertain signal of air pol-
lution associated health effects is so small that “teasing out” effects related to any
single PM chemical constituent will be extraordinarily challenging.

SELECTION OF AVERAGING TIMES, NUMERICAL LEVELS AND STATISTICAL FORMS

Having selected an indicator, it is necessary to proceed to decisions on the aver-
aging times, numerical levels and statistical forms for the NAAQS. These three ele-
ments are inter-related and are set based on the epidemiological database. The aver-
aging times are driven by the temporal characteristics of the monitoring data, 24-
hour measurements that can be aggregated to yield annual values which, in turn,
are used in the epidemiological investigations. Hence, it is reasonable to use 24-hour
and annual averaging times.

The selection of specific numerical levels for the 24-hour standard has been guid-
ed primarily by considering the results of epidemiological studies of the association
between daily changes in the PM indicator and changes in mortality (all cause, car-
diovascular and respiratory mortality). The power of these studies is directly related
to the size of the population being studied and the number of days being monitored.
Thus, results can only be developed for quite large cities. This approach would not
be feasible for small communities and rural areas.

The primary input for establishing the PM, s annual standard comes from long-
term follow-up of cohort populations, the Harvard Six City Study of about 8,000 in-
dividuals initiated in 1979 and the American Cancer Society cohort assembled start-
ing in 1979. In these studies, sophisticated statistical techniques have been used to
attempt to tease out an association between differences in PM, s ambient concentra-
tions in different communities and the risk of death from various diseases. The
analyses are very complicated because of the numerous factors that can influence
the death rate including age, cigarette smoking, work history, education, socio-eco-
nomic status, exposure to other pollutants as well as other factors.

The results of the cohort epidemiological studies are typically reported as a linear
coefficient of increase in relative risk per 10 m3 of PM, 5 using whatever PM, s moni-
toring data are available for the specific cohort. Thus, for the studies initiated in
1979, this may be PM, s measurements made in 1979-1983. Recall that in the 1980s,
there was a move to regulate PM;, measurements of PM, s were discontinued and
not re-instituted until after the PM, s NAAQS was promulgated in 1997. The PM, s
exposure of individuals in the cohort prior to 1979 is unknown although it is well
recognized that in most areas air quality has substantially improved since 1970.

A major challenge in analyzing and interpreting the results of the cohort studies
relates to the uncertain role of pollution exposures for the individual populations
prior to initiation of the studies and the uncertainty in the statistical models used
to attribute relative risk to the various risk factors including PM,s. The small size
of the PM, s relative risk poses a special challenge. This includes the difficulty of
determining the shape of the exposure-health response relationship extending from
past high levels down to current levels. Especially vexing is the issue of whether
a threshold does or does not exist in the exposure-health response relationship. In
my view, the exposure-response relationships are highly uncertain in the range of
typical ambient PM, s concentrations in the United States. The substantial uncer-
tainty in the applicability of the PM, s exposure-health response coefficients at cur-
rent ambient concentrations requires caution in calculating either PM, s associated
risks or the benefits of any reductions in PM, s concentrations.

EXPERT ADVICE ELICITATION

In an attempt to better characterize the uncertainties in PM, s-associated health
risks and, conversely, the benefits in reductions in PM,s, some individuals have
suggested the use of an “expert advice elicitation” approach. I am familiar with this
approach having served as one of the five experts in EPA’s pilot project to elicit
opinions on the relationship between PM, 5 exposure and death. I have also partici-
pated in such approaches in the initial stages of planning and interpreting safety
assessment studies. I think the expert opinion elicitation process may have merit



65

in obtaining a qualitative assessment of the impact of exposure to hazardous mate-
rials. However, I have serious reservations as to its use in eliciting quantitative
characterizations of risk for various levels of PM,s exposure for different popu-
lations in different parts of the United States.

The interviewers eliciting the expert opinions play a major role in determining the
outcome of the process. In the session I participated in, I found the interviewer fo-
cusing on eliciting quantitative linear exposure-response coefficients. Since it is my
professional opinion that it is very unlikely that a linear relationship exists between
PM, 5 exposure and health responses down to and including current ambient levels,
the interview and the follow-up discussions proved frustrating for both me and the
interviewer. In short, the sponsor (in this case, the EPA) can influence the inter-
viewer to frame a series of questions that will yield a pre-determined answer. In
my case, I felt the desired answer was what linear risk coefficient (exposure health-
response) would I prefer.

I am also concerned about the process used to select experts for participation. In
my opinion, the process should be very transparent with regard to the criteria used
to include or exclude individual experts from a Panel. My concerns extend to the
inclusion of individuals who may have conducted and reported on the key studies
being used in the expert opinion elicitation process. It is human nature to want to
have one’s own data and analyses used in the same manner as originally reported.

Any additional concern with the process is the approach of using secondary inter-
views in an attempt to gain consensus from the experts as to the outcome. I under-
stand that was done with the full-scale expert elicitation panel whose input is to
be used in the final regulatory impact analysis. A major challenge in any elicitation
of expert advice is separating the individuals science-based input from their per-
sonal sources with regard to a policy outcome. In my opinion, the results of that
expert elicitation are likely to be seriously flawed. I would urge the Administrator
to not use the results of the expert opinion elicitation as input for quantitative esti-
mates of risks/benefits associated with PM, s exposure. Such an approach is not a
substitute for more rigorous uncertainty analysis that attempts to characterize all
the factors that impact on estimating risks of PM,s exposure and the benefits of
reductions in PM; s exposure.

As an alternative to expert opinion elicitation, I urge CASAC to document the sci-
entific views of each of the CASAC PM Panel members with regard to quantitative
aspects of the PM NAAQS. This approach was used in the previous PM review that
concluded with promulgation of the 1997 PM, s NAAQS. A copy of the table included
in the CASAC PM Panel’s “closure letter” is attached. As may be noted, individual
Panel members had a wide range of views with regard to setting the PM, s NAAQS.
I would personally prefer to see each of my scientific colleagues express their indi-
vidual science-based opinions rather than have CASAC Panel participants cajoled
to reach a consensus.

SCIENTIFIC EVALUATIONS VERSUS POLICY DECISIONS

A major challenge I see for all scientists, and especially for CASAC PM Panel
members participating in the NAAQS review process, is to recognize the distinction
between scientific evaluations and policy judgments. In my comments to Mr. Bill
Wehrum and Dr. George Gray on improving the NAAQS review process, I noted—
“It would be helpful if, at each step in the NAAQS process including each meeting
of the scientists preparing the Criteria Documents and the Staff Paper and their
review by CASAC, if each participant were reminded. “Every individual should rec-
ognize the distinction between scientific evaluation and policy decisions and recog-
nize that the matters being dealt with are at the interface of science and policy.
Each individual participant is asked to leave their individual ideologies and
thoughts on policy decision outcomes at the door before deliberating on the science.”
This is not a matter of an individual’s employment, i.e., academic, government, in-
dustry, etc. or political affiliation. It applies to all participants. This is an especially
vexing issue for scientists involved in evaluating their own research results or that
of close colleagues. In today’s resource constrained world everyone wants to have
their work used in the public arena, moreover, they would like to see the door left
open or opened wider for them to do more work on the topic under consideration.
Indeed, some individuals, including CASAC Panel Members, desire a “sense of ac-
complishment”—some individuals interpret that as—did we participate in lowering
the NAAQSs’ Some have suggested that there would be a “limited sense of accom-
plishment” if only the 24-hour PM, s standard were lowered and the Annual PM, s
standard was left unchanged. Yes, scientific evaluations and policy decisions do get
intertwined by individual scientists in expressing their own personal preferences on
life science issues.”
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RESPONSE BY ROGER MCCLELLAN TO ADDITIONAL QUESTION FROM
SENATOR VOINOVICH

Question 1. Dr. McClellan, as you heard Dr. Gray testify, he said characterization
of uncertainties is extremely important. EPA is using a process called expert
elicitation to respond to the NAS recommendation on this important issue. We will
see the elicitation’s results when the rule is finalized. Please elaborate on your con-
cerns with this process.

Response. I am very familiar with the “expert elicitation” being used by the EPA
to obtain expert opinions on the quantitative relationship between changes in PM s
concentrations in ambient air and changes in indices of adverse health effects. As
I noted in my written testimony, I participated in a pilot expert elicitation study
conducted by an EPA contractor as a prelude to the larger study recently conducted
for the EPA.

In my professional opinion, the expert opinion elicitation process being used by
the EPA is not a scientifically adequate approach to characterizing either the cen-
tral estimate nor associated range of potential values for changes in adverse health
outcomes associated with changes in ambient PM, s concentrations for contemporary
PM, 5 levels found across the United States. The process is at best an elicitation of
the opinions of a selected group of experts. It is not a substitute for rigorous sci-
entific characterization of uncertainty of the kind I understand was recommended
by the National Academy of Science/National Research Council in its 2002 report,
“Estimating the Public Health Benefits of Proposed Air Regulations.”

The outcome of the expert opinion elicitation process is influenced by five factors:

(1) the nature of the request from the sponsor, in this case the EPA, to the
organization or individual(s) eliciting the opinions;

(2) the nature of the questions posed by the opinion elicitators;

(3) the manner in which the experts are identified and selected;

(4) the scientific background and personal biases of the experts; and

(5) how the individual opinions are compiled and reported.

It is apparent that a requested organization can influence the results by how they
frame the question(s) presented for use in the elicitation process. In similar fashion
the manner in which the questions are posed to the experts is critical. I understand
that the central question asked, which was similar to that posed to me in the pilot
study, was “What is the percent reduction in excess health risks associated with a
1 m3 decrease in the ambient PM, 5 concentration” This question assumes that there
is a linear relationship between changes in PM, s concentrations and excess health
risks. This is an assumption, not a scientific fact. Indeed, I would argue that the
results of the recent papers by Enstrom (2005) and Laden et al. (2006) clearly indi-
cate a lack of a statistically

significant excess in mortality associated with contemporary ambient PM, 5 levels
and, thus, an absence of a linear exposure-response relationship at low levels of
PM, 5. Interestingly, this includes results from SouthernCalifornia and Stuebenville,
OH, areas in which PM, s levels were quite high in the past and have been substan-
tially reduced.

The scientific background of the experts, their personal biases and how they are
selected can influence the outcome of the elicitation process. Individuals whose re-
search findings are under consideration in the expert opinion elicitation process are
placed in an awkward position. Are they willing to set aside their own vested inter-
est in seeing their results used in favor of giving a broader opinion? In giving an
opinion, can they avoid being concerned with how the results will be used? Will a
tighter standard result in a generally more favorable view of their research?

The manner in which results are ultimately compiled and presented is of critical
importance. In the most recent process, the experts were polled individually and
then brought together as a group to re-affirm the outcome. I argue that this con-
sensus building approach suppresses uncertainty rather than contributing to a full
expression of uncertainty. I would urge the EPA Administrator to not give signifi-
cant weight to the results of the expert opinion elicitation process in setting the an-
nual standard for PM,s. Moreover, I definitely feel it would be inappropriate to use
the results of the expert elicitation process as input to the calculation of benefits
in the Regulatory Impact Analysis.

Let me again emphasize that it is my professional opinion that it is imperative
that the uncertainties associated with estimation of the excess adverse health effects
of exposure to PM, 5 at contemporary levels be rigorously characterized. In my opin-
ion, the EPA at each step in the PM review process, failed to adequately charac-
terize uncertainties. This was true of the Criteria Document, the Staff Paper and
the Risk Assessment that under-girded the Staff Paper.
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A rigorous uncertainty analyses would have started with critically examining the
base data from critical studies and the very sophisticated statistical methods used.
When the original published reports did not contain sufficient detail, the EPA
should have obtained more detailed data and, if necessary, conduct additional anal-
yses. This was done in a laudatory manner for some studies under the auspices of
the Health Effects Institute, however, even more critical analysis would have been
useful in better characterizing uncertainty in estimating PM, s risks.

For example, very little was done to examine the validity of the Cox proportional
hazard model for characterizing the very small estimated excess risks for PM, s ex-
posure and other confounders. Moolgavkar (2005 and 2006) has noted the limita-
tions in this widely used model for estimating small excess risks. In none of the key
studies being used to set the annual PM, 5 standard were results presented for ciga-
rette smoking, the major risk factor for cardiorespiratory disease. These results
would have given an indication of how well the Cox model was working for the
major risk factor, cigarette smoking, and, thus, gave some greater confidence in the
use of the model for characterizing much lower levels of risk for PM,s. If historical
information were not available on cigarette smoking this should have been identified
as an uncertainty and, indeed, quantified.

The impact of cigarette smoking is apparent from the analysis of Enstrom (2005)
using data for Southern California. Beyond presenting the analysis of PM- s risks,
the Enstrom paper also included the results of an analysis of the relative risk of
death from all causes by cigarette smoking status. These results are of special value
because they illustrate the substantial magnitude of the cigarette smoking effects
relative to other risk factors such as air pollution. The baseline was never smokers
(as of 1959 and 1972) for deaths 1973 to 2002 set at 1.000. Former smokers (as of
1959 and 1972) were Relative Risk (RR)-1.054 and increased to 1.253 for former
smokers (as of 1972 only). Current smokers (as of 1972) had relative risks that in-
creased with smoking intensity 1-9 cigarettes per day (cpd)RR-1.239; 10-19 cpdRR-
1.97 ¢cpdRR-1.871, 21-39 cpdRR-2.068 and 40+ cpdRR-2.543. The large relative risks
related to cigarette smoking level provide perspective for the small relative risks re-
ported for long-term PM, s exposure. Indeed, in part because he had smoking his-
tories available on the subjects in the Southern California cohort he was able to con-
clude These epidemiologic results do not support a current relationship between fine
particulate pollution and total mortality in elderly Californians, but they do not rule
out a small effect, particularly before 1988. For 1983-2002, the RR was 1.00. This
included a substantial number of individuals exposed to PM,s at concentrations
above the current Annual Standard of 15 m3. Moreover, the substantial effects of
cigarette smoking emphasize the importance of accurate inclusion of cigarette smok-
ing history in any long-term cohort study of the effects of PM and dictate that con-
sideration of smoking be included in any quantitative characterization of uncer-
tainty in estimating PM, s risks.

Question 2. Dr. McClellan, you have been on these panels for a long time. Does
the science ever point specifically to a number or are these standards really set in
the judgment of the Administrator?

Response. I have served on each of EPA Clean Air Scientific Advisory Committees
that have provided advice to the Administrator of the setting on revision of National
Ambient Air Quality Standards for Particulate Matter. There has been a general ac-
knowledgement by the Advisory Panel members that the science should inform the
decisions on the four elements of the standard; (a) indicator, such as PM, s, (b) aver-
aging time, such as annual, (c) numerical level, such as 15 m3, and (d) the statistical
form. There has also been general recognition that the Administrator has the ulti-
mate responsibility for setting the standard using his/her judgment. The Advisory
Panels have regularly reviewed and commented on the range of numerical levels
presented in the Staff Paper, thereby acknowledging that the science can inform a
broad range for setting the standard rather than the science yielding a specific nu-
merical level. Each successive review of the Particulate Matter standard has become
more contentious. In my opinion, some of the contentious nature has been driven
by early concern by special interest groups and some members of the Panel as to
the outcome of the process. In short, a premature view has developed that the PM, s
standard should be tightened, a view advanced long before the scientific evaluation
had been completed. One way for CASAC to enhance the potential for the standard
being tightened is to endorse a range of numerical values below that of the current
standard. If this is done the judgment of the Administrator is constrained. This is
exactly what was done when the CASAC PM Panel truncated the proposed range
for setting an Annual PM, s standard from 12 to 15 m3 to 13-14 m3. The CASAC
PM Panel advanced an argument for changing the lower limit of the range from 12
to 13 m3, i.e. uncertainty increased below 13 m3. In none of the letters from the
CASAC Chair to the Administrator was a rigorous rationale provided for reducing
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the upper bound of the range from 15 to 14 m3. In my view, by endorsing an excep-
tionally narrow range of 13 to 14 m3 the CASAC PM Panel ignored the uncertainty
in the science and attempted, inappropriately in my view, to exercise some of the
judgment that is reserved for the Administrator by the Clean Air Act. The CAA
wisely calls for CASAC to advise the Administrator and for the Administrator to use
judgment in setting the standard. The CASAC PM Panel, in narrowing the range
to 13 to 14 m3, stopped one small step short of attempting to set the PM, s Annual
standard.

Question 3. As a member of the CASAC panel was there complete agreement on
the recommendations.

Response. There was not complete agreement among CASAC PM Panel Members
on the narrowing of the range for the Annual PM, s standard from 12 to 15 G53
to 13 to 14 m3. George Wolff and I, who had both previously served as Chair of the
Clean Air Scientific Advisory Committee, disagreed with the proposal. It is of inter-
est that the decision to narrow the range was reached during short conference calls
of the Panel and by electronic exchanges among small groups of members. The deci-
sion was not one reached on the basis of a typical face-to-face public meeting of the
Panel. There was also intense pressure to obtain and present a consensus view and
to provide a letter from CASAC to the Administrator that was devoid of attached
individual views as customary for CASAC letters to the Administrator, especially on
important matters. I exercised my rights as a private citizen to prepare a letter to
the docket expressing my views on the setting of the PM standard. In my profes-
sional opinion, the available scientific information is consistent with setting an An-
nual PM s Standard in the range of 12 to 15 m3 as articulated in the EPA Staff
Paper with the specific numerical level to be selected by the Administrator based
on judgment as specified in the Clean Air Act.

PREPARED STATEMENT OF ANNE SMITH, VICE PRESIDENT, CRA INTERNATIONAL

Mr. Chairman and members of the committee, thank you for your invitation to
participate in today’s hearing. I am Anne Smith, and I am a Vice President of CRA
International. I am a specialist in environmental risk assessment and integrated as-
sessment to support environmental policy decisions, which was a core element of my
Ph.D. thesis at Stanford University in economics and decision sciences. I have per-
formed work in the area of risk assessment over the past 30 years, including as an
economist in the USEPA’s Office of Policy, Planning, and Evaluation, as a consult-
ant to the USEPA Air Office, and in many consulting engagements since then for
Government and private sector clients globally while employed first at Decision
Focus Incorporated and then CRA International. I have also served as a member
of several committees of the National Academy of Sciences focusing on risk assess-
ment and risk-based decision making.

I have been deeply involved in assessment of the evidence on risks from ambient
fine particulate matter (PM,s) since EPA first turned to the task of identifying an
appropriate National Ambient Air Quality Standard (NAAQS) for PM,s over 10
years ago. I testified to this same committee in 1997 on the nature of the scientific
evidence underlying the PM, s NAAQS proposed at that time. I thank you for the
opportunity to share my perspective today on the current scientific evidence and as-
sociated risk assessment for PM,s and how it has evolved since 1997. My written
and oral testimony today provide a statement of my own research and opinions, and
does not represent a position of my company, CRA International.

I would like to start by summarizing what I think are the most important and
overarching considerations that should be accounted for when considering whether
to alter the current PM, s NAAQS, which include an annual average limit of 15 m3
and a 24-hour average limit where the 98th percentile of observations over all days
must be below 65 m3. I will then summarize results of analyses I have done to syn-
thesize the recent PM, s health studies into an assessment of risks. Complete details
and documentation of my analyses are in my written comments on the current Pro-
posed Rule for a revised PM, s NAAQS, which were submitted into the PM, s docket
in April, 2006. I am attaching a copy of my written comments to EPA to further
substantiate the points that I make in my testimony today.

The key points that I wish to make about the scientific evidence on risks of PM; s
that are relevant for making a decision on the standard are:

o EPA and the courts recognize that the PM, s NAAQS must be set at a level that
still has some positive level of risk, because the science has yet to advance far
enough to identify any threshold exposure level for effects, below which risk would
be indistinguishable from zero. This was true in 1997 and it remains true today.
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e EPA’s own quantitative estimates of mortality risk at attainment of the current
NAAQS are lower today than they were when EPA set that standard in 1997 “with
an adequate margin of safety,” after accounting for the many uncertainties. This is
true for both long-term (“chronic”) exposures to PM,s (which are addressed by the
annual average limit) and short-term (“acute”) exposures (which are addressed by
the 24-hour average limit).

e The reduction in the quantitative estimates of risk is apparent even in EPA’s
own risk analysis, but most of the reasonable alternative results reported in the
?ame studies that EPA has relied on imply even lower quantitative risk estimates

or PM2_5.

e Looking more broadly beyond quantitative risk estimates, the many additional
studies of PM, s mortality risks since 1997 have demonstrated that many of the risk
estimates become “statistically insignificant” when re-estimated in reasonable alter-
native ways. A “statistically insignificant” result directly implies a positive prob-
ability that there is no effect at all. Thus, when we look at all of the data in the
new studies as a group, we find more statistical evidence now than was available
in 1997 that PM, s may not be the culprit pollutant, and that there may be no caus-
al relationship at all between PM, s and mortality.

In thinking about whether to tighten either the annual or daily standard, one
might ask, what has changed in our knowledge since 1997 that would undermine
the Administrator’s 1997 judgment that the current PM, s NAAQS are neither more
nor less stringent than necessary to protect the public health with an adequate mar-
gin of safety? A thorough review of the new evidence suggests that the margin of
safety that the Administrator selected in 1997 is likely to be larger than was
thought at the time.

QUANTITATIVE ESTIMATES OF RISK REMAINING AT THE CURRENT STANDARD HAVE
FALLEN

EPA has acknowledged that the PM,s NAAQS cannot be set at a level that cor-
responds to zero risk.! However, EPA has also argued that its quantitative risk esti-
mates cannot be used to identify a specific point where it should set a standard:

“[TIn the Administrator’s view, a risk assessment based on studies that do not re-
solve the issue of a threshold is inherently limited as a basis for standard setting,
since it will necessarily predict that ever lower standards result in ever lower risks,
which has the effect of masking the increasing uncertainty inherent as lower levels
are considered. As a result, while the Administrator views the risk assessment as pro-
viding supporting evidence for the conclusion that there is a need to revise the cur-
rent suite of PM,s standards, he judges that it does not provide a reliable basis to
determine what specific quantitative revisions are appropriate.”?2

I concur that a risk assessment that makes no attempt to incorporate the uncer-
tainty on where a threshold may exist will indeed only serve to promote ever lower
standards without a sound basis. Since EPA has not incorporated such uncertainty
into its risk assessment, that risk assessment is indeed incapable of helping to iden-
tify where to set the standard. However, since EPA views the risk assessment as
supporting a conclusion on whether there is a need to revise the standard, it is ap-
propriate and relevant to compare EPA’s current quantitative risk estimates and
the associated statistical measures of a PM,s effect to those estimates that were
available in 1997. In the Proposed Rule, EPA partially acknowledges that risk esti-
mates are lower today than in 1997 for the two cities that were included in both
its 1997 and current risk analyses. With respect to short-term exposure risk esti-
mates, EPA states that “the magnitude of the estimates associated with just meet-
ing the current annual standard... is similar in one of the locations. . . and the
current estimate is lower in the other location.” 3 With respect to the long-term ex-
posure risks, EPA states that the risk estimates “are very similar for the two spe-
cific locations included in both the prior and current assessments.” 4

EPA does not provide the actual numerical estimates for these two cities. They
are:

e For acute risks in Los Angeles, in 1997 EPA estimated that 1.7 percent of mor-
tality would continue to be attributable to PM,s once Los Angeles would be in at-
tainment with the current NAAQS. Today EPA’s risk estimate has fallen to 0.5 per-
cent and this current estimate is statistically insignificant (which means that there

1See, for example, the Proposed Rule, p. 2622 (i.e., 71 FR 2622).
271 FR 2648.
371 FR 2640.
471 FR 2640.
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is a fairly large chance that this particular estimate suggests that there is really
no PM, s effect at all).

e For acute risks in Philadelphia, in 1997 EPA estimated that 1.5 percent of mor-
tality would continue to be attributable to PM,s at attainment of the current
NAAQS. The risk estimate that EPA now uses for Philadelphia is 2.2 percent. Al-
though this is higher than in 1997, EPA has selected a single estimate out of a very
large number of estimates reported in the epidemiological study it is relying on for
Philadelphia. In fact, that study actually concluded that PM, s did not appear to ex-
plain the mortality risk as well as ozone, and the residual risk for PM, 5 after simul-
taneously accounting for the role of ozone would have produced a lower estimate—
about 0.8 percent—which is lower than in 1997. This more thoroughly-controlled es-
timate also is not statistically significant.

e Chronic risk estimates do not vary from city to city, because the statistical
method to estimate relative chronic risks produces a single value that applies to all
cities. I will therefore only relate the results for Los Angeles here. For chronic risks,
in 1997 EPA estimated that 2.0 percent of mortality would continue to be attrib-
utable to PM,s at attainment of the current NAAQS. Today, EPA’s risk estimate
for the same attainment status is 1.8 percent—in other words, the chronic risk esti-
mate also is lower now, even though the quote from the Proposed Rule above sug-
gests that the estimate has not changed.

The Proposed Rule only referred to a comparison of risks for these two cities.
However, it is actually possible to make the same comparison for the other six cities
that EPA has included in its current risk analysis. This is because there was only
one PM, s acute mortality study it could have used for each of those cities back in
1997 the same one that it used for Los Angeles and Philadelphia.5 For five of the
other six cities in the current risk analysis, EPA’s acute risk estimates today are
lower than they would have been estimated to be in 1997, and all the cities have
lower chronic risk estimates. Table 1 summarizes the cities and the results of my
comparison of their risk estimates.

When I reviewed the original papers that EPA is relying on, I also found that
EPA’s risk analysis has selectively used the highest or near-highest risk estimates
supported by each paper. This means that risks estimates that more fully reflect
the body of evidence are likely lower still than EPA’s risk analysis suggests. Addi-
tionally, as for Philadelphia, I found that San Jose would have had a much lower
risk estimate than in 1997—literally zero now—if EPA had chosen to use the one
reasonable alternative result for PM, s reported in the San Jose study.® Thus, the
full body of evidence can support risk estimates that would be lower now than in
1997 for every one of the eight cities in EPA’s current risk analysis.

5This was the paper by Schwartz, Dockery, and Neas (1996) on acute risks in six U.S. cities.
6That is, EPA’s risk estimate for San Jose is based on a 1-pollutant regression that associated
mortality with PM, s on the same day as death. The study also reported results of a comparable
1-pollutant regression that was identical in all ways except that it associated mortality with
PM, 5 from the day before death. The latter regression produced a negative risk estimate, which
I interpret to be evidence of no effect at all (rather than evidence of a beneficial effect of PM, s).
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Table 1. Comparison of EPA’s Risk Estimates for Attainment of the Current Standard Now
Versus in 1997.
Is statistical

Has EPA’s risk significance of
estimate gone estimate robust to

up or down alternative

since 19977 model choices?
Philadelphia Up Not robust
Los Angeles Down Not robust
Acute Phoenix *) Down Not robust
risk St. Louis (%) Down Not robust
Boston (*) Down Not robust
Detroit () Down Not robust
Pittsburgh (%) Down Nut robust
San Jose () Up Naot robust
gg;onic All Cities Down Not robust

(*) Although this city was not in the 1997 Risk Analysis, it is possible to determine what risk would have been estimated for each,
using the only data that were available in 1997, following EPA’s same decisions for Philadelphia and Los Angeles. Specifically,
the 1997 risk estimate is based on the “combined” estimate in Schwartz, Dockery, and Neas (1996) for all cities except for
Boston and St. Louis, for which it is the city-specific estimate in that paper.

Table 1 also reports that the PM, s findings are not statistically significant across
all of the alternative reasonable risk estimates in each underlying study. This was
not the case in 1997. At that time, there was a much more limited set of studies
and estimates within each study—but for some cities, all the estimates available at
the time were statistically significant. Today, the opposite it true. Every single
study that EPA has relied on for its current risk analysis contains alternative esti-
mates that indicate that PM, s does not have a statistically significant association
with mortality, yet EPA chose not to use this part of the new information.

In conclusion, EPA has stated that the risk assessment’s role is to provide “sup-
porting evidence” on whether there is a need to revise the PM, s standard. In this
role, EPA’s own risk analysis provides no evidence supporting a decision to tighten
the standard now. The risks are lower now than they were when the standard was
set in 1997. The higher estimates of risks were determined to be “requisite to pro-
tect the public health with an adequate margin of safety” in 1997, and the quan-
titative risk analysis suggests that that margin of safety has grown, not narrowed,
as a result of the many more recent PM, 5 health effects studies.

The question then remains whether other aspects of the new evidence provide an
overriding reason for tightening the standard. The other part of EPA’s reasoning for
how to set the standard relies on what EPA calls an “evidence-based approach.”
Simply put, EPA looks at all of the studies that estimate the statistical relationship
of PM, s with health effects, and seeks to identify a level of PM, s above which sta-
tistically significant effects are found, and below which statistically significant ef-
fects are not found.

In applying the evidence-based approach, EPA states that the large quantity of
new studies of acute effects justifies the use of acute studies to set the 24-hour
standard, and that chronic studies should be used to determine where to set the an-
nual standard:

“Given the extensive body of new evidence based specifically on PM, s that is now
available, and the resulting broader approach presented in the Staff Paper, the Ad-
ministrator considers it appropriate to use a different approach from that used in
the last review to select appropriate standard levels. More specifically, the Adminis-
trator’s proposal relies on an evidence-based approach that considers the much ex-
panded body of evidence from short-term exposure PM,s studies as the principal
basis for selecting the level of the 24-hour standard and the stronger and more robust
body of evidence from the long-term exposure PM, s studies as the principal basis for
selecting the level of the annual standard.”?

I will next discuss how the evidence in the long-term exposure studies of PM, s
has weakened since 1997, thus removing any necessity to tighten the annual stand-

771 FR 2648.
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ard under EPA’s evidence-based approach. I will then discuss how the evidence in
the short-term exposure studies of PM, 5 that are the basis for the 24-hour standard
also has weakened.

THE EVIDENCE IN LONG-TERM EXPOSURE STUDIES HAS WEAKENED SINCE 1997

In 1997, the two prominent long-term exposure studies (one based on a sample
population, or “cohort” in 154 U.S. cities that was tracked by the American Cancer
Society, and one based on a sample population in just six US cities that was tracked
by Harvard School of Public Health) both had published findings of a statistically
significant relationship between long-term exposure to PM,s and life expectancy.
These studies were subjected to an extensive process of reanalysis under the aus-
pices of the Health Effects Institute (HEI) that was released in 2000.8 This reanaly-
sis is widely reputed to have confirmed the original studies’ results; however, a com-
plete reading of the actual report shows that some major statistical concerns under-
lying those results were unearthed. Although a positive PM, 5 effect was still found
in those data sets, the ability to interpret those results as clearly causal in nature
was weakened.

EPA acknowledges that the concerns identified in the HEI reanalyses of the long-
term exposure studies for PM, s remain unresolved to the present time:

The Administrator also recognizes a contrasting view as to the interpretation of
and weight to be accorded to the results from the ACS-based studies (Pope et al.,
1995; Krewski et al., 2000; Pope et al., 2002). In this view, the ACS-based studies
are not sufficiently robust to support a policy response that would tighten the an-
nual PM, s standard based on the evidence. This view emphasizes the sensitivity of
the results of these studies to plausible changes in model specification with regard
to accounting for the geographical proximity of cities and the correlation of air pol-
lutant concentrations within a region, effect modification by education level, and in-
clusion of SO, in the model. In this view, these sensitivities suggest potential con-
founding or effect modification that has not been taken into account. For example,
concern has been raised about the sensitivity of results in the reanalysis of data
from the ACS cohort study (Krewski et al., 2000) to inclusion of SO, in the models.
[T]he reanalysis found that PM, s, sulfates, and SO, were each associated with mor-
tality in single-pollutant models. However, in two-pollutant models with SO, and
PM.,s, the relative risk for PM,s was substantially smaller and no longer statis-
tically significant, whereas the effect estimates for SO, were not sensitive to inclu-
sion of PM, s or sulfates in two-pollutant models. In this view, the ACS-based risk
estimates are more robust for SO, than for PM, s or sulfates. In further extended
analyses, Pope et al. (2002) reported that effect estimates were not highly sensitive
to spatial smoothing approaches intended to address spatial autocorrelation, while
findings of effect modification by education level were reaffirmed. Results of multi-
pollutant models were not reported by Pope et al. (2002). Because the correlation
coefficient between PM, 5 and SO, was 0.50 in the ACS data, in this view it is plau-
sible to believe that the independent effects of the two pollutants could be disentan-
gled with additional study.”?

The quote above is lengthy, which highlights that the concerns identified in the
long-term exposure studies are many. The quote above also indicates that the new
set of results using the American

Cancer Society cohort that was published after the HEI reanalyses (i.e., Pope et
al., 2002) did not help resolve these issues. Specifically, the 2002 paper ignores con-
cerns that the purported PM, s effect instead might be attributable to the gaseous
pollutant SO,, and re-affirms a troubling finding that PM, s only seems to create
mortality risk only for individuals who have not continued their education beyond
the high school level. (The latter finding is discussed further below.) Additionally,
the 2002 paper still finds that the PM, s effect is diminished and rendered insignifi-
cant when applying statistical methods to correct a clear statistical error that the
HEI report found in the original results. Nevertheless, the Pope et al. (2002) paper
continues to use the estimation method that is subject to error except in a sensi-
tivity analysis; and EPA continues to rely on the uncorrected estimates in its risk
analysis. Even with these dubious selections from the full body of literature, EPA’s
estimates of long-term exposure risk are lower than in 1997.

Figure 1 illustrates the degree to which the evidence on long-term exposure risk
has fallen, both in the overall magnitude of the risk estimate, and also in terms of
a greater degree of uncertainty in the estimate. Figure 1 uses the case of Los Ange-
les at attainment of the current standard, yet the relative patterns evident in this

8The report on findings of these reanalyses is Krewski et al. (2000).
971 FR 2652.
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figure are the same for all cities in the U.S. All of the risk estimates in Figure 1
labeled “1” through “7” are based on the American Cancer Society cohort, which has
received the majority of attention. The estimate on the far left of the figure, labeled
“1” is the estimate from 1997 (note that the estimate is 1.5 percent, as reported for
Los Angeles in the preceding section), and the estimates to the right are other key
results from the HEI reanalyses and from the more recent Pope et al. (2002) paper.
The estimate labeled “2” is the single result from the many new estimates that is
used for the current EPA estimates of long-term risk (which is 1.3 percent, as I stat-
ed in the previous section).

It is quite apparent from the figure that the current risk estimate is among the
highest that could be found among the more recent results. If any of the others (la-
beled “3” through “7”) had been used for EPA’s risk analysis, the current risk esti-
mate of 1.3 percent for Los Angeles would instead be in the range of 0.3 percent
to 1.0 percent—much lower than the original 1997 risk estimate that was available
when the current standard was first set.

The set of results on the far right of the figure (labeled “8” through “12”) reflect
the findings based on a new study of a third sample population that had not been
identified or studied as of 1997. It is known as the “Veterans’ Cohort.” I believe this
study to be of some policy relevance regarding whether or not the annual standard
needs to be tightened, given that this study finds no effect at all of PM,s on life
expectancy in this particular cohort. EPA has chosen to give “greatest weight” to
results from the American Cancer Society and the Six Cities cohorts because they
have been reanalyzed and scrutinized so thoroughly. While this may be a reasonable
judgment, EPA has actually gone further than that, and accorded the Veterans’ Co-
hort results zero weight. Its findings should be acknowledged with somewhat more
than zero weight. When one does so, the overall evidence regarding long-term PM, s
risks is further weakened.

Figure 1. Evidence of the Eroding Strength of Association in Long-Term PM; s Risk Studies
(estimates are for Los Angeles at attainment of the current standard)
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EPA also refers to the perplexing finding that level of education determines
whether or not there is a PM, s association. Figure 2 illustrates this finding, which
was first identified in the HEI reanalyses, and which remains in the more recent
Pope et al. (2002) study. Clearly education per se is not believed to be the cause
of sensitivity to exposure to PM,s, yet the important (and still unanswered) ques-
tion is: what is educational level indicating about risks that these sample popu-
lations face? What could possibly explain the complete lack of a PM, 5 effect among
those with higher educations? When such a pattern appears in epidemiological
study results, it indicates that there is still an important explanatory factor that
is missing from the statistical estimation method something correlated with edu-
cation. Until that factor is identified and included in the estimation of PM, s risks,
estimates of the effect of PM, s are biased. The PM, s estimate could be higher, or
it could vanish altogether. Thus, the unexplained pattern related to education in all
of these studies remains a very important warning about the pitfalls of making a
causal interpretation regarding long-term exposure risks of PM, s.

In summary, the evidence against a need to tighten the annual standard is not
just founded on the fact that the numerical long-term risk estimates are now lower
than when the current standard was set. The more important point is that the basis
for interpreting the long-term studies as unbiased evidence of a causal relationship
between PM,s and chronic mortality risk has weakened. This was a concern in
1997, and the reanalyses and new studies since then have done more to amplify
these concerns than to allay them. In the face of this evidence of greater uncer-
tainty, combined with the reduced quantitative risk estimates, there is no justifica-
tion for tightening the annual standard on the basis of the long-term exposure stud-
ies.

Figure 2. New Analyses of Long-Term Exposures Risks Since 1997 Find that Educational

Level Is an Important Determinant of Whether PM2.5 is Associated with Mortality
(Sources: “ACS/HEI” and “6-Cities/HEI" are based on numerical results reported in Krewski ef al. (2000), Summary
Table 3. Results cited from Pope ef al. (2002) are in Figure 4A of that paper.)
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A Summary CASAC’s Case for Tightening the Annual Standard

EPA’s Clean Air Scientific Advisory Committee (CASAC) has made the case to
tighten the annual standard with two lines of reasoning, neither of which is founded
on the long-term risk studies.10

CASACs first line of reasoning is that EPA reports substantial risk would remain
at the current standard. As EPA and the courts have long established, the PM, s
NAAQS cannot be a zero-risk standard. CASAC was concerned by the estimates of
remaining risk, but never deliberated the question of whether this risk estimate had
risen or fallen since the standard was deemed “requisite to protect the public health
with an adequate margin of safety.” As I have shown above, the risk estimates fell,
both for chronic and acute risks, but EPA never reported this fact to CASAC during

10 CASAC’s reasoning is stated in a letter to the Administrator on March, 21 2006, pp. 3-4.
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CASAC’s review of the Staff Paper and associated risk assessment. In the face of
this fact, the only other argument to tighten the annual standard might be if there
were stronger reason to believe that the effects found in these studies are causal
in nature. However, EPA set the current standards with a presumption (pre-
cautionary in nature) that the estimated PM, s risks were causal. This cannot there-
fore be the rationale to tighten the standards.

Hence, to argue that the standard should be tightened because there is evidence
that risk remains at the current standard is a logic that would force a tightening
of the standard in every future review cycle, even if no new evidence were to have
become available at all since the previous review. There is nothing in the law or
in precedent that dictates that the standard has to be tightened as the result of a
NAAQS review.

CASAC’s second line of reasoning comes closer to the heart of how EPA first set
the standard. CASAC notes that there are three new acute studies that find PM, s
associations with mortality at annual averages below the current annual standard
(all with reported annual averages in the range of 13 to 14 m3). These studies are:
Burnett and Goldberg (2003) for 8 Canadian cities combined; Mar et al. (2003) for
Phoenix, and Fairley (2003) for Santa Clara County, CA (referred to in the risk
analysis as San Jose).11

The first thing to realize about this part of CASAC’s case for a tightened annual
standard is that it is using studies that consider only how day-to-day changes in
PM, s levels affect day-to-day numbers of deaths relative to the number of deaths
that might otherwise be expected on each day (e.g., relative to numbers of deaths
that are expected to occur on each day based on established patterns related to the
time of year, time of week, weather, etc.). Such acute effects of a pollutant are gen-
erally believed to be associated with spikes in PM, 5, although studies to date rarely
report evidence of any threshold level below which the association disappears. Nev-
ertheless, there is no clear linkage between the annual average in a city, and the
extent to which day-to-day spikes in PM, s might be occurring. If an acute effect is
found in a city that happens to have a low annual average, there is no reason to
believe that the estimated association is not still due to sudden upward changes in
PM, s from one day to the next. The city may simply have a large number of very
clean days that pull the annual average PM, s down, while not eliminating the pres-
ence of many days of sudden increases in pollution that are logically likely to be
the cause of any acute risk that the study is finding.

Thus, it is not necessarily correct to assume that if acute risks are found in a city
with a low annual average pollution, then such risks exist in all cities with low an-
nual average pollution. In fact, if one believes that there must be a threshold where
the acute risk from exposure to pollution drops off somewhere above zero, then the
linkage between the annual average of pollution and existence of acute risk is not
only unclear, but illogical. For reasons such as these, EPA has decided to use the
plethora of acute risk studies now available to set the 24-hour standard that that
type of study more meaningfully informs. EPA has decided not to use acute studies
to set an annual standard.1?

Nevertheless, even if one were to use acute effects studies to determine an “ade-
quate margin of safety” for lower levels of long-term exposure to pollution, there are
good reasons to believe that the annual average PM, s reported for each of the three
studies cited by CASAC may not be a good indicator of the long-term exposure levels
that account for the risk findings in these studies. I explain why for each of the
three:

Goldberg and Burnett (2003). This study reports a PM, s association for eight Ca-
nadian cities combined. The annual average of 13.3 m3 is an average over all of the
eight cities, while the annual averages in the individual cities vary from 9.5 m3 to
17.7 m3. There are no city-specific results reported to help indicate whether the esti-
mate of an acute effect is due to effects in each of the eight cities, or only in a few.13
Evidence in the paper suggests that there may in fact be different effects in each
city.

11 CASAC actually cites a paper by Lipsett et al. (1997) in its letter, but that paper has noth-
ing to do with PM> s mortality. I interpret CASAC to have wanted to cite Fairley (2003).

12 See the quote on p. 5 above, taken from 71 FR 2648.

13 The other multi-city PM, s mortality studies (based on the Six Cities data set) report effects
by individual city as well as for the combined set. This was the data on which EPA set the cur-
rent standards, and in doing so, EPA used annual averages for only the individual cities that
did have significant effects within the set of six. The lowest such city was Boston, with an an-
nual average of 15.6 m3, which was the basis for the current annual average standard of 15
m3.
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Another concern with this study is that it is a reanalysis of a more comprehensive
study that included consideration of the role of gaseous pollutants as well.14 The
original study concluded that the gaseous pollutants had a much greater ability to
explain mortality risks

than both PM,s and PM,p»s combined. However, when the paper had to be re-
analyzed, the authors did not reanalyze the portions that considered gaseous pollut-
ants in conjunction with particulate pollution, and so this finding is no longer dis-
cussed.

Fairley (2003). This study used data from Santa Clara County, CA, over a seven
year period, and during that time pollution levels were falling dramatically. Al-
though the annual average PM, 5 that is attributed to this study is 13.6 m3, the an-
nual average was as high as 18.4 m3 at the start, and fell progressively to 9.5 m3
by the end of the 7 years studied.1> Peak levels of PM, s were also falling, starting
at a 98th percentile of 88 m3 for the first year and ending at 25 m3. Such a wide
range within this one city’s data set begs the question: are the reported acute effects
relationship driven largely by the high levels in the early years, or are they also
evident in the later years? This highly relevant question is never mentioned, let
alone analyzed, by the authors. Lacking any exploration of such an obviously rel-
evant issue, it would seem a dubious proposition to use the annual average over the
entire time period in this one study as the basis for a national ambient standard.

Another concern with this study is that it reports PM, s risk estimates for two al-
ternative methods of estimation, both of which are reasonable. One method con-
siders whether deaths tend to fluctuate with the same day’s PM, s levels and the
other method considers whether deaths tend to fluctuate with the previous day’s
PM, 5 levels. The same-day estimate finds the positive association that this study
is known for, but the estimate based on PM, s on just the previous day is actually
in the negative direction. Complete reversal of evidence of a PM, s mortality effect
by considering PM, s levels only 24 hours apart in time presents a concern for inter-
preting the study’s same-day estimate as a causal one. However, there is no discus-
sion of what these conflicting results might mean.

Mar et al. (2003). This study considered acute risks in Phoenix, AZ, with annual
average PM, s levels of 13.5 m3. There are 10 estimates of PM, s risk in the paper,
and only 3 of them are significant. More importantly, this is not the only paper that
studied the ability of this same set of PM,s data to explain acute mortality risks
in Phoenix. One of the other studies found that PM, s did not have any explanatory
power, and found instead that the coarse fraction of PM had explanatory power.16
The third study found evidence that there is a threshold below which PM, s’s appar-
ent ability to explain changes in daily mortality disappeared.l” That threshold ap-
peared to be above 20 m3. If there is a threshold, then the rationale for a linkage
between annual average PM, s and acute risks simply falls apart.

A final concern with all three of the Phoenix studies is that none of them consid-
ered whether the PM, s effect would remain if pollutants such as CO, SO, ozone,
or NO, were also included in the analysis. This is a critical gap in many of the cur-
rent studies because the new body of papers on PM,s health effects reveals that
PM, 5 effects usually disappear when one of the gaseous pollutants is explored. This
is addressed in the next part of my testimony.

In summary, CASAC makes its case to tighten the annual standard on the basis
of acute, not chronic effects studies. There are logical problems with this approach
to setting an annual standard; these logical problems become apparent when looking
at each of the three acute studies that CASAC cites as its basis for recommending
an annual standard that is tighter than the current one.

THE STATISTICAL EVIDENCE ON ACUTE EFFECTS OF PM; s HAS ALSO WEAKENED SINCE
1997.

In 1997, there existed only one study that had used actual measurements of PM, 5
and estimated whether daily numbers of deaths might be associated with day-to-
day variations in the PM,s. This was a study using the data from the Harvard
study of six U.S. cities reported in Schwartz et al. (1996), and it was used as the
basis for the current standards. In that study, statistically significant associations
of PM, s and acute mortality were found in three of the four cities with the highest
98th percentile PM, 5 levels, which ranged from 42 m3 to 44 m3. The city with the
highest PM, s 98th percentile (which was 82 mGb53) did not produce a statistically

14The original paper was Burnett et al. (2000)

15 To know this, one must go back and read the original study that this is a reanalysis of,
Fairley (1999).

16 Clyde et al. (2000).

17 Smith et al., (2000)
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significant association, nor did the two cities with the lowest 98th percentile levels
of 32 and 34 m3. This was the best available information at the time,. Other than
the anomaly for the city with the highest PM,s exposures, it did at least suggest
that there might be a range above which effects were more likely and below which
they were more unlikely.

While this study was used as the primary basis for the current standards (includ-
ing the annual standard), there were many concerns expressed with uncertainties
in the estimation methods. In particular, there was concern that this study had not
considered the explanatory role of any of the other common pollutants like CO, SO-,
ozone, and NO,. (These are often called the “gaseous pollutants” because that distin-
guishes them from various forms of particulate pollutants that are regulated under
the PM NAAQS.) It was argued that PM,s might be simply playing a proxy role
for a gaseous pollutant also present in the air in these cities.

As new acute PM, s studies were performed after 1997, a number of these studies
did strive to explore the respective roles of PM, s and gaseous pollutants in the ob-
served statistical associations. This was done by using “2-pollutant” or “multi-pollut-
ant” methods, as contrasted to the “l-pollutant” method that only allows a single
pollutant (e.g., PM, s in this case) to have any opportunity to explain mortality risk.
One of the little recognized but important insights of this body of studies is that
when gaseous pollutants also have been considered in a study, the gaseous pollutant
has taken over the explanatory role from PM, 5 in a majority of the cases.

I determined this in my review of the studies since 1997. Specifically, I attempted
to identify all of the PM, s health effects studies cited in the Criteria Document (in-
cluding both mortality and morbidity effects studies) that had reported results of
any estimates for PM, s using a 2-pollutant method of estimation for at least one
gaseous pollutant. I found 10 such papers among all the new studies that did report
a statistically significant association for PM, 5. Of these 10, 8 saw PM, s lose its abil-
ity to explain mortality risk when studied using a 2-pollutant method. (In the other
two studies, both the PM, s and gaseous pollutant retained statistical explanatory
power.)

Often it is suggested that 2-pollutant methods are not useful because it is impos-
sible to unravel the effects of two pollutants that both move up and down together
in near synchrony (i.e., they are highly “correlated”). However, my review of these
papers did not find evidence that this was a problem. If it were a problem, then
both the PM, s and gaseous pollutant would lose their explanatory power. What I
found instead was that in seven of the eight studies where PM, s lost its erstwhile
explanatory power when it was the only pollutant considered, the gaseous pollutant
retained its explanatory power. Otherwise stated, of the ten studies that I started
with, only one seemed to be affected by intractable statistical problems making it
impossible to unravel the separate effects of the two pollutants.

These papers are summarized in Table 2, which is more fully explained in my
written comments to EPA of April 2006, which I am submitting with this testimony.
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Table 2. Evidence from Recent Studies that Acute PM,; s Effect Estimate Is Often Lost When
Estimated in a 2-Pollutant Model with a Gaseous Co-Pollutant

Paper City Effect Estimated Was any PM, ¢ Gaseous Gaseous
Coefficient Pollutant Pollutant
Significant? Signif in 2-P? tncluded
1-p 2P
Deffino ef al,, 1997 Montreat ER visits Yes No Yes O,
Sheppard, 2003 Seattle Hosp adm Yes No {*} Yes co
Lipfert of al.,, 2000a Philadefphia Mortality Yes No Yes 0,
Korrick et al., 1998 NH Mins Lung function Yes Neo No Oy
indicators
Thurston et al., 1994 Toronto Hosp adm Yes No Yes [0
Moolgavkar, 2003 Los Angeles Hosp adm Yes No Yes CO, NO,
Mortality Yes No Yes ole]
Delfino of al., 1998 Montreal ER visits -Yes No Yes 0Oy
Peters ef al., 2000 E. Mass Arrhythmia Yes No Yes NO,
symptoms
Fairley, 2003 Santa Clara Co, CA Mortality Yes Yes Yes for peak | NO,, O;, CO
{San Jose) Oy
Gotd et al,, 2003 Boston HRY Yes Yes Yes for O, Q, NO,, S0,
Chock et al., 2000 Pittsburgh Mortality No No No Several

(**) For Sheppard (2003), the reanalyzed GAM-based 1-P and 2-P results were both significant. However, the GAM code produces 2
biased standard error that overstates significance levels, and hence GLM-based results are viewed as more reliable and should be used
when available, The GLM-based 1-P result is significant, while the GLM-based 2-P result in this paper is insignificant (albeit
borderline), and the relative risk level is reduced. Additionally, ali four of the seasonal coefficients for the 2-P GLM models are
insignificant.

The above findings represent just one of many ways that the new body of acute
effects evidence has been found to vary depending on the particular method of esti-
mation. Other sources of variation in the evidence include the methods for account-
ing for time and weather considerations. The new studies have demonstrated that
concerns with variability of epidemiological estimates of risk, which were expressed
but not well explored in 1997, are real. Table 1 at the beginning of my testimony
shows that even the “best” PM,s health effects studies that EPA could select for
its risk analysis present a highly uncertain picture of whether PM,s is playing a
causal role for acute effects. Even if there is a causal relationship, which is what
the current standard assumed when EPA set it in 1997, there appears to be great
difficulty in determining what the size of the effect is. The one trend that is clear
is that the size of the PM, s acute mortality estimates found in the many new stud-
ies since 1997 are generally lower than the estimates that were available when the
current standards were set.

As I have already noted, EPA has chosen to use an evidence-based approach to
set the 24-hour standard. EPA has proposed to tighten the 24-hour standard from
the current level of 65 m3 to 35 m3. This decision was made even though the quan-
titative risk estimates based on these studies are lower and statistically weaker
than they were when the standard was set. Nevertheless, it is true that there are
many more studies available now than at the time of the standard, and it is rel-
evant to ask if this new body of evidence might provide a better indication of a 98th
percentile PM, 5 level where observed effects start to drop off. EPA has attempted
to make such a case for a cut-off point of 35 m3 in the Proposed Rule.1® I have gone
through that case very carefully, and I have found it incomplete. I will state what
I found in general terms here.19

EPA’s verbal summary of its evidence-based approach used a selected subset of
ten PM,s mortality studies. I found another eight such acute studies of United
States or Canadian mortality cited in the Criteria Document, that used actual meas-

18 See 71 FR 2649.

19 My written comments to EPA that are being submitted into the record with this testimony
provide complete documentation of my review of the literature and application of an evidence-
based approach for the 24-hour standard. Although the full discussion includes both mortality
and morbidity studies, I only summarize the mortality findings here. However, the patterns I
describe are similar in studies of hospitalizations, emergency room visits, and frequency of
“symptoms” that are not severe enough to entail a hospital visit.20 Further, although a majority
of estimates are statistically significant because the paper focused on the lag period that was
found to be significant in the simplest, 1-pollutant starting point of the analysis, the single other
alternative 1-pollutant result found a negative risk estimate, implying no risk at all.
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urements of PM,s, and that did not appear to have any unreanalyzed statistical
problems associated with the GAM software. (If a single paper reports results for
more than one city, I treat each city as a separate “study”.) Six of the eighteen stud-
ies that I considered are the original “Six Cities” used to set the current standard.
All of the others are studies published between 1997 and the cut-off time for consid-
eration in this review cycle.

I read each study, and determined whether all the PM, s estimates reported in
a study were “more often insignificant than significant”, “a near 50-50 mix”, or
“more often significant than insignificant.” After categorizing them in this way, I
found that there is no clear pattern where statistically significant results tend to
be found for studies with higher PM, s levels, and that increasingly mixed evidence
is found in studies with progressively lower PM, s levels. Figure 3 graphically sum-
marizes my findings for the mortality studies. It shows that many of the data sets
with the highest 24-hour average PM,s levels demonstrate the least likelihood of
a statistically-significant association with mortality. This is contrary to what EPA
states in its discussion of the evidence-based approach in the Proposed Rule. I at-
tribute the difference to the fact EPA considered only a selected set of the new stud-
ies, and not the more complete set that I identified. (The ten studies EPA considered
are shown as blue diamonds in Figure 3, while the additional eight studies that I
also considered are shown as red diamonds in Figure 3.)

Figure 3 also shows that I determined that only 3 of the 18 studies found statis-
tically significant PM, s effects for a majority of the methods of estimation that they
reported. Of these:

e One is for eight Canadian cities combined by Goldberg and Burnett (2003),
which I described earlier in this testimony. Its 98th percentile value is about 39 m3,
but this value has the same flaw that I described for its annual average—the actual
peak exposures faced by people in the eight separate cities ranged from 27 to 48
m3, and there is no information to indicate which of the various city-specific 98th
percentiles might be accounting for the effects estimated when all cities are com-
bined.

e Another of these was Fairley (2003) for Santa Clara County, CA, with a 98th
percentile value of 59 m3, which I also discussed above. This study had very high
exposures at first, and we have no idea whether the statistical significance is related
to the earlier high levels, or equally attributable to later, lower PM, 5 peaks.20

e The third is the Boston data from the Harvard Six Cities study that served as
the basis for the current PM, s NAAQS in 1997. The magnitude and statistical sig-
nificance of the association observed in this data set has been reduced in reanalyses
since 1997, and none of these estimates include consideration of the potential role
of any gaseous pollutants in explaining these associations.

20 Furthery, although a majority of estimates are statistically significant because the paper
focused on the lag period that was found to be significant in the simplest, 1-pollutant starting
point of the analysis, the single other alternative 1-pollutant result found a negative risk esti-
mate, implying no risk at all.
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Figure 3. Summary of the Evidence of Statistically Significant Associations between PM; s and
Acute Mortality in 18 Locations.

(Source: Written comments of Anne E. Smith on EPA’s Proposed Rule, April 2006. Copy of these
comments is submitted with this testimony)
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In conclusion, the evidence regarding a causal relationship between short-term ex-
posures to PM, s and health has not strengthened since 1997. To draw this conclu-
sion, one must consider more than just the number of new studies that have re-
ported at least one statistically significant association; one must also explore the ex-
tent to which the effects reported in these studies remain statistically significant
under a range of different plausible methods for making such estimates. In par-
ticular, the new evidence strongly suggests that many or most of these associations
may actually be attributable to a gaseous pollutant, not PM, s.

But even setting aside the weaknesses in the statistical evidence, EPA’s evidence-
based approach for where to set a 24-hour standard for PM, s leads us right back
to the very data set on which the current PM,s NAAQS were based in the Boston
“Six Cities” data set. Thus, the evidence-based approach that EPA is trying to apply
provides little additional insight beyond the simple point that I started my testi-
mony with: the quantitative estimates of risks remaining at the current standards
are lower now than when they were determined to offer an “adequate margin of
safety.” They therefore do not support a tightening of the current NAAQS.

INTEGRATED ANALYSES OF ALTERNATIVE RESULTS MAY HELP INFORM
NAAQS DECISIONS BETTER

It is easy to feel lost regarding how to effectively interpret a plethora of alter-
native studies, and of alternative risk estimates within each study. EPA’s method
in performing risk analyses has been to rely on a single estimate that it selects from
the large pool of alternatives, and to base its summaries of quantitative risk esti-
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mates on that single estimate. In many of these summaries, even the statistical er-
rors associated with that one estimate are often not reported. Some, but not all, of
the remaining alternative estimates are studied through “sensitivity analyses.”
However, these are usually relegated to the back pages of a technical support docu-
ment. The result of this approach is that the degree of certainty about the risk esti-
mates becomes greatly overstated by the time summary results reach the eyes of
decision makers, advisors, and the public. Further, the method of selecting the sin-
gle risk estimate to rely on for the primary analysis can lead to a substantial bias
in the quantitative risk estimates reported.

There are alternative methods for performing risk assessments that integrate
multiple alternative risk estimates, and even key uncertainties that remain purely
judgmental. These methods are sometimes called probabilistic analysis, or inte-
grated uncertainty analysis. EPA has not used such methods in the documents sup-
porting the Administrator’s decision on the PM, s NAAQS, such as the Staff Paper.
I believe that such methods could be very useful, and would reveal better the true
ei()tent of uncertainty that I have tried to characterize qualitatively in my testimony
above.

In 2003, at an early stage of the drafting of the current risk assessment, I pre-
pared some illustrative examples of an integrated uncertainty analysis to show how
the reams and reams of sensitivity results in the risk assessment document could
be condensed to more decision-relevant information. The results of that illustrative
analysis remain of some interest:

o Using just the alternative long-term exposure studies in the Criteria Document,
I found that there could be about a 40 percent probability that there would be no
long-term mortality benefit from tightening the current NAAQS. I also estimated
that the probability that actual longterm mortality would be less than the primary
risk estimate that EPA reports in its risk analysis is about 75 percent.

e I did a less thorough example for the short-term mortality risk, based only on
Los Angeles. (Short-term risk estimates and their uncertainty vary by city). For Los
Angeles, I estimated a 42 percent probability there would be no benefits from tight-
ening the standard from the current level when using only the risk estimates that
EPA had itself cited in its risk analysis, and a 64 percent probability that acute risk
reductions would be lower than EPA’s primary risk estimate.2!

These probability estimates were based solely on actual estimates in the new body
of literature on PM, s mortality, and do not include any external judgments such
as whether any of these estimates can be interpreted as causal, whether some par-
ticles are more toxic than others, or the hypothetical presence of a threshold. (Con-
sideration of these issues would raise the probabilities that I calculated.) They are
strictly based in the published evidence reviewed in the Criteria Document. They
are thus indicative of the degree of uncertainty that the published studies them-
selves reveal.

I believe that the process of decision making leading up to the point where a new
rule is proposed would benefit greatly if such a synthesis of statistical and modeling
uncertainties were to be developed as a part of that process. Controversies would
remain regarding the judgments that are necessary for such estimates, but if they
are conducted in an open manner, with ample opportunity for public review and
comment, more insight about the overall implications of the body of scientific evi-
dence would be created before a decision must be made than we have at the present
moment. I emphasize that this should be done during the NAAQS review cycle, with
opportunities for public review and comment, before a rule is proposed.

RESPONSES BY ANNE SMITH TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question 1. As you stated in your statement, EPA, Dr. Thurston, and others seem
to be ignoring your argument that the acceptable level of risk identified in 1997 has
gone down. This is a very intuitive and convincing argument. If risk has gone down,
then the standard should not be revised. I would like to give you more time to ex-
plain this argument and respond to the other side.

Response. The current standards for PM,s were set by EPA in 1997 with full
knowledge that these standards would not reduce health risks to zero. The risk
analysis produced by EPA at that time reported positive estimates of risk remaining
at the current standard. EPA’s risk analysis also explicitly estimated lower levels
of risk for alternative, tighter standards than the standard that EPA ultimately se-

21For documentation of these calculations, see Smith (2003).
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lected. EPA had to defend the risk level that it adopted in court. The DC Circuit
Court of Appeals ruled that the risks associated with the current PM, s standards
were “requisite” to protect the public health with an adequate margin of safety, as
required by the Clean Air Act.! ( “Requisite” means that the standards are “not
lower or higher than is necessary” to protect public health with an adequate margin
of safety.2) Thus, the level of risk estimated in 1997 for the current standards was
associated with an adequate margin of safety.

As T wrote in my statement: “In thinking about whether to tighten either the an-
nual or daily standard, one might ask, what has changed in our knowledge since
1997 that would undermine the Administrator’s 1997 judgment that the current
PM, s NAAQS are neither more nor less stringent than necessary to protect the pub-
lic health with an adequate margin of safety? A thorough review of the new evi-
dence suggests that the margin of safety that the Administrator selected in 1997
is likely to be larger than was thought at the time.”

As I documented in my written testimony to the Committee, EPA’s own estimates
of health risks remaining at the current standards are lower now than the earlier
1997 estimates. They are lower in all cities for long-term exposure risks, and they
are lower for short-term exposure risks in 6 of the 8 cities that are in the current
risk analysis.

I presented my comparison of risk estimates from 1997 to those estimated today
in person to EPA air office staff on several occasions, and never heard any disagree-
ment regarding its factual accuracy. I have never heard secondhand of EPA staff
disagreeing with these facts in any subsequent meetings or conversations where I
was not present. I also submitted detailed documentation of the risk comparisons
in my written comments to EPA on the draft risk analysis documents and staff
paper for PM,s. However, EPA did not provide any such comparative analysis to
its Clean Air Scientific Advisory Committee (CASAC) during the course of CASAC’s
deliberations leading up to CASAC’s recommendation to EPA for tightening the
PM, 5 standards. Thus, CASAC members were probably unaware of these facts
when they made their recommendation.3

EPA is clearly aware of these facts, however, and even partially acknowledged
them at the time that it published the Federal Register notice for the proposed new
PM, s standards:

With respect to short-term exposure mortality and morbidity ... [clomparing the
risk estimates for the only two specific locations that were included in both the prior
and current assessments, the magnitude of the estimates associated with just meet-
ing the current annual standard, in terms of percentage of total incidence, is similar
in one of the locations (Philadelphia) and the current estimate is lower in the other
location (Los Angeles). . . . With respect to long-term exposure mortality risk esti-
mates, the estimates in terms of percentage of total incidence are very similar for
the two specific locations included in both the prior and current assessments.*

This quote is only a partial acknowledgment of the risk comparison, however, be-
cause it only mentions two cities’ risk estimates, and for those two cities, one risk
estimate rose and the other fell. However, there were actually 8 cities in the current
risk analysis, and the risk estimate has fallen in 6 of those 8. Further, the state-
ment that risk estimates are “similar” for long-term exposure does not reveal that
the current risk estimate is actually lower. Notably, this statement was made only
after EPA had finalized the Staff Paper, and after CASAC had made its rec-
ommendations.

Dr. Thurston, in his testimony before the committee, attempted to rebut my argu-
ment in the following way:

You know, I think that unfortunately what Dr. Smith has done here is exactly
what she accuses EPA of having done. She has cherry- picked certain results that
support her position and unfortunately hasn’t looked in a balanced unbiased way
at this question.®

This is a completely false statement, as anyone should be able to tell from the
record of the hearing: my comparison is based only on EPA’s own numbers. All that

1United States Court of Appeals for the District Of Columbia Circuit in American Trucking
Asso]gigtions, Inc., et al., v. Environmental Protection Agency, No. 97-1440, March 26, 2001.

21bid, p. 10

3 Although my risk comparisons are based on material that EPA placed into the record during
both the 1997 and current rulemakings, CASAC could not be expected to have easily made such
comparisons on their own. For one, the relevant measures of risk are not readily observed given
the formats in which EPA has presented its risk findings. Further, they require one to consult
risk analysis documents from 10 years ago.

4PR, p. 2640.

5 EPW Committee Hearing transcript, July 19, 2006.
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I have done is assemble the information from EPA documents and repeat it in a
format that allows a direct comparison. I made this clear in my own oral statement:

Risks due to long-term mortality have fallen in every location. The risks due to
daily exposure, which vary by city, have fallen in six of the eight cities that are in
EPA’s risk analysis. This new information suggests that the margin of safety pro-
vided by the current standards is actually greater than we originally thought. What
I have told you so far is based entirely on EPA’s own point estimates of risk.®

Dr. Thurston’s comment is an attempt to sidestep the inconvenient truth that
even EPA’s analyses support the conclusion that the estimates of mortality risk as-
sociated with the current ambient PM,s standard have fallen since the time that
they were deemed acceptable by EPA and the Court. His sidestepping tactic may
be useful in a purely oral exchange, but the transcript makes it clear that his com-
ment has no substance or merit in refuting my argument.

I did go on to describe how the evidence on lower risk estimates is even stronger
when one looks at the full body of evidence in the studies that have been released
since 1997, rather than just using EPA’s own numbers. However, it is illogical to
claim that I have “cherry-picked” the evidence when I show that the downward risk
trends would be more pronounced if I use almost any other risk estimate than those
used by EPA. This is the opposite of cherry-picking.

I would also like to directly address Dr. Thurston’s own argument that there is
new evidence to support tightening the annual standard. The essence of his argu-
ment is that further analyses of the American Cancer Society study find that there
is no evidence of a threshold in the long-term exposure risk data below the level
of the current annual standard. He presents a figure (Figure 3 in his written testi-
mony), that indicates that the risks from PM, s exposure extend below 15 m3, sup-
porting a reduction in the annual PM, s standard at this time.?” While it is true that
this specific figure had not been produced at the time that the current annual
standard was established, it does not provide a case for tightening the standard to
a level below 15 m3. Dr. Thurston’s implicit premise is that the PM,s standard
should be a zero-risk standard, which was not and still is not the premise of EPA
(and upheld by the Court). Moreover, EPA assumed that a causal relationship be-
tween PM, s and long-term mortality risk did exist down to 9 m3

in its risk analyses when it chose to set the annual standard at 15 m3. Thus, the
“new” information that Dr. Thurston says supports reducing the standard to a lower
level was already assumed to exist in the 1997 risk analyses.

Question 2. Your testimony indicates that EPA has selectively used study results
in developing the proposal. EPA emphasized studies that show associations between
particulates and negative health effects and ignored those that do not. You also
point out that in many of the studies relied upon, the associations become statis-
tically insignificant when another pollutant is included in the analysis. Please elabo-
rate.

Response. Each of the epidemiological studies of PM, s risk contains many dif-
ferent alternative estimates of risk. Different estimates of risk are possible because
the researchers have to specify what set of risk factors in addition to PM, s will be
simultaneously accounted for when estimating the quantitative amount of risk that
is associated with PM,s. For example, one can estimate a PM, s risk level with or
without also including the humidity level. PM s concentrations may tend to be high-
er on days of higher humidity, yet humidity is known to be a physiological stressor
and there is an established increased risk of a sick individual dying on the relatively
more humid days of a year. If humidity is left out of the analysis, then PM, 5 could
serve as a “proxy” for the missing humidity information, and this could bias the
level of risk estimated for PM,s upwards. All of the current studies take care to
address humidity, because its role as a stressor is so well established. However,
there is no objective method for determining exactly how to specify humidity. Fur-
ther, there are many alternative ways to specify a wide range of other factors that
also need to be accounted for to avoid bias in the PM,s effect, and not all of the
relevant health stressors are known. Thus, researchers tend to try different methods
for incorporating non-PM, s determinants of health, and each different method re-
sults in a different PM- s risk estimate.

Sometimes two seemingly comparable methods produce dramatically different re-
sults. For example, the study of PM,s risk in Santa Clara County, CA by Fairley
(2003) reports results of two estimates that differ in one single way: in one case,

6Ibid, emphasis added.

7Statement of Dr. George D. Thurston, Sc. D. to the Committee on Environment and Public
Works of the United States Senate RE: the Science and Risk Assessment of Particulate Matter
(PM) Air Pollution Health Effects, July 19, 2006.
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mortality risk one a particular day was compared to PM, s levels on the same day,
and in the second, mortality risk on each day was compared to PM, s levels that
occurred the day before.8 The first of these finds a positive and statistically signifi-
cant association between rises in PM, s and mortality risk. The second finds the op-
posite: a negative association (i.e., mortality risk tended to be lower if PM, s on the
day before had been relatively high). There is no objective statistical means for de-
termining whether one of these statistical findings is closer to the truth than the
other, but they produce extremely different estimates of health risk from ambient
PM, 5. In this case, EPA has selected the positive and statistically significant result
for use in its risk analysis, and EPA makes no mention of the opposite alternative
result that it could have selected from the same paper.

One important class of researcher judgments where very different risk estimates
can result is that related to “single-pollutant” versus “multi-pollutant” estimation
methods. Most commonly, the only pollutant that is included in the statistical esti-
mation procedure is PM, 5 (at least, in studies that report PM, s risk estimates). If
any other pollutant has an association with mortality risks, then PM, s will be the
only pollutant that could adopt its explanatory power and it will do so if PM,s is
statistically correlated with the missing pollutant. As a result, the PM, s risk esti-
mate will be biased, and may appear falsely to be statistically significant. In a
multi-pollutant statistical estimation procedure, PM, s and one or more other pollut-
ants are all included in the analysis at the same time. Then, each can account for
its own role as a health stressor, and the resulting estimates for each pollutant, in-
cluding PM, s, are less likely to be biased.

I attempted to identify all of the PM, s health effects studies cited in the Criteria
Document (including both mortality and morbidity effects studies) that had reported
results of any estimates for PM, s using a multi-pollutant method of estimation for
at least one gaseous pollutant. I found ten such papers among all the new studies
that did report a statistically significant association for PM, 5. Of these 10, 8 found
that PM, s lost its ability to explain mortality risk when studied using a 2-pollutant
method. (In the other two studies, both the PM,s and gaseous pollutant retained
statistical explanatory power.) This suggests a reasonable concern that PM,s may
not be the pollutant that is actually causing the reported health risks. However,
EPA’s risk analysis is relying solely on the one-pollutant results from each of these
papers, and thus is overstating the degree of confidence in these results. Notably,
2 of the 8 cities in EPA’s risk analysis are being estimated using single-pollutant
estimates from papers that also reported that PM,s risk estimates are not statis-
tically significant if estimated in a two-pollutant model: Los Angeles and Philadel-
phia.®, 10 In both cases, the authors concluded that a different pollutant had more
explanatory power than PM, 5, yet EPA has used only the obviously biased estimate
of PM,s risk that came from the single-pollutant methods that the original re-
searchers have repudiated. (Even with use of the one-pollutant estimate, EPA’s mor-
tality risk estimate for Los Angeles is not statistically significant.)

In my response so far, I have explained how EPA has been selective in the way
it has made risk estimates for 3 of the 8 cities in its mortality risk assessment (.e.,
for Santa Clara County/San Jose, Philadelphia, and Los Angeles). Problems with the
remaining 5 cities risk estimates also deserve mention:

e For both Pittsburgh and Detroit, the risk estimate that EPA uses is not statis-
tically significant.11, 12

e For Phoenix, there are 2 other papers by other authors that use the same PM, 5
data set.13 One of the other papers finds no PM,s association at all (but does find

8Fairley, D. (2003) Mortality and Air Pollution for Santa Clara County, CA, 1989-1996 Re-
vised Analyses of Time-series Studies of Air Pollution and Health, Special Report. Boston, MA:
Health Effects Institute; pp. 97-106.

9 Moolgavkar, S. H. (2003) ”“Air Pollution and Daily Deaths and Hospital Admissions in Los
Angeles and Cook Counties” Revised Analyses of Time-series Studies of Air Pollution and
Health, Special Report Boston, MA: Health Effects Institute; pp. 183-198.

10 Lipfert, F. W.; Morris, S. C‘; Wyzga, R. E. (2000a) Daily Mortality in the Philadelphia Met-
ropolitan Area and Size-classified Particulate Matter Journal of the Air & Waste Management
Association 15011513.

11Chock, D. P.; Winkler, S.; Chen, C. (2000) A Study of the Association Between Daily Mor-
tality and Ambient Air Pollutant Concentrations in Pittsburgh, Pennsylvania Journal of the Air
& Waste Management Association 50: 1481-1500.

12Tto, K. (2003) Associations of Particulate Matter Components with Daily Mortality and Mor-
bidity in Detroit, Michigan. Revised Analyses of Time-series Studies of Air Pollution and Health.
Special report. Boston, MA: Health Effects Institute; pp. 143-156.

13The paper EPA relies on is: Mar, T. F.; Norris, G. A.; Larson, T. V.; Wilson, W. E.; Koenig,
J. Q. (2003) ”Air Pollution and Cardiovascular Mortahty in Phoenlx 1995-1997” Revised Anal-
yses of Time-series Studies of Air Pollution and Health, Special Report Boston, MA: Health Ef-
fects Institute; pp. 177-182.
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a coarse fraction association).14 The third paper reports a PM,s association only
above a threshold. EPA’s risk assessment does not include such a threshold.15

e Risk estimates for both St. Louis and Boston are based on single-pollutant
methods because the researchers do not report any multi-pollutant methods at
all.16, 17 However, for both cities, the authors do report a number of different PM; s
risk estimates using different ways of accounting for non-pollutant variables that
also account for changes in mortality risk and EPA has adopted the estimate for
each city that produces the highest level of PM,s risk. Several of the alternative
estimates are also not statistically significant (particularly for St. Louis). There is
no reason to expect those higher risk estimates to be more valid than the alternative
estimates reported by the researchers. In summary, there is a substantial amount
of uncertainty associated with risk estimates for all eight of the cities in EPA’s cur-
rent risk assessment. The way EPA has selected a single risk estimate out of the
many estimates provided in the original epidemiological studies for each city has a
clear tendency to overstate the level of PM,s mortality risk and to understate the
uncertainties.

Question 3. Please summarize the concerns that you have with the three studies
that CASAC relied on in recommending a tightened annual standard.

Response. CASAC notes that there are three new acute studies that find PM, 5
associations with mortality at annual averages below the current annual standard
(all with reported annual averages in the range of 13 to 14 g/m3). Most importantly,
there are logical flaws in setting an annual standard based on studies of daily mor-
tality risk. Acute risks are associated with increases in PM,s on certain days and
there is no logical link between the the annual average conditions at a given loca-
tion and the riskiness of spikes in PM, s at that location.

However, even if one were to want to set an annual standard based on short-term
exposure risk studies, each of these papers presents reasons to be concerned about
the prospect of using them as the basis for a national standard:

Goldberg and Burnett (2003).18 This study reports a PM, s association for eight
Canadian cities combined. The annual average of 13.3 m3 is an average over all of
the eight cities, while the annual averages in the individual cities vary from 9.5 m3
to 17.7 m3. There are no city-specific results reported to help indicate whether the
estimate of an acute effect is due to effects in each of the eight cities, or only in
a few.19 Evidence in the paper suggests that there may in fact be different effects
in each city.

Another concern with this study is that it is a reanalysis of a more comprehensive
study that included consideration of the role of gaseous pollutants as well.20 The
original study concluded that the gaseous pollutants had a much greater ability to
explain mortality risks than both PM,s and PM;¢,s combined. However, when the
paper had to be reanalyzed, the authors did not reanalyze the portions that consid-
ered gaseous pollutants in conjunction with particulate pollution, and so this finding
is no longer discussed.

14 Clyde, M. A.; Guttorp, P.; Sullivan, E. (2000) "Effects of Ambient Fine and Coarse Particles
on Mortality in Phoenix, Arizona” Seattle, WA: University of Washington, National Research
Center for Statistics and the Environment; NRCSE technical report series, NRCSE-TRS no. 040.

15Smith, R. L.; Spitzner, D.; Kim, Y.; Fuentes, M. (2000) "Threshold Dependence of Mortality
Effects for Fine and Coarse Particles in Phoenix, Arizona” Journal of the Air & Waste Manage-
ment Association 50: 1367-1379.

16 Klemm, R. J.; Mason, R. (2003) “Replication of Reanalysis of Harvard Six-City Mortality
Study.” Revised Analyses of Time-series Studies of Air Pollution and Health. Special report. Bos-
ton, MA: Health Effects Institute; pp. 165-172.

17Schwartz, J. (2003) “Daily Deaths Associated with Air Pollution in Six US Cities and Short-
term Mortality Displacement in Boston” Revised Analyses of Time-series Studies of Air Pollution
and Health. Special report. Boston, MA: Health Effects Institute; pp. 219-226.

18 Burnett, R. T.; Goldberg, M. S. (2003) “Size-fractionated Particulate Mass and Daily Mor-
tality in Eight Canadian Cities.” Revised Analyses of Time-series Studies of Air Pollution and
Health. Special report. Boston, MA: Health Effects Institute; pp. 85-90.

19The other multi-city PM s mortality studies (based on the Six Cities data set) report effects
by individual city as well as for the combined set. This was the data on which EPA set the cur-
rent standards, and in doing so, EPA used annual averages for only the individual cities that
did have significant effects within the set of six. The lowest such city was Boston, with an an-
nual average of 15.6 um3, which was the basis for the current annual average standard of 15
m3.

20 Burnett, R. T.; Brook, J.; Dann, T.; Delocla, C.; Philips, O.; Cakmak, S.; Vincent, R.; Gold-
berg, M. S.; Krewski, D. (2000) “Association Between Particulate- and Gas-phase Components
of Urban Air Pollution and Daily Mortality in Eight Canadian Cities” In: Grant, L. D., ed.
PM2000: Particulate Matter and Health. Inhalation Toxicology 12(suppl. 4): 15-39.
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e Fairley (2003).21This study used data from Santa Clara County, CA, over a
seven year period, and during that time pollution levels were falling dramatically.
Although the annual average PM, s that is attributed to this study is 13.6 m3, the
annual average was as high as 18.4 m3 at the start, and fell progressively to 9.5
m3 by the end of the 7 years studied.22 Peak levels of PM, s were also falling, start-
ing at a 98th percentile of 88 m3 for the first year and ending at 25 m3. Such a
wide range of PM, s levels within this one city’s data set begs the question: Are the
reported acute effects relationship driven largely by the high levels in the early
years, or are they also evident in the later years? This highly relevant question is
never mentioned, let alone analyzed, by the authors. Lacking any exploration of
such an obviously relevant issue, it would seem a dubious proposition to use the an-
nual average over the entire time period in this one study as the basis for a national
ambient standard.

Another concern with this study is that it reports PM, s risk estimates for two al-
ternative methods of estimation, both of which are reasonable. One method con-
siders whether deaths tend to fluctuate with the same day’s PM, s levels and the
other method considers whether deaths tend to fluctuate with the previous day’s
PM, s levels. The same-day estimate finds the positive association that this study
is known for, but the estimate based on PM, s on just the previous day is actually
in the negative direction. Complete reversal of evidence of a PM, s mortality effect
by considering PM, s levels only 24 hours apart in time presents a concern for inter-
preting the study’s same-day estimate as a causal one. However, there is no discus-
sion of what these conflicting results might mean.

e Mar et al. (2003).23 This study considered acute risks in Phoenix, AZ, with an-
nual average PM, s levels of 13.5 m3. There are ten estimates of PM, s risk in the
paper, and only three of them are significant. More importantly, this is not the only
paper that studied the ability of this same set of PM s data to explain acute mor-
tality risks in Phoenix. One of the other studies found that PM, s did not have any
explanatory power, and found instead that the coarse fraction of PM had explana-
tory power.24 The third study found evidence that there is a threshold below which
PM,s’s apparent ability to explain changes in daily mortality disappeared.2> That
threshold appeared to be above 20 m3. If there is a threshold, then the rationale
for a linkage between annual average PM, s and acute risks simply falls apart.

A final concern with all three of the Phoenix studies is that none of them consid-
ered whether the PM, s effect would remain if pollutants such as CO, SO,, ozone,
or NO, were also included in the analysis. This is a critical gap in many of the cur-
rent studies because the new body of papers on PM,s health effects reveals that
PM, 5 effects usually disappear when one of the gaseous pollutants is explored. (My
response to Question 2 above addresses this point in more detail.)

STATEMENT OF JOHN STEPHENSON, DIRECTOR, NATURAL RESOURCES AND
ENVIRONMENT, U.S. GENERAL ACCOUNTABILITY OFFICE

Mr. Chairman and members of the committee, I am pleased to be here today as
the committee considers the science and risk assessment supporting the Environ-
mental Protection Agency’s (EPA) proposed revisions to the national air quality
standards for particulate matter. A large body of scientific evidence links exposure
to particulate matter a ubiquitous form of air pollution commonly referred to as soot
to serious health problems, including asthma, chronic bronchitis, heart attack, and
premature death. Under the Clean Air Act, EPA periodically reviews the appro-
priate air quality level at which to set national standards to protect the public
against the health effects of particulate matter. As you are aware, EPA proposed
revisions to the particulate matter standards in January 2006 and issued a draft
regulatory impact analysis of the revisions expected costs and benefits.

EPA’s estimates of the expected benefits from its air pollution regulations have
often been controversial, and the methods the agency has used to prepare these esti-
mates have been questioned. In 2000, at the direction of the Senate Appropriations
Committee, EPA asked the National Academies (Academies) to evaluate EPA’s over-
all methodology for estimating the health benefits of proposed air regulations. In
2002, the Academies issued a report that made recommendations focusing on con

21 Fairley, op. cit.

22To know this, one must go back and read the original study that Fairley (2003) reanalyzes:
Fairley, D. (1999) Daily Mortality and Air Pollution in Santa Clara County, CA: 1989-1996? En-
vironmental Health Perspectives 107: 637-641.

23 Mar et al., op. cit.

24 Clyde et al., op. cit.

25 Smith et al., op. cit.
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ducting more rigorous assessments of uncertainty, increasing the transparency of
how EPA estimates benefits, conducting more detailed analyses of exposure, and es-
timating the benefits of each regulatory option under consideration. My testimony
summarizes the highlights of our report being released today on the extent to which
EPA applied the recommendations made by the Academies to its January 2006 pro-
posed revisions to the particulate matter standards.! Our report provides a more de-
tailed discussion of each recommendation, including whether and how EPA applied
it to the regulatory impact analysis on particulate matter.

SUMMARY

While the National Academies report generally supported EPA’s overall approach
to estimating benefits, it included 34 recommendations for improvements. EPA has
begun to change the way it conducts and presents its analyses of health benefits
in response to the National Academies? recommendations. In the case of the Janu-
ary 2006 proposed rule on particulate matter standards, EPA applied, at least in
part, about two-thirds of the recommendations to its particulate matter health ben-
efit analysis; it applied 8 and partially applied 14 more. For example, in applying
the recommendations, EPA evaluated how benefits might change given alternative
assumptions and discussed sources of uncertainty not included in the benefit esti-
mates. In addition, EPA applied an alternative technique for evaluating one impor-
tant source of uncertainty in its analysis the uncertainty underlying the causal link
between exposure to particulate matter and premature death. Consistent with the
National Academies recommendation to assess uncertainty by developing ranges of
estimates of benefits and specifying the likelihood of attaining those levels of bene-
fits, EPA systematically gathered expert opinions about this link and developed
ranges reflecting the experts confidence in attaining reductions in premature death
expected from the proposed revisions. However, the health benefit analysis did not
assess how the benefit estimates would vary in light of other key uncertainties as
the Academies recommended. Consequently, EPA’s response represents a partial ap-
plication of the recommendation. Agency officials told us that ongoing research and
development efforts will allow EPA to gradually make more progress in applying
this and other recommendations to future analyses.

EPA did not apply the remaining 12 recommendations to the analysis, such as
the recommendation to evaluate the impact of using the assumption that the compo-
nents of particulate matter are equally toxic. EPA officials viewed most of these 12
recommendations as relevant to its health benefit analyses but noted that the agen-
cy was not ready to apply specific recommendations because of, among other things,
the need to overcome technical challenges stemming from limitations in the state
of available science. For example, EPA did not believe that the state of scientific
knowledge on the relative toxicity of particulate matter components was sufficiently
developed to include it in the January 2006 regulatory impact analysis, but the
agency is sponsoring research on this issue.

BACKGROUND

EPA is required by the Clean Air Act to conduct reviews of the National Ambient
Air Quality Standards (NAAQS) for the six criteria pollutants, including particulate
matter, every 5 years to determine whether the current standards are sufficient to
protect public health, with an adequate margin of safety. If EPA decides to revise
the NAAQS, the agency proposes changes to the standards and estimates the costs
and benefits expected from the revisions in an assessment called a regulatory im-
pact analysis. In January 2006, EPA prepared a regulatory impact analysis for one
such rule?particulate matter that presented limited estimates of the costs and bene-
fits expected to result from the proposed particulate matter rule. EPA developed the
estimates by, for example, quantifying the changes in the number of deaths and ill-
nesses in five urban areas that are likely to result from the proposed rule.

The National Academies’ 2002 report examined how EPA estimates the health
benefits of its proposed air regulations and emphasized the need for EPA to account
for uncertainties and maintain transparency in the course of conducting benefit
analyses. Identifying and accounting for uncertainties in these analyses can help de-
cision makers evaluate the likelihood that certain regulatory decisions will achieve
the estimated benefits. Transparency is important because it enables the public and
relevant decision makers to see clearly how EPA arrived at its estimates and conclu-
sions. Many of the recommendations include qualifying language indicating that it

1See GAO, Particulate Matter: EPA Has Started to Address the National Academies Rec-
ommendations on EstimatingHealth Benefits, but MoreProgress Is Needed, GAO-06-780 (Wash-
ington, DC: July 14, 2006).
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is reasonable to expect that they can be applied in stages, over time; moreover, a
number of the recommendations are interrelated and, in some cases, overlapping.
Soon after the National Academies issued its report, EPA roughly approximated the
time and resource requirements to respond to the recommendations, identifying
those the agency could address within 2 or 3 years and those that would take
longer. According to EPA officials, the agency focused primarily on the numerous
recommendations related to analyzing uncertainty. As is discussed below, EPA ap-
plied some of these recommendations to the particulate matter analysis.

EPA Applied Some, but Not All, of the National Academies Recommendations to
the Particulate Matter Regulatory Impact Analysis

EPA applied either wholly or in part approximately two-thirds of the Academies
recommendations in preparing its January 2006 particulate matter regulatory im-
pact analysis and continues to address the recommendations through ongoing re-
search and development. According to EPA, the agency intends to address some of
the remaining recommendations in the final rule and has undertaken research and
development to address others.

Recommendations EPA Applied or Partially Applied to Its Particulate Matter Health
Benefit Analysis

The January 2006 regulatory impact analysis on particulate matter represents a
snapshot of an ongoing EPA effort to respond to the National Academies rec-
ommendations on developing estimates of health benefits for air pollution regula-
tions. Specifically, the agency applied, at least in part, approximately two-thirds of
the recommendations 8 were applied and 14 were partially applied by taking steps
toward conducting a more rigorous assessment of uncertainty by, for example, eval-
uating the different assumptions about the link between human exposure to particu-
late matter and health effects and discussing sources of uncertainty not included in
the benefit estimates. According to EPA officials, the agency focused much of its
time and resources on the recommendations related to uncertainty. In particular,
one overarching recommendation suggests that EPA take steps toward conducting
a formal, comprehensive uncertainty analysis the systematic application of mathe-
matical techniques, such as Monte Carlo simulation and include the uncertainty
analysis in the regulatory impact analysis to provide a more realistic depiction of
the overall uncertainty in EPA’s estimates of the benefits.2

Overall, the uncertainty recommendations call for EPA to determine (1) which
sources of uncertainties have the greatest effect on benefit estimates and (2) the de-
gree to which the uncertainties affect the estimates by specifying a range of esti-
mates and the likelihood of attaining them. In response, EPA examined a key source
of uncertainty its assumption about the causal link between exposure to particulate
matter and premature death and presented a range of expected reductions in death
rates. EPA based these ranges on expert opinion systematically gathered in a multi-
phased pilot project. The agency did not, however, incorporate these ranges into its
benefit estimates as the National Academies had recommended.

Moreover, the Academies recommended that EPA’s benefit analysis reflect how
the benefit estimates would vary in light of multiple uncertainties. In addition to
the uncertainty underlying the causal link between exposure and premature death,
other key uncertainties can influence the estimates. For example, there is uncer-
tainty about the effects of the age and health status of people exposed to particulate
matter, the varying composition of particulate matter, and the measurements of ac-
tual exposure to particulate matter. EPA’s health benefit analysis, however, does
not account for these key uncertainties by specifying a range of estimates and the
likelihood of attaining them. For these reasons, EPA’s responses reflect a partial ap-
plication of the Academies recommendation.

In addition, the Academies recommended that EPA both continue to conduct sen-
sitivity analyses on sources of uncertainty and expand these analyses. In the partic-
ulate matter regulatory impact analysis, EPA included a new sensitivity analysis re-
garding assumptions about thresholds, or levels below which those exposed to par-
ticulate matter are not at risk of experiencing harmful effects. EPA has assumed
no threshold level exists that is, any exposure poses potential health risks.? Some

2Monte Carlo simulation refers to a computer-based analysis that uses probability distribu-
tions for key variables, selects random values from each of the distributions simultaneously, and
repeats the random selection over and over. Rather than presenting a single outcome such as
the mostly likely or average scenario Monte Carlo simulations produce a distribution of out-
comes that reflect the probability distributions of modeled uncertain variables.

3Recent EPA analyses used the natural background concentrations of particulate matter,
rather than zero, for its assumption of no threshold level. The National Academies supported
the assumption of no threshold level, but it recommended that EPA conduct a consistent and
transparent sensitivity analysis to consider various threshold levels.
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experts have suggested that different thresholds may exist, and the National Acad-
emies recommended that EPA determine how changing its assumption that no
threshold exists would influence the estimates. The sensitivity analysis EPA pro-
vided in the regulatory impact analysis examined how its estimates of expected
health benefits would change assuming varying thresholds.

In response to another recommendation by the National Academies, EPA identi-
fied some of the sources of uncertainty that are not reflected in its benefit estimates.
For example, EPA’s regulatory impact analysis disclosed that its benefit estimates
do not reflect the uncertainty associated with future year projections of particulate
matter emissions. EPA presented a qualitative description about emissions uncer-
tainty, elaborating on technical reasons such as the limited information about the
effectiveness of particulate matter control programs why the analysis likely under-
estimates future emissions levels.

Recommendations EPA Did Not Apply to the Particulate Matter Analysis

EPA did not apply the remaining 12 recommendations to the analysis for various
reasons. Agency officials viewed most of these recommendations as relevant to its
health benefit analyses and, citing the need for additional research and develop-
ment, emphasized the Agency’s commitment to continue to respond to the rec-
ommendations. EPA has undertaken research and development to respond to some
of these recommendations but, according to agency officials, did not apply them to
the analysis because the agency had not made sufficient progress.

For example, EPA is in the process of responding to a recommendation involving
the relative toxicity* of components of particulate matter, an emerging area of re-
search that has the potential to influence EPA’s regulatory decisions in the future.>
Hypothetically, the agency could refine national air quality standards to address the
potentially varying health consequences associated with different components of
particulate matter. The National Academies recommended that EPA strengthen its
benefit analyses by evaluating a range of alternative assumptions regarding relative
toxicity and incorporate these assumptions into sensitivity or uncertainty analyses
as more data become available.® EPA did not believe the state of scientific knowl-
edge on relative toxicity was sufficiently developed at the time it prepared the draft
regulatory impact analysis to include this kind of analysis. In a separate report
issued in 2004, the National Academies noted that technical challenges have im-
peded research progress on relative toxicity but nonetheless identified this issue as
a priority research topic. The Clean Air Scientific Advisory Committee also noted
the need for more research and concluded in 2005 that not enough data are avail-
able to base the particulate matter standards on composition. The Office of Manage-
ment and Budget, however, encouraged EPA in 2006 to conduct a sensitivity anal-
ysis on relative toxicity and referred the agency to a sensitivity analysis on relative
toxicity funded by the European Commission.

We found that EPA is sponsoring research on the relative toxicity of particulate
matter components. For example, EPA is supporting long-term research on this
issue through its intramural research program and is also funding research through
its five Particulate Matter Research Centers and the Health Effects Institute. In ad-
dition, an EPA contractor has begun to investigate methods for conducting a formal
analysis that would consider sources of uncertainty, including relative toxicity. To
date, the contractor has created a model to assess whether and how much these
sources of uncertainty may affect benefit estimates in one urban area. Agency offi-
cials told us, however, that this work was not sufficiently developed to include in
the ﬁlnal lparticula‘ce matter analysis, which it says will present benefits on a na-
tional scale.

4 Particulate matter is a highly complex mixture comprising particles emitted directly from
sources and particles formed through atmospheric chemical reactions. Particles span many sizes
and shapes and consist of hundreds of different chemicals. EPA identifies the major components
of fine particulate matter as carbon, sulfate and nitrate compounds, and crustal/metallic mate-
rials such as soil and ash.

5Relative toxicity refers to the premise that different components of particulate matter have
different levels of potency affecting premature mortality and illness. In the draft particulate
matter regulatory impact analysis, EPA assumed equivalent toxicity, stating that while it is rea-
sonable to expect that the potency of components may vary across the numerous effect cat-
egories associated with particulate matter, EPA’s interpretation of scientific information consid-
ered to date is that such information does not yet provide a basis for quantification beyond using
fine particle mass. EPA, Draft Regulatory Impact Analysis for the PMPM., s National Ambient
Air Quality Standards (Washington, DC, 2006), 3-21.

6In the context of the National Academies recommendations, a sensitivity analysis would as-
sess how changes in one or more variables affect the outcome, whereas a comprehensive or for-
mal uncertainty analysis evaluates the probability distributions of multiple variables.



90

Another recommendation that EPA did not apply to the particulate matter anal-
ysis focused on assessing the uncertainty of particulate matter emissions. The Na-
tional Academies recommended that EPA conduct a formal analysis to characterize
the uncertainty of its emissions estimates, which serve as the basis for its benefit
estimates.” While the agency is investigating ways to assess or characterize this un-
certainty, EPA did not conduct a formal uncertainty analysis for particulate matter
emissions for the draft regulatory impact analysis because of data limitations. These
limitations stem largely from the source of emissions data, the National Emissions
Inventory,® an amalgamation of data from a variety of entities, including state and
local air agencies, tribes, and industry. According to EPA, these entities use dif-
ferent methods to collect data, which have different implications for how to charac-
terize the uncertainty. EPA officials stated that the agency needs much more time
to address this data limitation and to resolve other technical challenges of such an
analysis. While the final particulate matter analysis will not include a formal as-
sessment of uncertainty about emissions levels, EPA officials noted that the final
analysis will demonstrate steps toward this recommendation by presenting emis-
sions data according to the level emitted by the different kinds of sources, such as
utilities, cars, and trucks.

Finally, EPA did not apply a recommendation concerning the transparency of its
benefit estimation process to the particulate matter analysis. Specifically, the Na-
tional Academies recommended that EPA clearly summarize the key elements of the
benefit analysis in an executive summary that includes a table that lists and briefly
describes the regulatory options for which EPA estimated the benefits, the assump-
tions that had a substantial impact on the benefit estimates, and the health benefits
evaluated. EPA did not, however, present a summary table as called for by the rec-
ommendation or summarize the benefits in the executive summary. EPA stated in
the regulatory impact analysis that the agency decided not to present the benefit
estimates in the executive summary because they were too uncertain. Agency offi-
cials told us that the agency could not resolve some significant data limitations be-
fore issuing the draft regulatory impact analysis in January 2006 but that EPA has
resolved some of these data challenges. For example, EPA officials said they have
obtained more robust data on anticipated strategies for reducing emissions, which
will affect the estimates of benefits. The officials also said that EPA intends to in-
clude in the executive summary of the regulatory impact analysis supporting the
final rule a summary table that describes key analytical information.

CONCLUDING OBSERVATIONS

While EPA officials said that the final regulatory impact analysis on particulate
matter will reflect further responsiveness to the Academies recommendations, con-
tinued commitment and dedication of resources will be needed if EPA is to fully im-
plement the improvements recommended by the National Academies. In particular,
the agency will need to ensure that it allocates resources to needed research on
emerging issues, such as the relative toxicity of particulate matter components, and
to assessing which sources of uncertainty have the greatest influence on benefit esti-
mates. The uncertainty of the agency’s estimates of health benefits in the draft reg-
ulatory impact analysis for particulate matter underscores the importance of uncer-
tainty analysis that can enable decision makers and the public to better evaluate
the basis for EPA’s air regulations. While EPA officials said they expect to reduce
the uncertainties associated with the health benefit estimates in the final particu-
late matter analysis, a robust uncertainty analysis of the remaining uncertainties
will nonetheless be important for decision makers and the public to understand the
likelihood of attaining the estimated health benefits.

Mr. Chairman, this concludes my prepared statement. I would be happy to re-
spond to any questions that you or members of the committee may have.

RESPONSES BY JOHN STEPHENSON TO ADDITIONAL QUESTIONS
FROM SENATOR VOINOVICH.

Question 1. Mr. Stephenson, your testimony states “The National Academies”
2002 report examined how EPA estimates the health benefits of its proposed air reg-
ulations and emphasized the need for EPA to account for uncertainties and main-

7Because the precise levels of total emissions are not knowable but rather are approximations
based on a sample of measurements, there is uncertainty about the true quantity of emissions.

8EPA compiles the National Emissions Inventory, a national database of air emissions data
that includes estimates of annual emissions, by source, of air pollutants in each area of the
country on an annual basis.
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tain transparency in the course of conducting benefit analyses. I agree that trans-
parency is very important. However, right now, EPA is simply telling us that we
need to wait until the final rule to see a more complete RIA, how they addressed
more of these recommendations, and the inclusion of new science. In your opinion,
has EPA “maintained transparency” through this process with the PM standards?

Response. EPA has maintained transparency to the extent feasible under federal
rulemaking procedures, which include collecting and reviewing public comments on
the proposed rule and submitting the final rule package to the White House Office
of Management and Budget for review at least 45 days before the EPA Adminis-
trator signs the rule. Proposed and final rules can differ substantially for a number
of reasons, including changes made in response to public comments on the proposed
rule and the availability of new or more complete data. Therefore, in developing and
supporting both proposed and final rules, it is important for agencies to be trans-
parent that is, to provide decision makers and the public with clear and relevant
information about the data, assumptions, methodologies, uncertainties, etc., under-
lying its regulatory impact analyses. As you are aware, the Congressional Review
Act of 1996 established an expedited process under which Congress may disapprove
a broad range of regulatory rules issued by Federal agencies by enacting a joint res-
olution of disapproval within 60 days after receiving the rule. The rule would not
go into effect without subsequent statutory authorization.

To date we have not identified major shortcomings concerning the transparency
of EPA’s current rulemaking process for particulate matter standards. For example,
in the January 2006 regulatory impact analysis for proposed rule, EPA highlighted
the fact that the benefits estimates were based only on five cities and were highly
uncertain. According to EPA officials, the agency could not resolve data limitations
in time to meet the court-issued deadline for the proposed changes. As you know,
EPA plans to provide national estimates of the health benefits in the final rule
using more robust data that it has subsequently been able to obtain. Thus, the regu-
latory impact analyses supporting the proposed and final rules are expected to be
significantly different. EPA can maintain transparency in this rulemaking process
by clearly discussing in the final regulatory impact analysis due in September 2006
the changes in its approach to estimating the benefits and the Agency’s rationale
for doing so and by clearly identifying key data, assumptions, methodologies, and
uncertainties.

In terms of transparency and the science supporting the rulemaking efforts, EPA
made a commitment in the proposed rule to conduct a review and assessment of
studies published after the completion of the scientific review of health effects
linked to particulate matter emissions. EPA has recently made information about
its review of new science available to the public; see EPA, Provisional Assessment
of Recent Studies on Health Effects of Particulate Matter Exposure (Research Tri-
angle Park, N.C., 2006). The July 2006 provisional assessment presents EPA’s ap-
proach to reviewing new studies and summarizes the findings of these studies, in-
cluding those that evaluated the links between particulate matter components and
adverse health effects.

Question 2. Mr. Stephenson, please elaborate on this very important statement
that you make at the end of your testimony (quote): “While EPA officials said they
expect to reduce the uncertainties associated with the health benefit estimates in
the final particulate matter analysis, a robust uncertainty analysis of the remaining
uncertainties will nonetheless be important for decision makers and the public to
understand the likelihood of attaining the estimated health benefits.”

Response. In estimating potential health benefits stemming from regulatory ac-
tions, some level of uncertainty is unavoidable, in part because the scientific infor-
mation used to develop estimates, such as the inventory of particulate matter emis-
sions, will never be perfect or complete. According to the Academies, high uncer-
tainty does not imply that action to promote or protect public health should be de-
layed, but rather that a comprehensive and rigorous assessment of uncertainty
would improve policy decisions. Many of the recommendations of the National Acad-
emies to EPA are aimed at the agency developing a more robust uncertainty anal-
ysis by providing comprehensive, quantitative information about the uncertainties
underlying the estimates of health benefits. A quantitative uncertainty analysis can,
among other things, identify which sources of uncertainties have the greatest effect
on the benefit estimates and assess the degree to which the uncertainties affect the
estimates by specifying a range of estimates and the likelihood of attaining them.
While EPA has taken steps toward a more robust uncertainty analysis, the agency
has not assessed uncertainty in the quantitative manner

recommended by the National Academies. GAO believes it is important for EPA
to continue to strengthen its uncertainty analysis. In evaluating estimates of health
benefits, decision makers and the public can better assess the likelihood of achieving
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such benefits if they are provided with qualitative and quantitative information
about the underlying uncertainties.

Question 3. Mr. Stephenson, in your testimony (quote): “We note that continued
commitment and dedication of resources will be needed if EPA is to fully implement
the improvements recommended by the National Academies.” However, EPA’s 2006
budget proposes to reduce funding for the State and Local Air Quality Management
Program which is used by states and localities to conduct monitoring among other
things. How would this budget cut impact EPA’s ability to address more of these
recommendations?

Response. The proposed budget cuts could adversely impact EPA’s ability to ad-
dress more of the Academies recommendations, such as those concerning particulate
matter emissions data. Emissions estimates are a key element in the analysis of po-
tential health benefits, and EPA relies largely on state and local entities emissions
monitoring data to develop estimates of emissions on a national scale. Thus, any re-
ductions in emissions monitoring could affect EPA’s ability to develop meaningful
nationwide emissions estimates, increasing, for example, the uncertainty of such es-
timates. Moreover, as noted in our report, EPA has initiated long-term research and
development to understand the relative toxicity of particulate matter components
and to better evaluate the uncertainty of estimates of emissions. A reduction in
moni‘ﬁ)ring data would likely limit EPA’s progress to address these areas of re-
search.

STATEMENT OF GEORGE THURSTON, ASSOCIATE PROFESSOR, NEW YORK UNIVERSITY,
SCHOOL OF MEDICINE, DEPARTMENT OF ENVIRONMENTAL MEDICINE

I am George D. Thurston, a tenured Associate Professor of environmental Medi-
cine at the New York University (NYU) School of medicine. In addition, I served
as the Deputy Director of the NYU-EPA Particulate Matter (PM) Health Research
Center for the past 4 years. My scientific research involves the investigation of the
human health effects of air pollution. In this testimony, I will primarily address
three factors that need to be considered in the EPA’s proposed revisions to the par-
ticulate matter air quality standards. First, I will address the fact that we are now
far more certain of the adverse impacts and biological mechanisms of PM health ef-
fects: most of the uncertainties raised at the time of the initial setting of the PM, s
standard are far better understood. Second, I will document that reducing ambient
PM levels can and do result in significant reductions in the mortality risk associated
with this pollutant. Finally, I will show that the adverse health impacts of PM air
pollution extend below the current PM, s standard, and that there is, therefore, a
public health imperative to reduce the fine particle (PM,s) annual standard below
15 wg/m3, consistent with the advice of the U.S. EPA’s Clean Air Science Advisory
Committee (CASAC).

Despite progress over the last few decades, Americans are still suffering from the
adverse health effects of air pollution. The adverse health consequences of breathing
air pollution are severe and well documented in the published medical and scientific
literature. Over the past few decades, medical researchers examining air pollution
and public health, including myself, have shown that air pollution is associated with
a host of serious adverse human health effects, including: asthma attacks, heart at-
tacks, hospital admissions, adverse birth outcomes, and premature death.

PM is one of the air pollutants most carefully studied in the last decade. Small
particles can bypass the defensive mechanisms of the lung, and become lodged deep
in the lung where they can cause a variety of health problems. Indeed, the latest
evidence indicates that exposures cannot only cause respiratory damage, but also
cardiac effects, including heart attacks. Moreover, long-term exposure to fine par-
ticles increases the risk of death, and has been estimated to take years from the
life expectancy of people living in the most polluted cities, relative to those living
in cleaner cities (Brunekreef, 1997).

The State of the science on particulate matter and health was thoroughly re-
viewed in the recently released U.S. EPA Criteria Document for Particulate Matter
(U.S. EPA, 2004). Since the PM, 5 standard was last set in 1997, more than 100 new
published studies, taken together, collectively confirm the relationship between
PM, s pollution and severe adverse human health effects. In the process, this new
research has eliminated many of the doubts that were raised in the past regarding
the causality and size of the PM-health effects relationships, and has now provided
plausible biological mechanisms for the serious impacts associated with PM expo-
sure. As outlined in Figure 1, the PM research funded since the setting of the last
PM, s standard has collectively shown the existence of numerous biological path-
ways capable of causing damage in the human heart, lung, nervous system, and cir-
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culatory system consistent with the health impacts found by the PM epidemiology
studies upon which the PM, s standard was set.

Figure 1. New Researc}i Has Found Many New Pathways for PM Health Effects
(Source: Pope & Dockery, 2006)

At the time of the last PM standard revisions, the largest landmark studies on
particulate matter and death were the Harvard Six Cities Study (Dockery et al,
1993) and the American Cancer Society Study (Pope et al, 1995). The American
Cancer Society study examined half a million people in over 150 metropolitan areas
throughout the United States, finding a 17 percent greater risk of mortality between
the city with the least PM and the city wit the highest levels of this particulate pol-
lution. The results of these studies were challenged by industry, resulting in an
independent reanalysis by the Health Effects Institute (HEI)—an organization fund-
ed by both industry and Government. The results of the HEI re-analyses have now
confirmed the associations found by the original investigators, increasing our con-
fidence in the results of these two already highly regarded studies of PM mortality.

Since the setting of the original PM, s standard, more recent follow-up analyses
of the Harvard and ACS studies have now considered longer records of time, and
have confirmed and extended the conclusions from these two major studies. An ex-
tended analysis of the Harvard Six Cities Study (to include follow-up through 1990)
has now shown that reductions in long-term ambient PM pollution results in con-
comitant reductions in the health risks associated with PM. As shown in Figure 2,
large reductions in PM at four of the Harvard cities have resulted in likewise large
reductions in the relative risk (RR) of mortality in those cities: Steubenville, OH(S),
Harriman, TN(H), St. Louis, MO(L), and Watertown, MA(W). Other published stud-
ies have similarly found indications that reductions in ambient PM are associated
with reduced mortality risk (e.g., Clancy et al., 2002). Thus, although we still carry
very large health risks in the United States from our present levels of PM air pollu-
tion, amounting to tens of thousands of premature deaths per year, and although
we still have a long way to go to have what can be called “clean air”, recent research
shows that the lowering of PM levels in the air is an effective way to improve public
health.
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Figure 2. Reducing long-term PM exposure reduces mortality risk (Derived from Laden et al., 2006)
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In addition, a recent National Institute of environmental Health Sciences
(NIEHS)-funded extension of the ACS study, of which I was Principal Investigator,
strengthens the original conclusions of the ACM study and, importantly, now links
increased risk of lung cancer to long-term exposure to particulate matter (Pope et
al, 2002). As seen in Figure 3, this recent JAMA study also clearly indicates that
the risks from PM, s exposure extend below 15 ug/m3, supporting a reduction in the
annual PM, s standard at this time, consistent with the advice of the EPA’s Clean
Air Scientific Advisory Committee (Henderson, 2006).
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Figure 3. The exte‘ndqdf ACS JAMAStudy indicates that mortality effects extend well below
the present fine patticle standard of 15 ug/m*PM;s. (Pope et al, 2002).
In conclusion, since it was the level of uncertainty about PM biological mecha-

nisms and effects at lower concentrations than 15 wg/m3 that limited the standard
to that level in 1997 (and not some specific acceptable level of health risk from PM),
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and since new sound scientific studies have greatly reduced or resolved those uncer-
tainties, then concern about the health of the public clearly indicates that the long-
term PMPM, s standard should now be reduced below 15 ug/m?, consistent with the
advice of CASAC.

Thank you for the opportunity to testify on this important issue.

RESPONSE BY GEORGE THURSTON TO AN ADDITIONAL QUESTION FROM
SENATOR VOINOVICH

Question. Dr. Thurston, at the end of your testimony, you state the annual stand-
ard was limited to 15 not because of (quote): “some specific acceptable level of health
risk from PM.”

Am I correct that you are saying that you agree with Dr. Smith that the risk level
identified in 1997 has gone down? I know that you do not think this should be the
basis of setting the standard, but I am just looking for a yes or no answer on the
level of risk.

Response. No, I do not agree with Dr. Smith. As I noted in my verbal testimony,
the consensus “best-estimates” for the mortality effects of long-term exposure to PM
have actually increased in recent years, relative to what the U.S. EPA has been as-
suming in their risk analyses. Indeed, the Pope et al. (2002) overall mortality effect
estimate, as derived from the American Cancer Society Cancer Prevention II study
cohort, is now thought to be an underestimate of the actual risk for the general U.S.
population. In fact, preliminary results from the EPA’s recent PM Expert Elicitation
evaluation of PM risk indicate that the central effect estimate, as derived from a
distillation of all available studies by experts, yield a PM, s mortality effect (some
1 percent per ug/m3 PM, s) that is roughly two thirds higher than given by the Pope
et al. (2002) study. This further indicates that

lowering the long-term PM,s standard below 15 ug/m3 would yield significant
public health benefits when implemented across the United States.
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Technical Comments on the Proposed Rule for National Ambient Air
Quality Standards for Particulate Matter

Prepared on behalf of the Utility Air Regulatory Group

Anne E, Smith, Ph.D.
CRA International
April 17, 2006 (with corrections on April 27, 2006)

l. Introduction and Summary of Key Points

EPA published its Proposed Rule (“PR”) for the National Ambient Air Quality Standards
for Particulate Matter on January 17, 2006." This document contains my comments on
the technical basis in the PR for the levels that EPA proposes for the PM; 5 daily standard
(i.e., 35 ug/m’ 98" percentile 24-hour average PMs 5) and for the PM; s annual standard
(ie, 15 ug/m3 annual average PM; 5).

EPA uses both a risk-based approach and an evidence-based approach to determine
whether to tighten the PM, 5 standards. It uses an evidence-based approach to support the
specific proposed levels for the PM; s standards.  When one considers a more complete
summary of the available epidemiological evidence than EPA offers in the PR, neither
the risk analysis nor the evidence-based approach provides support for tightening either
PM; s standard. Furthermore, even if one were to accept the view that the daily standard
must be tightened below current levels, a more complete summary of the available
evidence than provided in the PR reveals that its evidence-based approach provides no
technically-based guidance for where to set a standard.

The reasons that the quantitative risk analysis does not support a tightening of the PMy 5
standards are: (1) the risk estimates are generally lower than they were in 1997, when the
standards were first set; and (2) the overall robustness of statistical significance
associated with the quantitative estimates has fallen dramatically since 1997, driven
mainly by greater evidence and acknowledgment of the importance of modeling
uncertainties. This eroding confidence directly reflects an eroding basis in the
epidemiological evidence itself; therefore, one cannot argue that overall evidence
supports a tightened standard even if the quantitative risk estimates do not. Additionally,
the quantitative risk analysis that is provided is biased upwards because it does not
incorporate the larger body of quantitative findings regarding model uncertainty. The
majority of the evidence that EPA’s risk analysis ignores would produce lower risk
estimates, and imply greater likelihood that there is no PM, 5 effect at all. I substantiate
these statements in Part IT of this document.

! Federal Register, Vol. 71 (10), pp. 2620-2708.
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EPA uses an evidence-based approach to attempt to identify a justifiable level below

65 ug/m’ for setting a daily standard. EPA’s application of this approach, however, is
incomplete in that it relies on only a subset of the actual available literature, and it does
not provide evaluation of the quality of evidence in each study that it does cite. When
these gaps are filled, and the results are presented in a more structured manner, it
becomes clear that EPA’s line of reasoning for setting the standard at 35 pg/m’ is not
supportable. Part IIT of this document provides the detailed analysis demonstrating these
points.

Finally, the PR argues that the recent literature has found that estimated associations
between PMa s and health endpoints are generally robust to inclusion of gaseous
pollutants in the epidemiological model. This statement is a linchpin in the PR’s case
that a causal role for PM; 5 has been more strongly established since 1997.

Unfortunately, it is also an incorrect conclusion based on only a subset of the fuil body of
PM; s epidemiological literature. In Part IV, I review and summarize the evidence on the
impact of considering gaseous pollutants simultaneously with PM» s in epidemiological
modeling. My review reveals that statistical significance of PM; s-health associations is
not robust when one or more gaseous pollutants are included. My review also finds that
this sensitivity does not appear to be caused by problems of multicollinearity. Thus, EPA
should eliminate this conclusion, and revise its analysis concerning the public health risk
from PM; 5 without reference to such a conclusion.
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II. Quantitative Risk Analysis Does Not Support Tightening the Standards

EPA has decided that its quantitative risk analysis cannot be used to decide where to set a
standard.” This is a reasonable conclusion because, in the absence of any specific
knowledge of where an effects threshold may lie, the risk analysis will always produce
linearly declining amounts of risk for each incremental reduction in the level of the
standard until background concentrations are attained. However, the risk analysis also
fails to provide a case for tightening the current standards, both in its explicit results, and
also because EPA’s risk analysis incompletely represents all of the relevant quantitative
evidence. The PR does not fully recognize these two points, and thus makes a technically
unsound case that the risk analysis does provide support for tightening the daily standard.
Although EPA has not proposed to tighten the annual standard, it is also the case that
current evidence would not support such a reduction,

Quantitative Risk Estimates Are Lower Now Than When the Current Standards
Were Set, and Confidence in the Risk Associations Is Also Reduced

A key insight from EPA’s risk analysis is that current quantitative estimates of risk levels
that remain at exact attainment of the current PM, s standards are lower now than they
were when those standards were set.” This result occurs even under EPA’s “base case”
assumptions, which overstate the current evidence on risk levels. Risk estimates would
be lower still under most of the alternative set of assumptions that EPA does not use in its
“base case” calculations. If risk levels are estimated to be lower than they were at the
time that standards were originally set then, ceteris paribus, one cannot make a
quantitative case for tightening the PMy s daily standard.* This outcome of the risk
analysis is mentioned briefly in the PR but the extent of the change in point estimates of
risk since 1997 is understated:

“With respect to short-term exposure mortality and morbidity ... [cJomparing
the risk estimates for the only two specific locations that were included in
both the prior and current assessments, the magnitude of the estimates
associated with just meeting the current annual standard, in terms of
percentage of total incidence, is similar in one of the locations (Philadelphia)
and the current estimate is lower in the other location (Los Angeles). ... With
respect to long-term exposure mortality risk estimates, the estimates in terms
of percentage of total incidence are very similar for the two specific locations
included in both the prior and current assessments.”®

2 PR, p. 2648.

* These risk estimates are due to lower epidemiological estimates of the relative risk of PMy s, and are not
lower due to reduced air pollution since 1997. (The air quality used to make these risk estimates is
effectively the same now as in 1997 for the simulation of exact attainment of the current standards on
which they are based.)

* As EPA notes, even if risk estimates are lower, a case might still be made to tighten the standards if the
confidence in the risk estimates is increased. As{ will explain next, the technical evidence now available
does not engender greater this greater confidence.

z It was not mentioned at all in the Staff Paper (EPA (2005)), or in the risk analysis (Post ef al. (2005)).
PR, p. 2640.
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EPA did not report these comparative results of the risk analysis in any of the documents
leading up to the PR,” and even the PR does not clearly explain the policy-relevant facts.
The following sections provide the facts behind the above quote, and reveal that the
degree of reduction in quantitative risk estimates is more pronounced than a mere
comparison of EPA’s base case risk estimates would imply. It is also possible to infer
that reduced risks have occurred for all but one of the new cities that have been included
in the current risk analysis.

Short-term Mortality Risk. In 1997, EPA performed a risk analysis for two cities, Los
Angeles and Philadelphia. EPA based its estimates of short-term mortality risk for both
cities on a statistically significant relative risk estimate from Schwartz, Dockery and Neas
(1996), while I will refer to hereafier as “SDN”. Neither of the two cities had been
represented in SDN, but this was the only study of short-term mortality risk associated
with PM; 5 available at the time. Since then, part of the newly available body of evidence
includes short-term mortality studies specific to these two cities: Moolgavkar (2003) for
Los Angeles and Lipfert ef al. (2000a) for Philadelphia. EPA has relied on these two new
studies for its current risk analysis for these two cities.

Figure 1 (for Los Angeles) and Figure 2 (for Philadelphia) compare the 1997 short-term
mortality risk estimate (and associated 95% statistical confidence ranges) to risk
estimates supported by the two new studies. These are risk estimates for ambient PM;
levels that are just attaining the current standards. In both figures, the leftmost vertical
bar (shown in red) is the short-term percent mortality incidence estimated in 1997, based
on SDN (as noted on the graph under that bar). One can see that the percent incidence
attributed to PMy s in 1997 was about 1.7% for Los Angeles and 1.5% for Philadelphia.

All of the blue bars (i.e., all of the bars except for the leftmost one) are based on relative
risk estimates from the newly available study for each city. There are multiple blue bars
because these new studies reported results of PM, s relative risk estimates using many
different model formulations. The variations in models included use of GAM versus
GLM methods of estimation, varying degrees of smoothing for time and weather, and use
of single-pollutant (*1-P”) versus two-pollutant (“2-P”) formulations that included one of
the gaseous co-pollutants. Of all the alternative estimates in each study, EPA’s base case
risk estimates use only a single one, which is reflected in the leftmost blue bar, positioned
to the left of a grey dashed divider line, next to the red bar reflecting the 1997 estimate.
The two bars to the left of the dashed divider line thus provide a comparison of EPA’s
base case risk estimates from the 1997 and current risk analyses, They imply a large
decrease in Los Angeles (from 1.7% to 0.5%) and a modest increase in Philadelphia
(from 1.5% to 2.2%).

71t was, however, documented in my comments to EPA on the August 2003 draft Risk Analysis, and on the
January 2005 second drafts of the Staff Paper Risk Analysis. (Smith (2003, 2005)). The exact levels of
risk reported here have changed slightly since these drafts, and correspond to those in the final risk analysis
and Staff Papers of June 2005,
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Figure 1. Comparison of Short-term Mortality Risk Estimates in 1997 and Now When Ambient
PM, s is Just Attaining the Current PM, ; Standards — Los Angeles
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Figure 2, Comparison of Short-term Mortality Risk Estimates in 1997 and Now When Ambient
PM, 5 is Just Attaining the Current PM, ; Standards - Philadelphia
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The additional lines to the right of the dashed divider line reflect the full range of new
information that has been excluded from EPA’s current base case risk analysis results.

As can be seen, most of the alternative available risk estimates are much lower than the
single one that EPA chose to use for its base case. Further, all of the alternative estimates
using 2-P models are not only much lower in risk, but statistically insignificant, (In each
of these cases, the gaseous second pollutant in the model was statistically significant.) In
both papers, the authors concluded that the 2-P results indicated that the culprit pollutant
appeared to be a gaseous poltutant rather than PM s, and that use of any of their 1-P
model results would overstate the case for a PM; s-mortality association.

Thus, a full comparison of the newly available risk information to that which was
available in 1997 indicates a substantial reduction in estimated risk levels. Further, this
review reveals that EPA’s current base case risk estimates substantially overstate the
short-term PM s mortality risks that the newly studies imply, because they rely solely on
1-P model results that the authors themselves discredit.

Los Angeles and Philadelphia are given special focus in the comparison of risk analysis
findings because those were the only two cities for which risk estimates were developed
in the 1997 analysis. However, it is quite feasible to determine what the percent
mortality incidence would have been for other cities in the current risk analysis if they
had been included in a 1997 risk analysis. This is because risk estimates in all of those
cities would have also been based on SDN, just as they were for Los Angeles and
Philadelphia.

Even if current risk estimates for the other cities were still to be based on the database
used by SDN, they would be lower now than in 1997 as a result of reanalyses performed
when correcting the GAM statistical error in SDN. The newly available studies replacing
SDN are Schwartz (2003a) and Klemm and Mason (2003). Both new studies found that
the relative risks in the original SDN paper fell as linear methods of estimation (GLM)
were used to replace the GAM method, and as temporal controls were enhanced. Indeed,
Klemm and Mason reported that the relative risk estimates became statistically
insignificant in their most highly controlled formulations. Figure 3 shows how much risk
estimates and confidence intervals for this dataset have declined as a result of the newly
available results for the database used in SDN.®

St. Louis and Boston are two cities in the current risk analysis for which Schwartz
(2003a) and Kiemm and Mason (2003) are used, because these cities are among the “Six
Cities” that are analyzed in these studies. Their individual city-specific estimates were
affected in a similar manner to that depicted in Figure 3, although St. Louis was affected
more, with all of the GLM findings in Klemm and Mason (2003) producing statistically
insignificant associations.

¥ The figure shows results for Los Angeles (again, showing percent mortality incidence when just attaining
the current standards), using the combined cities estimates. Although absolute levels of incidence will vary
slightly from city to city, the relative change in estimated risk levels would be the same in any city to which
these study results might be applied.
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Figure 3. Comparison of Risk Estimates Based on SDN in 1997 to Those Based on Reanalyses of
SDN Available Since 1997,

(The figure reflects the estimated mortality incidence just attaining the PM, s standards in Los Angeles, but
the relative pattern in the risk estimates would be the same for any city for which risk estimates might be
based on these studies. The estimates are based on the combined cities results, but the patterns are very
similar for each of the six individual cities in the studies as well.)
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The remaining cities for which short-term mortality risks are provided in the current risk
analysis are Phoenix, Detroit, Pittsburgh, and San Jose. There is a newly available city-
specific study for each of these four cities.” The single base case relative risk estimate
that EPA uses for three of these cities in its current risk analysis is lower than the relative
risk estimate it would have used in 1997 (j.e., the SDN combined cities result). The sole
exception is San Jose, based on a risk estimate from Fairley (2003). Importantly, even
the base case risk estimate for two of those three cities is now statistically insignificant,
whereas the estimate that would have been produced in 1997 based on SDN would have
been statistically significant.

Table 1 summarizes the overall state of newly available evidence used in the current risk
analysis, as compared to the statistically significant estimate that was available for the
1997 risk analysis. For short-term PM; s mortality risk, EPA’s base case point estimates
of risk are lower in six of the eight cities in the current risk analysis, and many of those
base case estimates are themselves statistically insignificant. For the remaining two cities

® These are Mar et al. (2003), Tto (2003), Chock et al. (2000) and Fairley (2003), respectively.
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(Philadelphia and San Jose), other model results in the source studies would, however,
produce lower risk estimates, if used. Furthermore, nore of the newly available studies
for these eight cities finds a PM; s-mortality association that is statistically significant to
all of the formulations that are reported in those studies. This is reflected in the last
column of Table 1, that none of the cities’ risk estimates remain statistically significant
under all the model outcomes that are reported for each city.

Table 1. Summary of Declining PM, s Risk Estimates and Reduced Confidence in Statistical
Significance of Current Risk Estimates Compared to 1997.

Is significance

Is EPA’s risk of estimate
Did EPA’s risk estimate robust to
estimate rise or statisticall alternative
fall since 199779 significant? model choices?
Philadelphia Up Significant Not robust
Los Angeles Down Insignificant Not robust
Short-  Phoenix Down Significant Not robust
term . Lo .
risk St. Louis Down Significant Not robust
Boston Down Significant Not robust
Detroit Down Insignificant Nat robust
Pittsburgh Pown Insignificant Not robust
San Jose Up Significant Not robust
Long-
term All Cities Down Significant Not robust
risk

(*) For the short-term risks, the 1997 estimate is assumed fo be the SDN "combined” for ali cities except for
Boston and St. Louis, for which it is the SDN city-specific estimate. Current estimats is the risk coefficient
used in Staff Paper o estimate short-term mortality risk reduction under alternative standards (e.g., Figure
5-2),

Thus, the evidence reflects a very strong case that short-term mortality risks estimates are
lower now than they were in 1997. EPA’s statement on this point, quoted above,
substantially understates this trend in risk estimates since the current standard were set.
The quantitative risk analysis for short-term mortality from PM, s does not support a
tightening of the PM, s standards. Instead, the quantitative risk analysis reveals a
consistent pattern of decreased risk even when using the “highest” and “most significant”
estimates from each of the newly available epidemiological studies. Additionally, these
same new studies provide strong evidence that the PM, s-mortality associations are not
robustly statistical significant (7.e., statistical significance is eliminated in the face of a
variety of reasonable alternative statistical modeling methods and formulations.)
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Long-term Mortality Risk. Lower risk levels and eroding confidence in the underlying
statistical evidence also apply to long-term mortality risk estimates, as Table 1 also
shows. EPA’s statement, quoted above, that the long-term risk estimates are “very
similar” to those in 1997 is not consistent with the facts. EPA’s base case long-term risk
estimates rely only on evidence in a dataset that was available in 1997, the American
Cancer Society (“ACS”) cohort. Although parts of the PR recognize that reanalyses of
the ACS dataset have revealed important uncertainties in its statistical associations for
PM3 s, EPA’s base case risk analysis ignores the major impact these sensitivities have on
the level of risk and associated confidence levels. Additionally, even the sensitivity
analyses in the risk analysis completely ignore one newly available study, Lipfert ef al.
(2000b), that reports PM; s health associations in a cohort that had not even been studied
as of 1997. EPA chooses to give this study no weight in its risk analysis, yet it provides
some important new evidence that should at least be considered in an evaluation of trends
in size of effect and confidence levels that can be assigned to the long-term mortality
associations.

Figure 4 provides a graphical summary of the past and newly available evidence on
quantitative long-term mortality risks. The percent risk incidence data in this figure also
pertain to PMs s levels at exact attainment of the current standards, as for the short-term
mortality figures above. Risk estimates in Figure 4 are based on Los Angeles, but the
patterns would be identical for any city in the U.S. because long-term mortality risk
estimates are based on a single relative risk estimate applicable to all cities.'” As with the
previous figures for short-term mortality risk, the lefimost vertical bar (in red) reflects the
level of risk that was estimated for just-attaining the current PM; s standards in the 1997
risk analysis: about 1.5% of total mortality incidence. As noted below that bar, the 1997
estimate was based on the relative risk in Pope ef al. (1995), which studied the ACS
cohort. The first blue bar, coupled in the left segment of the figure with the 1997
estimate, reflects the current risk analysis’s base case estimate of mortality risk: about
1.3%. As noted on the figure, this base case risk estimate comes from Pope et al. (2002),
which also used the ACS cohort, but with data extended since the 1995 study. (It is,
specifically, the relative risk based on “averaged PM” concentrations from that paper.)
These two risk analysis estimates reveal a slight decline in long-term risk estimates since
1997. However, the remainder of the estimates presented in Figure 4 show the broader
body of evidence. The broader body of evidence supports a conclusion that long-term
risk estimates are substantially lower today than in 1997. It also shows that much less
confidence can be assigned to long-term PM; s-mortality associations now than in 1997.
The basis for these conclusions is discussed in detail below.

' This is because long-term risk studies are performed in a cross-sectional manner, by comparing mortality
risks to pollution levels across cities. The resulting estimate is a single relative risk estimate across the
cities in the study, rather than a different relative risk estimate for each city, as one obtains in the time-
series type of study that produces a short-term mortality risk estimate.
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Figure 4, Summary of Long-Term Risk Estimates Used in 1997 and Current Risk Analyses, and
Comparison with Alternative Newly Available Estimates
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Current long-term risk incidences are based on an LML value adjusted for comparability to 1997 estimates;
All bars labeled “Krewski” use ACS-based risk estimates in Krewski ef al. {2000); All examples are “non-
accidental” mortality regressions. These results are based on Los Angeles, but the pattern is the same for
Philadelphia, and all other cities.

The risk estimates shown in the middle segment of Figure 4 (between the two grey
dashed divider lines) show the implications of including controls for of gaseous co-
pollutants when analyzing the PM, s-mortality associations in the ACS cohort data (i.e.,
“2-P” model results). This 2-P sensitivity analysis was performed in the Krewski ez al.
(2000) reanalyses of Pope et al. (1995). The first bar in this segment is the 1-P result in
the reanalysis, and the next set of 4 bars reflects the comparable PM; 5 risk estimate from
2-P formulations, which included CO, NOy, O3, or SO, respectively. These sensitivity
analyses, which are mentioned in the PR, reveal that the PM, 5 association is not robust
when SO, is included in the regression.’! The size of the PM, s risk estimate falls

" The PR notes at p. 2631 that inclusion of SO, in the analysis “decreased the size of the effect estimates
for PM2.5 to one-sixth of its original value and for sulfates to less than one-third of its original value.” The
PR notes this sensitivity again at p. 2634 and p. 2652.
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dramatically relative to any of the 1-P risk estimates, and it becomes statistically
insignificant.

Remarkably, despite this important finding in the reanalyses of 2000, Pope et al. (2002)
still did not report any 2-P results using SO,. This is especially remarkable because that
paper does report that SO, has a statistically significant association with long-term
mortality in its own 1-P regression, yet the authors simply do not present any results
where PM; s and SO; had been considered simultaneously. Even EPA notes this as an
unusual omission, “[blecause the correlation coefficient between PM; s and SO; was 0.50
in the ACS data, in this view it is plausible to believe that the independent effects of the
two pollutants could be disentangled with additional study.”'? Thus, the evidence of this
non-robustness is observable only in the older study of Krewski ef ! (2000), which EPA
chooses to ignore in its base case risk analysis in favor of the more recent, but less
comprehensive results in Pope ef al. (2002).

Despite this dramatic sensitivity to SO;, EPA’s base case risk estimate relies on the 1-P
formulation from Pope et al. (2002) and, elsewhere in the PR, EPA contends that risk
estimates are “generally robust” to inclusion of gaseous pollutants."® The result is that
both the risk analysis and the PR overstate the evidence in favor of a long-term mortality
association for PM, s.

The rightmost segment of Figure 4 provides several additional risk estimates that are
never mentioned in EPA’s quantitative risk analysis even as sensitivity analyses. Aspects
of these other results are only briefly noted in the PR’s discussion of the overall evidence.
When included in this figure, enabling a direct quantitative comparison to the
assumptions used in the quantitative risk analysis, their implications for an eroding level
of confidence (and yet lower risk estimates) become far clearer than one can ascertain
from the text of the PR.

The first vertical bar in the rightmost segment of Figure 4 reflects the PM; 5 risk estimates
in the Krewski et 4. (2000) reanalyses after removing undesirable spatial autocorrelation
in the base case estimates from the ACS cohort, and simultaneously controlling for SO,
and other important explanatory variables that were not included in relative risk estimates
used in the risk analysis. The resulting reduction in risk level and statistical significance
is so dramatic that it calls into question the causal interpretation of any of the other ACS-
based relative risk estimates. Although Pope ef al. (2002) did not provide such a 2-P
formulation, it did report a 1-P example of the impacts of adding spatial controls. The
effect, which can been seen by comparing the next two vertical bars to the right, was
again to make the PM; s relative risk estimate statistically insignificant. (The PR obscures
this finding when it states that “Pope et al. (2002) reported that effect estimates were not
highly sensitive to spatial smoothing approaches intended to address spatial
autocarrelaﬁon.””} One can only surmise what the impact would have been on the Pope

PR, p. 2652,
PR, p. 2660.
HPR, p. 2652.
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et al. (2002) PM s risk estimate if both spatial controls and SO; had been simultaneously
included in that paper.

Finally, the far right portion of Figure 4 presents the PM, s risk results from Lipfert ez al.
(2000b), which relies on an entirely different cohort, the “Veterans Cohort.” This study
was formally excluded from any part of the quantitative risk analysis, and is largely
downplayed in the PR. The PR says only the following about this new long-term study:

“In addition, one new set of analyses was done using subsets of PM
exposure and mortality time periods and data from a Veterans
Administration (VA) cohort of hypertensive men. The investigators report
inconsistent and largely nonsignificant associations between PM exposure
(including, depending on availability, TSP, PMjo, PMas, PMis and
PMis.25) and mortality.”ls

One can see from Figure 4, however, that EPA’s characterization of this study as having
“inconsistent” findings is nof that the results within this study are inconsistent, but that
this study’s findings are completely inconsistent with those that EPA has chosen to rely
on. In fact, the Veterans Cohort dataset contains consistently negative associations
between PM; s and long-term mortality. Furthermore, the PR is incorrect in stating that
those associations are “largely nonsignificant.” All but one of the associations between
mortality and PM 5 in this paper are significant in the negative direction (reflected by a
solid point estimate in Figure 4, as the numerical confidence ranges are not provided in
the paper). EPA feels it should rely primarily on cohorts that had already been studied in
1997, and which have been reanalyzed since 1997. Regardless of this, EPA should still
acknowledge that evidence from study of the newly available cohort casts greater
uncertainty on the fong-term PM; s-mortality association.

Figure 5 illustrates a final aspect of the newly available evidence that further clouds
confidence in relative risk findings reported for PM; s-mortality associations based on the
ACS and Six-Cities cohorts. This is the fact that the association between PM, 5 and
mortality in those two cohorts is entirely attributable to the individuals within those
cohorts that have a high schoo! education or less. The PR does describe this finding, but
it is not reflected in any way in the quantitative risk analysis. There is no statistical
significance in the association for individuals within these two cohorts that have more
than a high school level education. The point estimate of relative risk for these
individuals is effectively unity. This pattern, first identified by Krewski e a/. (2000) in
their reanalysis report, appears in both of the cohorts that EPA has chosen to emphasize,
and to rely on for its quantitative risk estimates. The effect has persisted into the
extended dataset of Pope et al. (2002). There are a number of hypotheses that can be
offered for what this means, but all of these hypotheses lead to conclusions that either the
relative risk estimates being used in the risk analysis are biased, or that the association
with PM 5 is actually due to some other confounder, and is not causal.

PR, p. 2632.



108

CRA International

Figure 5. Persistent Pattern of Long-Term Mortality Associations Being Applicable only to
Individuals in Cohorts Who Have Lower Educational Levels
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“"ACSIHED refers to the reanalysis of the ACS cohort in Krewski et al. (2000). The relative risks shown were
taken from Table ES-3 therein, and converted from units "per 24.5 ug/ms“ to relative risk per 10 pg1m3. The
label “6-Cities/HEI" refers to the reanalysis of the Six-Cities cohort in Krewski et al. (2000). The relative risks
were taken from Table ES-3 therein, and converted from units “per 18.6 uglmd” to per 10 pg/m? The
results from Pope et al. (2002) were taken from Figure 4A of that paper.

Summary. For both long-term and short-term mortality risks, the newly available
evidence reveals decreased risk levels, and heightened uncertainty about the nature of the
associations, compared to the body of evidence that was available in 1997, This is
revealed even in EPA’s quantitative risk analysis results, even though that analysis is
biased upwards by selective use of model results that have the largest and most
significant findings in each source study. This bias is enabled by EPA’s decisions to rely
only on 1-P results, its use of GAM-based analyses rather than GLM-based estimates,
and its use of model formulations with the least amount of controls of those reported in
each paper.

EPA has elected not to tighten the current annual standard in light of its qualitative
acknowledgment of these types of uncertainties, but the PR provides a weaker case for
this reasonable conclusion it actually could make. The quantitative risk analysis and
related new epidemiological evidence similarly fail to provide a technical basis for
tightening the daily PM, 5 standard, yet the PR does not make this case even weakly.
Instead, the PR obscures this case by not providing a balanced discussion of the
sensitivities in the new evidence on short-term mortality associations with PMss. The PR
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also does not fully reveal the extent of the decline in EPA’s quantitative risk estimates
since 1997.

An Integrated Uncertainty Analysis in the Risk Analysis Would Reveal the Eroding
Confidence Levels

EPA is clearly aware that there is enormous uncertainty in the newly available evidence.
The PR solicits comments on its methodology for evaluating the uncertainty and
significance of risks to public health, and specifically on “methods and approaches for
conducting a more formalized uncertainty analysis.”'®

EPA’s methodology has been to rely on single “base case” estimates in a quantitative risk
analysis, combined with occasional references to sensitivities in these results. The
figures provided above provide a quite different story, revealing that EPA’s current
methodology has resulted in overstatement of the risk levels and overstatement of
confidence in PM; s-health associations. Lack of a clear comparison to earlier risk
estimates also obscures what is a pronounced trend towards lower risk estimates and
eroded confidence levels. The net effect is that EPA’s case to support tightening the
daily standard is not supportable with the full evidence. This tendency toward
overstatement of risks in EPA’s approaches to handling uncertainty can be averted
merely by more complete and clear representation of the evidence, without any formal
uncertainty analysis. As the section above has demonstrated, merely providing complete
and quantitative information from the full body of epidemiological evidence can provide
a far clearer synopsis of the evolution of confidence in the associations.

At the same time, a carefully conducted synthesis of the evidence into an integrated
uncertainty analysis of the quantitative risk estimates could also help in standard-setting
deliberations. Ihave provided detailed comments on such an approach and examples
using the currently available evidence in previous written comments to EPA, Smith
(2003, 2005) which I incorporate here by reference. Figure 6 provides an example of
how different the information resulting from an integrated uncertainty analysis can be
from the “base case” approach that is the hallmark of EPA’s analysis. This figure is
taken from my earlier written comments to EPA, and its derivation is documented there
in this set of comments. 1 will only discuss its interpretation and implications.

The histograms in Figure 6 represent full probability distributions from an integrated
uncertainty analysis that weights EPA base case models as well as others from the full
body of relevant literature.'” They can be interpreted as follows. The x-axis is the
percent incidence of long-term mortality attributed to PMy 5 in risk calculations (the same
metric as the y-axis in Figure 4)."®  Each bar of the histogram reports the probability that

S PR, p. 2653.

17 Although the details of which models are included is documented in Smith (2003), briefly, they include
alternative models shown in Figure 4 as well as others, such as those from the Six-Cities long-ferm cohort.
'8 In this example, however, the percent incidence is that associated with as-is PM,  rather than with PM, s
at exact attainment of the current PM, 5 standards. Hence the incidence levels are somewhat higher than
they were in Figure 4.
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the true risk falls in the range of percent incidence that the bar sits over. The y-axis is the
probability associated with each bar. The first bar is colored differently from others
because it reflects the likelihood that there is no PMy s risk at all. That is, its height
reflects the probability that risk is exactly 0.'® The yellow bars show the probability of
various levels of positive PM s risk, expressed for ranges of risk levels. For example, the
lefimost yellow bar shows the probability that the percent incidence lies in the range
greater than 0% and less than or equal to 2%, and is positioned in the center of that range.
The next bar reflects risks greater than 2% and less than or equal to 4%.

The blue horizontal lines in Figure 6 show the ranges of the 95% confidence intervals
that EPA reports for its base case estimates of as-is risk for these two cities.”® These are
based on just the one model from Pope ef al. (2002) that EPA has selected for its base
case.”! EPA’s base case estimates show a significant effect in both cities at as-is PM; 5
levels (i.e. no part of the EPA confidence intervals includes 0 percent incidence, where
the red bar is located). These intervals reflect only the statistical variance associated with
the underlying relative risk estimate selected from Pope et al. (2002), which was
statistically significant.

As this section has demonstrated, many other relative risk estimates do exist that are not
statistically significant, and the integrated uncertainty analysis incorporates their effect as
well as the effect of the statistically significant ones such as EPA uses for its base case
estimates. These other estimates account for the non-zero probability of “no effect” (the
red bar of the integrated uncertainty analysis probability distribution.)

' Technically, this bar reflects a discrete pulse of probability associated with the single risk value of 0,
whereas all other parts of the probability distribution are continuous, with zero probability for any single
risk value.

* Technically, there is also a probability distribution over these ranges, which is a normal (bell-shaped)
distribution centered over the point estimate that is shown as the circle on each bar. Only the ranges are
shown here, for simplicity.

2L EPA reports these two as-is risk ranges in Post ef al. (2005), Exhibit 7.2, p. 85.
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Figure 6. Examples of Probability Distributions on Percent Incidence of Mortality Due to Long-
Term Exposure to As-Is PM; s Resulting from an Integrated Uncertainty Analysis, Compared to
“Confidence Intervals” Resulting from EPA’s Approach of Relying on Base Case Estimates Only.

The blue horizontal lines reflect the EPA base case as-is risk estimate’s 95% statistical confidence interval,
based on Pope et al. (2002). The circle reflects EPA's base case point estimate of as-is mortality risk. The
histogram provides the full probability distribution from an integrated uncertainty analysis that weights the
EPA-selected mode! with others from the full body of relevant literature, The red bar reflects the likelihood of
“no PM2 s risk” and yellow bars reflect relative likelihood of various levels of positive PM, 5 risk.
Documentation of analysis provided in Smith (2003).

60%
Probabilit Los Angeles
estimated for 50%
each range
of PM, 5
risk on x-axis 409,
O EPA base case 95% confidence interval
based on Pope &f &/, (2000)
30% -
20%
10% + T—{*
0% A ‘ﬂ” yl——l‘ﬂ'ﬂ m m‘r—‘l,ﬂ,
No e o« 2 = 5 B % 5 5 B X % %
o © o - R Lod Eod - o o o o
Mee s 3 3 d e s 3 3 g @ g g 3
atall
60%
Philadelphia
Probability 50%
estimated for
each range
'?f PM, 5 o 40%
risk on x-axis O . S— EPA base case 95% confidence interval
30% based on Pope ef g/, (2000)
0
20%
10% + - -
0% L= . ,
e G S S G S
S - e == - & &
atall

Ranges of percent of long-term mortality incidence
attributed to PM, 5 in risk calculations



112

CRA International

One benefit of a more explicit, probabilistic approach is therefore that it provides a more
complete and unbiased summary of the overall evidence than can be obtained with a
deterministic approach that emphasizes results from a single selected base case model.
The most dramatic effect of the integrated uncertainty analysis approach is how much
probability is attributed to the outcome that there is no increased mortality risk at all from
PM;s. It is over 35% for as-is conditions in Los Angeles, and over 55% for as-is
conditions in Philadelphia.”? In contrast, the EPA method of reliance on base case model
results suggests that there is zero chance of no effect at all. This comparison could, of
course, be reversed if EPA were to select one of the available statistically insignificant
model results as its base case. However, that result also would be biased. The key point
is that any time a single base case model is adopted, the risk estimate that is produced
using it will be bigsed. Even if the base case model is selected such that its relative risk
estimate lies near the middle of the range of all model results, its confidence interval will
not be wide enough to reflect the true range of modeling uncertainty.

Another important point that emerges from this illustrative integrated uncertainty analysis
is that the true uncertainty is highly asymmetric around EPA’s base case point estimates.
That is, the true probability distribution has much greater probability of risks below
EPA’s base case estimate than it has probability of risks above EPA’s base case estimate.
This directly contradicts the implication of EPA’s “confidence intervals” which imply
that the chances that risks are higher or lower than the point estimate are equal (7., they
follow the normal distribution associated with variances of statistically-estimated relative
risks).

This asymmetry is because many of the modeling uncertainties that are ignored in EPA’s
base case approach would reduce the estimated risks resulting from that simplistic
approach. These include: (a) possibilities of thresholds that the models have not been
able to identify and (b) model results that are lower than the ones that EPA has selected.
To the extent that the models not selected for the base case are statistically insignificant, a
larger and larger pulse of probability becomes associated with the “no effect” outcome
when these model results are incorporated into an integrated uncertainty analysis. This
overstatement of risks from EPA’s deterministic risk analysis approach was recognized
by CASAC in its comments to EPA on the draft Staff Paper:

“It is unfortunate that a more comprehensive, quantitative characterization
of uncertainty has not been undertaken, even if it only took into account
several sources of uncertainty simultaneously. ... There is also likely to be
directionality to the degree of uncertainty, with greater uncertainty around
effects at lower, compared with higher PM levels. Overall, the chapter
tends to understate uncertainty, both through style, (e.g., inclusion of
numerically specific estimates, e.g., “403” deaths rather than “400” or
“about 400”, and by not bringing together the individual sensitivity
analyses.”>

2 The difference is due to higher as-is pollution levels in Los Angeles, as the same set of relative risk
coefficients and weights are applied identically in both cities for long-term mortality risks.
% US EPA (2005), p. C-9.
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One benefit of a more explicit, probabilistic approach is therefore that it provides a more
complete and unbiased summary of the overall evidence than can be obtained with EPA’s
deterministic approach. Another benefit of an integrated uncertainty analysis, which is
not possible to demonstrate with just these figures for as-is risk, is that an integrated
uncertainty analysis can provide direct evidence of how the uncertainty in further health
benefits starts to expand as one has to decide among lower and lower potential NAAQS
levels. This concept of expanding uncertainty appears to be a rationale underlying some
of EPA’s discussions of where to set the PM; s standards. It has obvious meritsin a
situation where the standard cannot be “risk-free,” yet also cannot be set by balancing
incremental costs against the incremental risk reduction. A natural step would be for
EPA to adopt a probabilistic risk methodology that can directly provide estimates of the

range of uncertainty in incremental risk reductions associated with incremental tightening
of the standard.
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lll. EPA’s “Evidence-Based” Approach Does Not Support Tightening the
Daily Standard to 35 pg/m®.

EPA makes a case to tighten the daily standard based, in part, on a risk analysis that
overstates current evidence of PM; s risks, and an incomplete summary of the trends in
the risk analysis® estimates. In Part IT of these comments, I presented my reasons for why
that case to tighten the PM s NAAQS is not supported by the full evidence. However,
even if one accepts that the daily standard should be tightened, EPA then uses an
evidence-based approach in the PR to argue that the right level for a revised daily
standard is 35 pg/m’. 1 have reviewed this evidence-based argument, which appears on
p. 2649 of the PR, and have a number of concerns with its technical basis. My concerns
include: (a) that several of EPA’s statements about the findings in specific
epidemiological studies are incorrect or overstated, (b) that the PR offers an incomplete
review of the full relevant body of evidence, also resulting in overstatement, and (¢) that
the presentation of evidence is so unclear that readers cannot readily observe that EPA’s
conclusions are not supported even by the evidence that the PR provides.

Corrections to Statements in PR’s Evidence-Based Case

The case EPA makes for a daily PMy s standard of 35 ;,tg/m3 on p. 2649 is strictly verbal,
with very complex and lengthy sentences. While this is a confusing way to present any
evidence, it also contains several factual misstatements. To start my review of the case, |
have therefore reproduced the PR’s exact text of this case in column 1 of Table 2, broken
into ifs structural segments on separate, sequential rows of the table.* In column 2, I
have then provided annotated comments on each of the PR’s statements.

EPA’s overall argument to set the daily PM; s standard at 35 ng/m’ is based on three
parts:

(i) That there is much evidence of an effect in studies with 98™ percentile values
above 35 pg/m’ (i.e., in a range down to 39 ug/m3),

(i)  That there is more mixed evidence among studies with 98® percentile PMa s in
the range of 30-35 pg/m®,” and

(iii)  That not much information is available for studies that had PM; 5 980

percentiles below 30 ;,Lg/m3.

Following this structure, I have broken Table 2 into parts (i), (ii), and (iii).

2 1f one starts to read down column 1 from Part (i) to Part (ii) to Part (iii) of Table 2, one will have the
entire text from p. 2649 of the PR’s evidence-based argument for where to set the daily standard based on
daily health effects studies for PM2.5. The only changes | have made are some added punctuation and
formatting to enhance clarity.

% The gap between 39 pg/m’ and 35 pg/m’ is caused by a lack of any studies in this range. EPA could just
as easily have defined the first range as being “down to 35 pg/n’™, or the second range as being “from 30-
39 pg/m™ without any loss of generality in its argument for setting the standard at 35 pg/m’.



115

/BT 66 sT0s3Rp S 10 A[Hueorad 86
2y, eoyrudss Apsnqol sem 1t pue ‘Surjapow preinfjod-09 03 paloslgns sem sem fouuoy o Aug ‘Sl Aep-auoe
12 SYAJ 20] SATIUEST 51 yorym Jnq SN Lep-oures 10] jueoymd[s A[feouSHEIs are Jey) SuonIo0sse sy0dol Apris SIyL

(g007
‘Aapie ) v “Aumo)) eief)) vjueg Ul S3Ips Ul pus

*95X30p WMOWUN Ue £q SpIeTMOp poserq st B g¢ Jo [9As] oyl “sSurpun

SS9 (i PRAVIOOSSE 3q Wed ey A[HuedIad |, 86  2ZUANBITYD 0} MO MO0y 0} WTOUIP AI3A 5T 3 SSOYHRG SO §
23§10 Moy v 350l 10 [[e 0} pajefol oIe SUOREISOSSE 3Y) JT puvisiepun d[ay o ‘synsal oyoads-Aio Aue [esaal JOU S0P 3
1320 “SORID 14810 10 105 PIUIQUICO 5 IO} SUONRIDOSSE JUBSIIUTIS AJ[esnsie)s APsnqol sussaxd soop Aprys s1L

‘€00z
“Bragplog) pue yowng) Apms A1D-g veipeue’) oq)

*Buyspows Juemfjod-00

01150401 3¢ SN A5Y) J0YISYM JO UONRIIPEE OU FuTARI] ‘SUCHE[NULIO) -] pey Ajuo Apuss sryl sised8ns juouiopes
S,V T Uey) PaXIUI 010w Juy axe sSuypury su ‘w31 73 01 umop oFues oY) ur SuoNeIdosse JuRdyIuBLs Af[eonsues
swos podax saop Aprys STy YSnoWHe SNy, SRS JUROYIUGLS A[[EOUSTIRIS O pry (SIAXOUY PUE S[{IAUSGNAS)
SBMO 7 SUlHTRWISI OU ], "a0UROYIUELS [o1ISIels paxim Pey (S0 1S} Ano prodss v (BT 7y Je “dnoi3

341 Jo spusorsd g6 1500] oG} YIM A1 93 ~ M03sog] “27) Papiedas SHOTIRIIUEIG] (9Ol 91 jo ALIofeus v Ul 10a)e
yreoyraBis A[yeonsyes € pey $INI0 MOJ 9SOY JO 3U0 AJUo PuR ¢ W/B1 74 2A0qE 10 ' safuvolad 486 24y £prys Q1D
XIS S I SAIHO X18 943 Jo TGy “pejeuturi]s 9q PInoys sinssl , A1) XIS POUIqUIOs, , 31} 0] 9DUaJ0Jo) O PUE “SaTN0 JO
dnoss e x05 apusazad 86 © Bursn sonmoyyip are oty (g00g) Broqpjon pue pewng Burpiedad Jwaunuoeo ayy ut sy

(€007
“UOSEIN PUB WILIGLY) (APTIS JEU} WM S31I5 TenplATpUY
91} JO 3R] PUB) Apms A1) XIS PAUIGIIOD a1}

a1 ATHEION 10§ peprodal o¥om SUOTIRIOOSSE Jueonudis
Apeonsteys ‘Ayyenb ne Jo sSues sty ungm ‘ojdwexs 1o

{"4d 51 JO 930WO0] SIYY U JUSWIANRIS Y] JO SSAW0ALIOIY] o1 Sunrnsuousp

‘sueynjjod-ov sno9sed JO LOISUOUY 0} SUOTRIONSSE S ALY JO SSSUISTIQOT JO Mou] OT) JO MOIAA] PA[IE1op B sopraoxd
OSTe SJUSTIIOD AUS JO AT Weg) "SUOHRIOMLIOY J-1 UL paLImoso A[uo g ‘Burjopowr joenyjod-00 0] 1snqe1 201 25am
2A0qE PO SIAPNS SY} W PUTIO] SUOKRIOOSST JUBIYIUSIS AEOTISTIRIS OY} JO ISOW *MO[3q PaSSNOSIP G [[IM Se ‘0S|
“(weyqoud YD oY) “'27) sansst FUapow [RONSHE)S SSAUPPE 0) pazileues:

uaaq Jou aar] poxro sxaded a1 Jo feraass ‘reyumy (£007) PeisSue ] pre ssoy ‘owaws Suntoddns 31 u Jou ‘radey
s o 3o pe-¢ d wo pruonusw jou o 1dIa0xe SIY UF Sap0 g o sraded Al JO [RI9ASS *MO[q PRIOU 3G [ SV

“Aprs  SOPID-XIS,, 9) UL U0ISOF 10} 27 ~ (£00T) UOSRIN PUR W[y Pue (BE00T) ZHVMYDS UM PIJRIoosse

mE\ma T 99 pmom 2Buel sIp W anfea spuscsad | g6 ysamo] 1xau 2 ‘serg Suwong IEA SIT JO q paddoip
styurod eiep st 31 yo doup sjasa] ssmeoryruBis aleym selEpunoq Aynuspt oy Sundwane fof arewnss spuaciad
w86 S Aprys sepmonred sy a5t of ppndosddeur swoos 3t ‘sY FIMO §0 338 pajood sy soy Burpuy JueoyuBis

a3 BUYALIP 21oMm SOIID J0 9]dN03 € A0 JT WMOW{UN OS[e ST1] "JOSEIEp T8 Wl SOTNID JEnpIAIPUL 21 JOJ Sem ofrusoiad
86 U YEgM Jea[oun ST 05 ‘siseq 310 £q A0 € U0 papiacad s1 UOHRTUOIU OU ‘0S| “JOSEIEP 21 UF SUOHRIUSOLOD
aTe 53 Jo S[rusorad 86 [enjor Ay Ueyl somof A[jenuelsqns oq pinoo Jeu sjnusciad g6 v a1eiousd jfim suy)

puE ‘coueLIRA 943 20Mpal [[im SIESA 2y} SS0X00 sonjea o Swdeioae Jo Jov sy y “sweak 1] s3om 3oy —~ Apnis Ul 5103k
10§ SoujeA jenuue pagdelae,, UO paseq st (5007 JyeisBue pue ssoyg 0} Burpiooor ‘pue saIo § |[B 10} V4 0) sioqne

2t £q papraoxd a[rpge gy ST mah_\. 65 941 'sen werpeur)) g Jof eded Ayjenow e sy (£007) Sxeqpion) pue Bowmg

‘eyep

Ayrenb xre sjqerjol A[pAnelas Past SSIPTYS O YOTGM 0F JUIXS
oty pue sayoeoidde Suyspowr saewId) R pUR SUIpUNO[UOD
JuRInyj0d-00 0} 18N 31e SUOYEIN0SSE Patiodal 9 YoTyMm

0] JU2)X3 9Y} PRISPISUOD PUB SINSST FU[PPOUI [EONSHELS
ssoxppe 0 syerdoxdde se pezAeurar wosq pey ey serpms
ST onsodxa WLL)-}I0YS URIPEUR,) PUR §’(] U0 Pasnoo)
Jaes {(go07 “PeisBue] pue ssoy) owau gyers Funroddns

swopdwis L1oendsas pue ‘Suotssiwpe

1e3tdsoy *AJRLIOW Ylm SUOHIRIOO0SSE JURDIuds AjJeansnes
Surodas {goo7 ‘B1aqpjon) pue newng wr) w/An g¢ moqe
01 Bmop sanfea ajnusosad gE LM SAIPMIS JO sourTTLOpaId
Buoxns v st 2101 *Afeog1oads 21014 "san[es ofpusozed

g6 3o 93ueY opim © ssoIoe ST 0 onsodxs WIaRII0Ys

30 sorpnys ur papodadl suoneoosse e IUBIs Aponsies Jo

wiopred JI5A0 UR SPAIISGO JOIRASIUIIPY o) NcAoEuE nels
Funzoddns e pue sodeg [3e1$ o) U1 UONRULIONUL 2Y) UO Pasky

mE\wi 6€ 01 UMO(] SIN[BA d[1IUIIJ

86 WA SSIPRIS Inoqe suduRtelS () 1ed

/31 G¢ Jo prepuels SYAJ Aeq € 10) 95)) PISEG-IUIPIAY SH UT SV JH AQ IPEN SIUOWIES U0 SJUIMMO)) "7 AQEL

feuoieuBill YHO




116

"213Y SjRUnuIos

Auz Uy HoReIo 3031300 oY) 951 | "$2]a8uy SO U BWSE puE Mg Inoqe saded v Surouarsyer ‘eded (8661) v 72 ougjact Suoim oy 0 se}0 AfjETOR Wd SYL oz

puy siaded q30q PaIspIStoo S8y V4 Jei SAIprus Joyio 0 pateduIoo sjoAs] JAJ US1Y AJealie]a) BUIAGY Sjdsa(]
*AjaAndadsar

‘su/3tl 69 pue (9 Jo S[eA] apuaniad g6 darY S1asEIEp 9saY S[EaARI ((900T) JyeisBue T pue s50) 9007 ‘¢ Hdy
U0 AJUG pasea[al OWSW Y "S9110 Y J S 1y owsur fyeys Sunzoddus ayy ur pauonuow 10U are os[e sladed 7 asoyy

(9661 “v 12 SLON U1 2Fa]]0D) OB ‘5661 “IP
15 SEAN] i1 UMOJUOTU()) SSMS RIUBATASUUSJ OM] W pue

w/Arigy 51 jaas] amusdled w86 5U

S[ERASI 90T °¢ (A U0 AJUO PISEs]aI OIS Y "S3NI0 W J 9U) TRt oWy Jyels wEtcanzm oy ul papiaocid J0il §7 anjeA
a[nueoiad 86 9y "Prepue)s AJIep 39S 03 AIdYM SuruLILlep 0} Jdwane o) Aprys sty 10§ ﬂutcmm._ anjea snuesrad
86 DU} 95T 0 JROYIIP 513 “(£007) Sreqpion pue BAUING YHM OSeD SY) ST SB “DI0JRISY ], ‘SIN[BA DjnusdId w86
oP1oads-AJ10 10 SUONRINOSSE ucauum.b_u Bunaodal ynomim ‘SOmID 10 195 PITIGEIOD B JOF ST APMIS suj ‘A[euonIppy
"pazAJeal Uadq 2ARY ASU] SSI[UN SAIPNIS YONs U0 A1a¥ 0) 10U

Aoxjod s,y g4 SAIR[OTA 2197 UOISHOUI §)] "PozAJeUEI UDY( JOU SEY PUB POLOW VI SU S0ST (pE61) 70 10 ZHeMYdS

(661 “10 12 Nﬁgﬁu@ Aprs Gr7) XIS pouIGUIOD © ur

‘(queoyuBis surewal I9AMOY ‘SU0ZO SITYM) UOHRNULIO) J-7 B UI P e A9 st souesudis
$11 304 “UOHRMNLIO] J] € UF 08 s1eek $9< JO] SHSIA Wool AouaSIsms pue ST UI9mMIaq BOYRIDOSSE JURolrIdTs
Aqreonsness e puy ssop 3] “sjseE8ns sTy) wewy paxjuw ajotd aIe sBwpuy sy ‘arouueyuny (YN L 01 WAGP;, JO

SHUET v J0F SAIpR J0 HCLS ST Ul poSefd 5q JoU PGS SHyT PUe, W/ETI 7 T¢ Jo SInusotad 456 € 584 ([6561) OWHI3(
oz JuenjIod Kro1gueidxe JueuIWop sy BurIogq SUOZO A TONRINULIOY
J-7 & W sieaddesip jey) Tone[nIiIoy -1 © Ur UONBIO0sSe ST jueoyiuBls awmpIapioq € AJuo spuy (8661) OWIe(

‘(s1eak pue sdnoxd ofe 1jz 100
NG JWOS 1] “LE61 ‘gHhK1 “IR 12 OULj[a(]) [BRIUON pUR

“paniodar s1am spnsel Sumjapoul Jueinjjod-00 snoased oN ‘paJopisuos ssuooes

15Y10 393U} IoM JOU JUITUSIE}S 5 Y 4H 03 ATRIod ‘WeoyruBIs A[jeotisypls 10u sem 3SeasIp Ueoy DIUISYOS] “aInjie)
MBI JOJ UOIRIOOSSE JURDYTUS]S uﬁ:.ﬁ?op ® pue ‘eruoumaud JoJ uonersesse JWesrIAls A[[eonsness ¢ pulj s30p 9
“A[0 SUDIRINILLIO) - W SUOISSTUIL 30 s3d43 7 pue suoissiwpe ovipres Jo sad43 y sIopistoo (£007) O

“(sasnes 120 103 104 Jg ‘ersowmnsud
PUR 3SRISIP HESY JRUSYOST 10] ‘€007 ‘01]) Bonsc

. STOHRIS0SSE S309))0 yjesy-uonafjod e pajou Aue Jo sjqeding Ajjemoe s1 sjuen(rod e jusiqiue

Aret 91 JO YoTgMm 0) Se PIJSTI Su1aq Jo $20URYD 9Y} YSTUIWIP 0] 19PI0 U] ‘sasA[eue yous ul 2jqissod se sjejnjjod
Auewr se Sunapisuod Jo sowepodu 2y mo swrod styy,, "g8z'd e apers Loy “Surjspowr JueIny[od-00 UT 3UOZO JO {03
2 Supopisuos Jaye A[Teoadss ‘ST 20] SuonrIdosse Juestpudts AISnqol puy 10u PIp osfe (peG1) P 12 BoIsIY Y,
*SUONRIDOSSE JURONTUALS AISNqOI PUL JOU PIP 1 ‘08 UaAT "PIzATeURal U33q 3AY A3y} SS[UT SAIPTIS Yons uo K31 0)
10u £o1j0d 5,V 45 S31L]OIA QIY UOISN{OUY S}] "PazZA[EUERDY USAG 10U S8 PR POYIaW YD 213 980 {£661) 7v 1o TIowng

{661 “p 12 UOISINL LL661 “7V 12 NAUINE) OIU0I0Y.

JueoyBisui pue
JUeSTIORIS SUIIOPIO] O X1wi v 9Xu Ao} pue “laded sT1yy up papodai osje are suoye[muiIo} J-7 pue WO "anbrutos)
UOnRUINSe VD) oY) Suisn TORRMULO) JOpouL -1 © o pajnun| st saded siy) ul punoj s0ueotINELS [Eonsness oy

(£00¢ ‘preddayg) s[pess Ul

TESTA JUSTITEASE ASUSEIS0S pue SUCTSSTWPe [eTTusoy 10j

“Burjapows yueinffod-0s 0} osuodsal

I Uo paseq ST 10U 2uozo 0} djquingue o AJjErior Poys SUone[nuuo) f-] Ui PAAIDSGO SUOHEIOOSSE

QU3 JET POpNIouOD SIOYINE 31 Joey Uy Anfenb Iye jo o5uel sip ul 9ouroyuBIs (BOUSHE}S jo  Soururwopard uoLs,,
© JO J0A®) U1 JUSHIRNE)S € Loddns J0u Seop JI PUR ‘SUCTIB[NUUO] J-7 0F 1Snq01 [[E & J0U 2IoM SYTisal 5, ApTus SIq],

(0007 70 22 poydr]) ergdiopeiyq pue

Jeuojeusslu] Yy D

panupuo) - 7 9JqRL




117

9X€ 'Jv 13 81310J PUE "JU 2 OULI[S(] I[TYM Satpnys Ajpidow 218 Ip J2 ONSQ) PUE [0 12 JEJN JeU ST oSOE[d FUIMO][0}
Q) PUE ISTR]I SHf UT PAjIy 0USPIAD Y} UT UONOULISIP UIBw 2] "1S9q Je ‘sj[nsal poxrul podal Ajjenpiapul siaded
O} 9533 WOAS I0q 44015 patre]dxa Se ‘SUORRISOSSE J0 105 JURoTIuBIS A[JRonsiiels 704240 e puncy Suiavy Jo
19A3) 91 03 3511 pag1> saaded om) o) 30 IOPION TUROIUSIS A[JEONSTEIS 21v JBY) SUOHR[MUENO] [9PpOu! Sos Suraey
8 470 Ing  syynssy,, yueoyrudis Afeonsners Supuodes se pozuIoRIRYD 3q J0U PIROYS IXaU Pajo sa[durexs oMy oy,

‘synsa1 ueoRTuss Afpronstels podar safpns owos

‘oBuer sy wgpm
‘Joyyey "pealasqo 193uo] ou st sjnsar urdAs Ajjeonsuels
Jo soueutopeid Buoxns 1y ¢ wi/Bd ¢ 0} ¢¢ Jnoge
# £
30 suopenuLaned Sy g aynusolad yIge Jo sFuer sy vyRA

LH/8T G PUE (¢ U322 STOPEIUIIU0)) U

386 PIM SAPNIG pnoqe sppIRIEIS (1) 11y

/A
£¢ mmoqe jo oynuanad g6 © I8 Ajreriows pue SUN g u9amyaq uonpiosse Jurayidis Arjeonsiess ou punoy pnis SHY,

(£007 ‘wewng pue S19Gpjon)} [RRUO pue

gy

51 moqe yo smusoad 96 € 18 AIepiow pue S 2y uaamloq HoRID0SSe JUedIIBIs Afjeonsye)s ou punof Apns Siqy

“(000¢ 7 12 3001D) YRS

/BT 66 10 3Mua0Iad 86 © Te AFRIIon pue SN g USemiaq uoneloosse JuesIuBis A[eonsnels ou punoj Apms styL

(€007 ‘o) wonacy

(9 °d°000¢ “SeoN pue

Zyremyog) 1eeol eSS A[[eonsnels jou sem 1 NG os[e sojonred 951200 10 1< ORI SPPO UR SEM 21943 PUR JuRsyIudis
AfRonsnels Sem JRYY SN 10] < OLIRI SPPO U Sem SI9Y) JUY) Sem JUSWaLess I 10§ 80Uspias Sunroddas o)

pue  seponred as1e00 Jou ng-sajored swiy T YimM pajeoosse o1om Jepour wepnjjod-omy e ur swojduws Liojendsal
Jamol,, Teyy a1e3s (0007) STAN PU Ziemiog ‘ojdurexs 104 “MO] 00} PapusIXa Ueaq Sely 95ue) ST UIYIIM SJNSSI
JuesgIuSis Affeonsnels yo soueuTuIopaid B ST AISY) 1eY] JuSweTe)s oY) SHILGPUN kY] sojdurexa se pamaia g pinoys
20U IUBIS [OUSHEIS JO [9A9] 943 0} 9SU JOU OP YUy} SUOUBIS0SSE danisod pulj Tey) So1pms 430 dolp o} speys sSurpuiy
ur SouRoGTUSIS [RONSTEIS Jo en1Bop o1 yolym Je Ajrjenb Jre Jo JoAa] B 390s 0) §1 sisAjeur ST Jo 2150 UNUD 9 SY

Ul S3Iprys
spuyour GTELOW [ SUOTRIS055e TUesJIUaTs A[Jesnsness
JOU nq aansod papodar jeyy ofues Aipenb e siyy ur sarpmyg

“5K8S Y d 33 JO 2)0UIO0] SIY] SB , ISNGOI A[[eIsusd,, Jou ore S1|nsal 94) JRY) pAjRISUOWap

poe ‘sprenjjod-00 snoased Jo UOISNIOUT U0 30UIPIAS SY} JO MOIARI PA[TEISp ¥ sapracid spusurmion Aw Jo Af Hed
“yueoyruSIsur suresaq (suoisstwpe [edsoy anpre) Heoy pue ernowmoud)

SUOLRIDOSSE JUESYTUSIS M3] SU) UIAS “SHNSOI ISOTY UI PUR S TN J YIIM A[SNODURITNUILS UOHORI) 38R0 PIpnidUl UMOYS
SUOIRNULIO] J-7 ATUO Y] "papnjoul spuenjjod-00 snovsed yiim suopeinuIof -7 Aue Juasoxd j0u pip (£007) 03]
w31 op 3o sjeas] ojnuanIad 86 B SEY 19SEIEP ST S[eaadl

{{9007) Peis3ue] pue 550y "SI0 Y4 A 1wy owswr ye3s Funoddns sy w1 pauonuay jou st aaded sy ‘uredy
(1oded feurduo oy Jo Mo1aal ®

Aq papsoddns jou s1 JueoyIuSis Ajfeonsiels are saded STy UX SUCHIRIOOSSE 181 Y oY1 JO pE9T “d U0 JusWwEIS 5, VdT)
“Burpopow g-1 W usAd JueoyIudis Afeonsnes om soded siqy m SN puR W I US0MIS] SUONRIDOSSE SY) JO IUON

"€ o vorsTou;

33 Ym PIONIPAI ARHURISANS $em (F66]) 70 12 BOISINY ]

T oTRUINSS 1033 9} Sealaym ‘syuempjed-00 snossed

Jo worsnjow o3 psngol A][eieusd a1om (£007) 011 pue {£007)
preddayg (£007) Aopteg ul paiodar synsat oy ¢y [
TUONOOS W BAOGR PSSSNISIP S8 “SHONRINOsSE Jueynyjodi i

(6661 “7v 12 sea) wrydfopeqiyq ut TOTISULY BUAT 30f pue

.

“SUOLIRINIIOY
-7 POR d-1 410q 3spun souwewr jueoyradis A[feonsness v Ut S YA (i pojeloosse sem g3noo juo ‘sotprus
qi0q ssoy (YIgd v se8uego pue ‘9zesym YBnoo ‘spjoo) sworduwiks Aroyendsal Jo s5dA) § I9AO SIRSSI poXIU

feuonewssiul Vo

panunuo)) - 7 AR




118

“asnepo BuIpeoaid oyp M paved Useq ABY PINOYS 3] *3A0GE SIUSTIIIOD AUI Y3jA TUSISISUOD ST S)0M00] SIEL

(11om se Jueoyrudisw Apsow are Ko © wiy/Fri Ge< Jo Fuwy 31) UT 238 IO IN0Y I9YIO
a4J) “payuasaud SIe Jey} [[8 SIe JUIR SUONBINUIIO] - 24 Ul usAs sBupuy jueoyuSls Aue sey Joyjtau pire * /3
SE-0€ Jo aBuer oYy W o1e SapU00Idd (g6 OSOYM SIIID O] AT IS (£007) UOSEIN PUR UIUSTY UL PIIpIys Sa10
XIS o) UIIA, TUOLRSLLIRO SPSy pue ‘popom AjButpesisiu st )] "Apmas Ajprsom © 0} Yo8q SIAOW 3SNRYD S

(#91~8 "d ‘b0z

‘Y dH) Se8reyosIp JOTeJILIGIp 910U 10 (] paousLiadxa pey
1eyy vonendod Apras ay) Jo 18sqNS [[RWS  J0j papiodar ajom
SUOHRINOSSE 1503U0NS Y] IR} $9AISSO JUSUMOO(] BLINLY
Yy g ‘BIUNAYLIE SRIpIRD puR se1orHed SUI HSdMIRg
suoneOoSSE Jo sFurpuy mau nodss (Popz) 7o 12 SI0Yd
(7661 J9WANS) 150 213 10U 1nq (£46] Jeruwmns) pousd
Apmys o3 Jo wed suo ur (pro sreak 7>) usIpyys J0u Ing {(pio
s1ea4 y9<) sjdoad £jrepye 1o sysia jusunredap LousBrows
Ksojendsar pue ST U0dMIDG STORRIOOSSE JUROGIUBIS
Appeonsniess podal (L661) 1v 12 ounya( ‘ejdurexo 101

FEo

. (E00T ‘BOSERY
pue WweT ) JueoTaSis A[jeonsyess j0U a1z Je1)) SaNo
XIS 10 0M] Ul SUOHRROsse spiodal Apmys 1ajoue pue

/A L ¢ oq oy spgusossd 86 SH SMOYS ‘9007
“¢ Tudy uo Aquo pasesjar {(9007) geysduey pue ssoy ($007) JyeIsBue] pue Ssoyy Ul payo Jou sem osje soded s1y]

-Apms o ut syusped (0] IS0 SY JO AUe Ul SaZIRYOSIP J0FR[IUqYSP PUE S 7] 10§ UOHRIIOSSe

yreoygTudss Afjeonsue)s ou sem 21941 peBueyoun sem LON JO SIRUIISS 193J13 S SEAISYM ) 03 A[eARRYR SUND
30 QJRWIIS 1931Y0 S} PeOnpal [3pow Suo oy spueinjjod Yroq Suipryour TGN 10§ P2AISSqO 2lam SHONBIO0SSE
1s98uons a1, mq Jueoytudis sem (J-1 j[e) SUOHEIOSSE ST [R10A0S 30 Jn0 2u0 Apms a3 ur sjusned oy jo
9304 “Aprys  swoydwks,, v A[oA0a30 ‘s10efiLqap peruridun Jo s81eyostp Jo Asuanbayy a3 JO Aprus B seam siy

DOOT “70 12 s19134

‘TONBINULIOY J-T B U USAS JUROYIUSIS 10U 91am papiodal suopeioosse Jaqy() (WUestudis surewal
“I3AM0Y “SU0ZO SIFYM) BONRINULIO) J-7 © UI pateutwye Aproyn st soueoyudis s) ng ‘uone[nuuo) §-1 €W
28 51034 $g< 207 SIISIA WOOI Aou0TIouIa pue SN USIMIBG UORBIDOSSE Juesyudis Ajjesusiels & spuy Apms sty

L661 v 12 ougpag

110U 31e SIoyI0 pue Jueogadis
Affeonisnels are Apms a3 Ul polodal suoneOSSE
SIS YOTYAM U SHTIS2X PIXTW 110da1 SIIPTS IS0

“uesyuBisur ae Aj[eIOW pue SN
naom3aq spodas 31 suoneosse oy Jo Asofewr sy ofym ‘Ynsar weoiiuBis Ajpesusiers suo Ajuo spuly Apms syl

“£007 " 12 omsQy

“3uole

12 eIy Aq payuassrdal Uel) poxIi S10US Jey are SHNSal 350U pue ‘eep sures oy Suwsn Surepow 3o A4S 2NUG ST
199]J33 PINOYS X120y 10§ sSwipuyy o4y (0007) 70 77 opAY) pue ((07) ‘Jv 7o YImg osje SuIpnjoul ‘s1oyoIessol
JO 5195 JUAIIP 331G AQ PAIPMIS Sem Pue XIUB0UJ J0Y sem (€00T) /0 12 JeJ J0] BIRD SYT “SINSL Y} 1O £/7
INOGE U 1SNGOI 10U Sem 2ouedyTuds jeonsnels oY ing ‘symsar jresgruds Afjeonsnes awos 1odol pip v 15 RN

€007 “p 12 e

(SINSAT POXIUL,, PUTY WY} JO INOY [[& Jg -~ Sa1pnIs ANprgecw

JeucieusId] YO

penupuo) - 7 9jqe,




119

"3l 7797 oq 0y ouasad | 86 SI SMOYS ‘9007
‘g judy go Ao paseajal (9007) Jeisdue pue ssoy “(§oN7) PeIsBue pue S0 UT payo J0u seam ospe yoded styy

*(p007 “Aopuny 7 preddayg ‘suef) paserq aq 0 UMOYS
usaq souIs sey jey ST Jof Surfjonuod 30 ampaooxd e sasn Apmis o1 U9AsmOl] pajussald aism suonRinULIc)
d-7 ON "suonenuuo) J-1 W SYNJ pue HOHOIRIUL [RIPIRO0AW UsmIaq uoneidosse Jueoyiudis v spodsr Apnys syl

1007 ?\U 12 512194

‘je 18 oFues
srgy w1 Apmys auo Ajuo Suiaes] ‘poddorp oq pnioys 3] "pazijeuesl Usaq 2ARY A2Y) SSfUn SHIPIS Yons uo AJa1 0} Jou
Ao11od 5,y 5 S9IRIO1A 2101 UOISN]OUL S)] "'PoZA[eUESY U30q JOU Sey J1 puR pOYIaw ATV o) pasn (0007) 70 72 QoNS

0007 “10 12 gang

IS[9AQ] YONS J¢ SUOREII0SSE

noge suosnjpuos Furyowal 10§ siseq e apiaoid jou op [ /BT
¢¢ 03 ¢ “a1] o8url sy Mofaq oIk sonjeA o[nuaced MIRE

S} YOIy U1 SOIPIS JO JoqUING pajrun| £1aA o) ‘Jayung

LW/311 O MO[oq SUONENUIIU)) YU 86 YIM SAPN}S JnoqE spuowale)S (1) pieg

JeUORBUIBIU] V4O

panunuo) - 7 gL




120

CRA International

More Complete Information to Supplement Evidence-Based Case in PR

After making the cotrections to the factual inaccuracies that I have identified in column 2 of
Table 2, the evidence of a “strong predominance” of significant associations for dataset with
98" percentiles above 39 pg/m® appears to be unsupported. Additionally, the dividing line at
39 ug/m3 is not a location where one starts to find clearly less mixed results above than
below. Even so, the evidence cited in PR is not complete.

In order to perform a more complete review of the body of evidence on PM; 5, I developed a
list of all the epidemiological studies for short-term PM 5 that T could identify that met the
following criteria:

¢ Iscited in the CD (papers published after the CD cut-off date are therefore not
included, since these are not supposed to be a part of EPA’s current evidence-based
rationale).

* Is a short-term health effects study.
¢ Isbased on US or Canadian datasets.

» Has no GAM problem. (If a GAM problem existed in a paper, only reanalyzed results
were considered.)”’

s Used directly measured PM, s (Studies that “filled” missing values were included, but
studies that estimated all the PM; 5 values from visibility or other measures were not
included.)

+ Considered any type of effect that could be categorized as a clear health impact. This
included aggravation of asthma, changes in lung function measures (e.g., PEFR,
FEV1), and detected arrhythmias.”

1 found studies for 38 specific combinations of type of health effects and PM, 5 dataset, that |
call “locations,” and list in Table 3 . Ireport cities’ results individually wherever possible, if
the study is a multi-city study. Two multi-city papers do not provide city-specific data:
Burnett and Goldberg (2003) and Schwartz and Neas (2000). Of these 38 “locations” 25 are
cited on p. 2649 of the PR, Ireviewed each study to determine the general significance level
that it found for the PM; 5 association specifically. Iranked them into one of three categories:
“no overall significant association,” “mixed significance” and “overall significant
association.” By “overall significant association,” 1 mean that a majority of the regressions in
the paper produced statistically significant associations. If a 2-P result is provided, it must
also be statistically significant to be placed in this category, unless there is evidence of

" This requirement caused me to drop three of the studies that the PR cites in its case on p. 2649 Stieb et al.
(2000), Burnett ef al. (1997), and Schwartz ef al. (1994). However, the last of these was replaced in my review
by Schwartz and Neas (2000) which analyzes the same effects, and finds the same general associations for PM, 5,
but which does not appear to have the kind of GAM usage that was subject to the convergence problem.

% 1t did not include measures of heart rate variability, an association with which may be indicative of some kind
of physiological response to PM, s exposure, but whose significance to actual health outcomes remains unknown.
This criterion only excluded two studies that otherwise fit these criteria: Gold (2003) and Liao ef al. (1999),
neither of which EPA uses in its evidence-based case for setting the standard at 35 pg/m’.
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multicollinearity problems in the 2-P model.”® A ranking of “no overall significant
association” was assigned if the majority of the results in the paper are insignificant even if a
statistically significant result exists in the paper. If there is only one 1-P and one 2-P result
reported, and the 2-P is insignificant, I assigned it to this category, unless there is evidence of
multicollinearity problem in that the 2-P result.

My specific rankings are shown in Table 3. Appendix A provides my rationale for each
assigned ranking. Table 3 also shows the 98™ percentile PM, s level associated with each
location. Where possible, these values are from Ross and Langstaff (2005) or Ross and
Langstaff (2006). However, many of these studies are not listed in those documents, and I
estimated their 98" percentile PMa s from other relevant the distributional data provided in the
cited paper(s). My estimation methods are documented in Appendix B. However, it should
be noted that all the values that T had to estimate fall above the 40 pg/m’ level, and so my
estimates do not affect how one might consider setting a standard in ranges from 40 pg/m’
downwards, if that is the interval of concern.

¥ Such evidence exists when both the PM and gaseous pollutant would become insignificant in a 2-P
formulation even though both are significant in their respective 1-P formulations.
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Table 3. List of Locations and Associated Papers Reporting Short-Term Epidemiological Findings

98" Robustness of
Papers Studying this Impact for Percentile Association
Location Impact Category this Location PM, 5 for PM, s (*}
Newark, NJ Mortality Tsai et al. {2000) 94.2 2
Camden, NJ Mortality Tsai et al. (2000) 84.4 2
Elizabeth, NJ Mortality Tsaj et a/. (2000) 84.0 i
N . Schwarlz (2003a), Klemm and
Steubenville, OH Mortality Mason (2003} 816 2
Los Angeles, CA Mortality Moolgavkar (2003} 60.4 1
anta Clara Gounty. Mortality Fairley (2003) 59.0 3
Pittsburgh, PA ortality Chock et al. {2000) 56.3 1
Detroit, Mt ortality Ito (2003}, Uippmann ef af, (2000} 55.2
Montreal, Canada ortality Goldberg and Burnett {2003) 53.1
Philadelphia, PA Mortality Lipfert ef a/, (2000a) 44.2 2
N N Schwartz (2003a), Klemm and
St Louis, MO Mortality Mason (2003) 436 2
N N Schwartz (2003a), Klemm and
Knoxville, TN Mortality Mason (2003) 43.5 1
" Schwariz (2003a), Klemm and
Bosion, MA Mortality Mason (2003) 42.0 3
8 Canadian Cities Mortality Burnett and Goldberg (2003) 38.9 3
N N Schwartz (2003a), Klemm and
Madison, Wi Mortality Mason (2003) 343 1
Coachelia Valiey, CA Mortality Ostro ef a/. (2003) 334 1
. N Mar ef al. (2003), Smith ef af.
Phoenix, AZ Mortality (2000) and Clyde ef al, (2000) 322 2
. Schwartz (2003a), Kiemm and
Topeka, KS Mortality Masan (2003) 320 1
Los Angeles, CA Morbidity: Hospital Visits Moolgavkar (2003} 60.4 1
Detroit, Mi Morbidity: Hospital Visits 1o (2003) 5682 3
Toronto, Canada Morbidity: Hospital Visits Thurston ef &/, (1994) 51.0 1
Seattle, WA Morbidity: Hospital Visits Sheppard (2003) 48.6 2
Atlanta, GA orbidity: Hospital Visits Tolbert et al. (2000) 415 1
Montreal, Canada orbidity: Hospital Visits Delfino et al. {1998) 40.7 1
Montreal, Canada orbidity: Hospital Visits Delfino et al, {1987} 31.2 1
Boston, MA orbidity: Hospital Visits Peters ef al. (2001) 28.2 3
Los Angeles, CA Morbidity: Symptoms Ostro et af. (2001) 112.0 3
e Neas ef al. (1996), Schwarlz and
State College, PA Morbidity: Symptoms Neas (2000} 69.0 2
Denver, CO Morbidity: Symptoms Ostro ot al. (1991) 60.3 1
. e Neas et al. (1995), Schwartz and
Uniontown, PA Morbidity: Symptoms Neas (2000) 60.0 3
Los Angsles, CA orbidity: Symptoms Linn ef al. (1999) 59.1 1
San Diego, CA orbidity: Symptoms Delfine et al. (1996) 51.1 1
6 US Cities orbidity: Symploms Schwartz and Neas (2000) 48.0 3
Virginia orbidity: Symptoms Naeher ef g/, (1999) 45.1 2
Virginia orbidity: Symptoms Zhang ef al, (2000) 45.1 1
Philadelphia, PA orbidity: Symploms Neas ot a/, (1989) 44.9 1
New Hampshire Morbidity: Symptoms Korrick ef af. (1988} 41.2 2
Massachusetts Morbidity: Symptoms Peters ef al. (2000) 31.7 1

{*) 1="no overall significant association,” 2="mixed significance of findings” and 3="overall significant association.”
See Appendix A for my definition of criteria for these three categories and my raticnale for assigned rankings.
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Synthesizing and Interpreting the Full Body of Evidence

Information as extensive and complex as that in Table 3 is easier to interpret if presented in
alternative formats. Figure 7 presents a graphical summary for all the relevant studies that
EPA should use in making its evidence-based case, based on the data in Table 3. The blue
diamonds are studies EPA cited on p. 2649, and the red diamonds are studies EPA has not
called (and for which I therefore had to estimate the 98" percentile value). The Burnett and
Goldberg (2003) and the Schwartz and Neas (2000) studies are shown as an unfilled
diamonds to emphasize that these 98™ percentile values are for a combination of individual
cities, and therefore cannot be compared to the others in this analysis. The two dotted red
horizontal lines reflect the dividing lines of the three categories in EPA’s evidence-based
argument.

When this complete set of evidence is organized into this internally-consistent summary
format, it becomes clear that EPA’s arguments to set the standard at 35 pg/m’ do not conform
with the evidence. For example, there is no evidence of a “predominance of statistically
significant findings” above the 39 ug/m® line. Nor is there any higher level of PM; s 98"
percentile above which statistical significance is more common than below. While it is true
that evidence of significance is mixed for studies in the 30-35 pg/m’ range, it is just as mixed
for studies above the current standard of 65 g.Lg/m3 —and particularly so for the category of
mortality.

When the Burnett and Goldberg study (the unfilled diamond) is ignored for the reasons stated
above, the lowest 98™ percentile level for which a statistically significant mortality effect is
robust is at 42 ug/m’ — and this is for Boston from the Six Cities database on which the
current standards were based in the first place. In other words, if considering just the
mortality evidence, EPA is left with making a case to tighten the daily standard using the
same study that was used when the present standards were set. Moreover, since that time, the
overall robustness of the association in that study has been proven to be less than it was
thought to be in 1997. Further, among the mortality studies, only 2 out of 10 that are in the
range of 42 pg/m® up to the current daily standard of 65 pg/m® find robust statistical
signiﬁca;we. The second of these is Fairley (2003) for San Jose, with a 98" percentile of

59 ug/m’.

Turning to the morbidity evidence, little further guidance appears. For hospital admissions
and emergency room visits, there is no pattern of significance at all. There is one study at the
very low 98" percentile of 28.2 pg/m® that finds a robustly significant result, which is Peters
et al. (2001). The only other study in this category with a robustly significant effect has a 98"
percentile of 55.2 pg/m’ (i.e., o (2003)), and there are five studies in the intervening PMz s
levels that find do not find a robust association.
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The third category is studies of respiratory and cardiovascular symptoms. These studies
mostly consider changes in measures of pulmonary function (e.g., PEFR and FEV1), or in
reported incidence of coughing or wheezing. One study in this group assessed changes in
frequency of cardiac arrhythmia, using defibrillator data (it did not find a robust significant
effect however.) Once again, there are too few studies with robustly significant findings to
discern any trend.

The evidence thus does not provide a coherent case for setting the daily standard at 35 pg/m®.
It also does not provide a case for tightening the daily standard, given the continued
prominence of the Boston mortality association within the statistically significant results.
And most of all, the evidence does not provide any apparent alternative level at which to set
the standard, if one is intent on tightening it.

Nevertheless, there are some studies that do find robust associations at levels below the
current standard of 65 pg/m>. Thus, if one is intent on tightening the daily PM, 5 standard,
one’s best approach might be to start by exploring the methodological merits of individual
studies finding robust associations at the lowest PMy s levels, and work upwards until a study
is found that has strong methodological properties. 1 will therefore go through this exercise
next.

The study with robust significant findings at the lowest PMa s 98" percentile level is Peters er
al. (2001), followed by Burnett and Goldberg (2003), then the Boston results from the Six
Cities database.

Peters et al. (2001). This paper is the one with the lowest 98™ percentile of all those
identified, yet it also is among the few that report a robustly significant association between
PM, 5 and health — in this case, with likelihood of onset of myocardial infarction. The 98t
percentile in the time period studied was 28.2 pg/m”. The method used is different from all of
the other short-term PM; s mortality and morbidity papers reviewed here — a “case-crossover
approach.” Most short-term health effects studies for mortality and hospital visits/admissions
explore the association between daily numbers of deaths or hospital visits/admissions and
daily air quality. Individuals are not tracked at all. The case-crossover method is quite
different in that it identifies individuals who have experienced a particular health event
(myocardial infarction, in this case), and then explores the differences between air quality just
prior to the time of that event and at other, “referent times” when the event did not occur,

The case-crossover design is an accepted statistical approach, considered to have substantial
merits for use in epidemiology. However, it is also a relatively new approach and its use in
Peters ef al. (2001) stands as a methodological outlier within the PM, s epidemiological
literature reflected in Table 3 and Figure 7 above. Given the fact that this paper also appears
to provide the strongest case for possibly tightening the PM; s daily standard, its application of
this relatively new statistical approach merits some scrutiny.

A critical issue in case-crossover design is how to select the “referent times™ for the statistical
controls. This is a judgment that is in the hands of the researcher and there are many
alternative ways that the referent times can be selected — each of which can produce different
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statistical findings, of course. Some referent selection methods can introduce statistical
biases, and thus are less desirable. Janes et al. (2004) characterize the biases associated with
alternative referent selection schemes, and report that a “restricted unidirectional” selection
method is subject to intractable forms of biases. Peters ef al. (2001) use this restricted
unidirectional method. Of nineteen case-crossover studies of air pollution exposures between
1999 and 2004 noted by Janes et al., Peters et al. (2001) appears to be the only one that used
this biased referent selection method exclusively.

In light these statistical concerns with the way Peters et al. (2001) have applied the case-
crossover approach, it would be prudent not to let this single study serve as a basis for where
to set the PM; 5 daily standard. Additionally, this study did not report any PM, 5 results that
also controlled for gaseous pollutants. Part IV of my comments explains why this should be
another cause for caution in the weight that this study should receive in an evidence-based
approach.

Burnett and Goldberg, 2003. This paper is a reanalysis of part of a much more extensive
study, Burnett e al. (2000), that is affected by the GAM default setting problem. Thisisa
study of short-term mortality in eight cities in Canada. Across a range of 1-P formulations,
this paper does find mostly statistically significant associations between mortality and PM, s,
However, the only results reported are for all eight cities combined, yet alternative smoothing
strategies reported in Burnett and Goldberg (2003) ~ particularly those that allowed the
smoothing to be different for each city — substantially reduce the size of the PM s relative risk
estimate and also render the PM, 5 association statistically insignificant.

The authors note that there is insufficient evidence from this study to conclude that the
association varies across the cities. Nevertheless, their results also make it difficult to
consider using the 98™ percentile across all eight cities as an indicator of what level of 98"
percentile in a given city might account for the associations observed in this study. The 98®
percentile of 38.9 pg/m’ reported in Ross and Langstaff (2005) is for all eight cities combined.
It is not clear how the city’s individual daily PMy s values were used to develop a single 98%
percentile for the combined set, but air quality summary statistics in the original paper
(Burnett et al. (2000)) indicate that the 98" percentiles for the eight individual cities likely
range between about 27 and 48 pg/m’. If the statistically significant association is being
driven by one or more of the cities with higher levels of PM, then the 98" percentile that
should be assigned to this study would be higher than 39 ug/m®. (The opposite could be true
as well, but if the associations are being driven by cities with lower rather than higher PM, s,
this would raise yet other important questions for the NAAQS.)

Thus, a primary concern with relying on the data point of 39 pg/m’® from this study to consider
where to set a daily standard for PM; 5 is the fact that this value is not comparable to the 98™
percentiles for all of the other studies whose findings are being evaluated in this manner.*
There are, however, a number of other issues associated with use of this study that merit
mention.

*® Note, for example, that my analysis breaks the results from the Six Cities studies of mortality into their
individual city-specific 98" percentiles.
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First, the original study did consider the role of PM 5 in conjunction with gaseous co-
pollutants, and those analyses found that PM; s and PM¢.2 s together appeared to have much
less explanatory power than the gaseous pollutants. These multi-pollutant explorations were
not repeated for the reanalysis, so we cannot know if this result would remain when applying
correct statistical methods. However, at present, the results EPA is using in its evidence-
based approach are strictly from 1-P models. As Part IV of my comments will explain, that in
itself is a concern. However, the concern is heightened in this case because earlier analyses
suggested that indeed the PMz 5 association in this study is not robust to inclusion of gaseous
pollutants,

Second, Montreal is one of the eight cities in this study. The same core group of researchers
(Goldberg and Burnett (2003)) could find no statistically significant associations for Montreal
alone using similar methodology. Delfino et al. (1997 and 1998) were unable to find any
morbidity associations for PM; 5 in Montreal. Toronto is also one of the eight cities and
Thurston ef al. (1994) could find no PM; 5 association with morbidity there. These other
studies raise concerns about the role of individual cities in driving the combined-city
associations reported in Burnett and Goldberg (2003), yet there is no such information
available to better assess and understand the implications and robustness of its findings.

Boston results from Six Cities Dataset, Boston is one of the cities for which a statistically
significant short-term PM; s mortality association was first reported in Schwartz ef al. (1996).
The current PM; 5 standards were based on the association found for Boston in this dataset.
Although the 98™ percentile for Boston in this dataset is 42 ug/m’ the combination of an
annual standard of 15 pg/m® and a daily standard of 65 pg/m® was found to provide the
requisite level of public health protection in Boston and elsewhere,

Since 1997, the Boston results have been reanalyzed in Schwartz (20032) and in Klemm and
Mason (2003). The original GAM-based finding was not much affected by reanalysis with
correct convergence settings. However, a series of alternative temporal smoothing, and linear
estimation methods were explored. Alternative degrees of smoothing did produce a
progressive decline in the original size of effect, and in the most controlled case, the PMa s
association was statistically insignificant.”’ Nevertheless, this Boston dataset provides one of
the lowest 98" percentile levels for which a robust assaciation appears.

A final note that has heightened relevance today compared to 1997 is that the only
associations reported from the Boston dataset are single-pollutant formulations. As Part IV of
my comments explains, there is substantial evidence available since 1997 to know that 1-P
formulations generally overstate the role of PM;s.

Fairley (2003). This paper is often also cited as one of the reasons to lower the standard, but
as can be seen, it actually has a relatively high 98" percentile of 59 pg/m®. Nevertheless, its
annual average PMy s level (13.6 pg/m3 ) is among the lowest of the studies with robustly
significant associations, and a closer look at some of the features of this study also is
warranted.

* The pattern of sensitivity in these extra analyses can be observed in Figure 3 above. That figure shows the
combined-city result’s sensitivity, but it is mirrored by the Boston city-specific results, which appear to be a key
driver of the combined-city effects.



128

CRA International

A key attribute of the dataset used for this study is the magnitude of the decline over time in
PMS; 5 levels that occurs within the period analyzed. Table 4 shows that although the 98
percentile and annual average levels in this dataset were below the current standards when
averaged over the entire time period, PM; 5 levels were actually quite high in the earliest
years of the study period. There is no discussion or information provided in the paper about
the possibility that the PM; 5 associations found in this dataset might be driven by the higher
levels in earlier years, or how they vary over time. Few other epidemiological papers address
this question, but few of them have relied on data with such pronounced trends in the air
quality being associated with health effects.

Table 4. PM, s Levels (ug/m®) in Dataset Used in Fairley (2003)
Source: Fairley (1999)

1990 1991 1992 1993 1994 1995 1996
98" percentile 88 51 48 50 44 32 25
Annual mean 18.4 15.5 13.8 12.9 12.6 10.3 9.5

One other concern associated with this study is the fact that the significant PM, 5 association
occurs for same-day PMa s, but the association is actually quite negative when a 1-day lag is
considered. While a true causal association would likely reveal greater effects with some lags
than with others, it does raise some concern when a large and robust effect for one lag is
accompanied by a complete reversal of the association for another lag that differs by only a
single day. The same-day PM; s association is robust in various formulations including
gaseous pollutants, but the negative association for a 1-day lag is never again explored.

In conclusion, there are a number of significant questions remaining regarding Fairley (2003)
that makes it a poor candidate as a basis for a tighter daily PM; 5 standard.

Conclusions from the More Complete Evidence-Based Approach

In this section, I have reviewed each of the statements made by EPA in its evidence-based
case in the PR and made a number of corrections. I have also identified and incorporated
elements of the relevant literature that are missing from the case presented in the PR. Finally,
I summarized this information in a graphical format more useful for interpretation and
decision making. Having done this, it became apparent that EPA’s arguments for setting the
daily standard at 35 pg/m® are not supported by the evidence. I find that there is in fact no
obvious level above which there is a clear “predominance” of significant studies. As I have
explained in Part II, there is no clear case in the risk analysis to tighten the daily standard at
all. That finding is probably related to the problem of finding a reasonable level for a
standard using an evidence-based approach. Nevertheless, a complete analysis of the current
evidence leaves EPA with a quite arbitrary decision on where to draw the line.

With the choice of where to set the standard not possible to be guided by any patterns or
trends in the evidence, one is forced to consider the individual merits of just a few key studies
that are salient in that they do find statistically significant results at air quality levels below
the current standards. My review in this manner leads me to conclude that Peters ef al. (2001)
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poses too many significant methodological concerns to be a basis for a stringent daily
standard. The next lowest study, Burnett and Goldberg (2003), leaves some important
methodological questions, but the primary difficulty in relying on this study to set a daily
standard is that its reported 98™ percentile level is not really a value associated with a single
location that has been demonstrated to have a PM, s-health association. The relevant PMa s
level to associate with that study is likely above the combined-city level of 39 ug/m’ perhaps
in the mid to high 40s.

This brings us to the Boston dataset from the Six Cities study with a 98" percentile of

42 pg/m’. The primary methodological concern with this study is that it relies on only a 1-P
formulation (as do the other two discussed above). Ironically, this is the same dataset on
which the current standards were based, and since that time, some additional uncertainties
associated with its findings have been elucidated in reanalyses. Nevertheless, it remains a
study that one could argue would still serve as a lower bound for setting a daily standard.
Given that the current standards were set on the basis of this study originally, and the
somewhat eroded robustness of its findings since then, one could reasonably conclude not to
tighten the current standard at all. This would be consistent with my overall conclusions that
the estimated risks are lower now than in 1997, and that uncertainties with the
epidemiological evidence have become heightened since 1997,
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IV. EPA Understates the Sensitivity of PM.s Risk Associations to Inclusion of
Gaseous Co-Pollutants

The PR repeatedly states that the PM; s associations with health are “generally robust” to the
inclusion of gaseous pollutants in a 2-P model formulation. This statement is offered as a
reason that the evidence is stronger for these associations now than in 1997. It is also used as
a reason to rely strictly on 1-P model results in the risk analysis, even when 2-P results are
available. Much therefore rests on this statement, yet it is inconsistent with the actual
evidence. In this part of my comments, I document how the inclusion of gaseous co-
pollutants in a statistical model generally erodes the confidence in any PM; s association that
might be supported by a 1-P model result.

Short-Term Studies

Following the selection criteria I described in Part III for identifying short-term PM; s health
effects studies, I identified 34 papers that provided estimates of the association between PM, 5
and one or more health endpoints, ranging from mortality to subtle changes of unknown
significance, such as heart rate variability (HRV). Ofthe 34 papers, 11 reported both 1-P
results for PMj s and also 2-P results that included at least one gaseous co-pollutant
simultaneously with PM, 5.3 Table 5 lists those papers and summarizes the outcomes of the
1-P and 2-P formulations. All but one of those studies did find a statistically significant PM; s
association in a 1-P formulation. Table 5 shows that in all but two of those cases where the
1-P formulation found a significant association with PMy s, the PM s association became
insignificant in the 2-P model. Additionally, in all but one of those cases, the gaseous co-
pollutant would remain significant, thus eliminatin§ an argument that the sensitivity of the
PM; 5 association must be due to multicollinearity. 3 (If muiticollinearity were a problem,
both pollutants would become insignificant.)

Of the 11 studies that included both 1-P and 2-P results, only two studies (Fairley {2003) for
mortality and Gold (2003) for heart rate variability) found a PM, 5 effect that was robust to
inclusion of gaseous pollutants. This is quite strong evidence that EPA is incorrectly stating
in the PR that 1-P formulations are reasonable to continue to use. This is an important point
because EPA is relying primarily on 1-P results to build its case for the need to tighten the
PM; 5 standards, both in the quantitative risk analysis and in its evidence-based approach.

Table 6 lists the 22 papers that report only 1-P model results. A majority of them are being
used in the PR as part of the evidence in favor of tightening the daily PMy s standard.

2 A 12" paper (Zhang et al. 2000) also performed multi-pollutant modeling that included consideration of PM;s
as well as the gaseous pollutant NO,. However, no results were provided in the paper for PMy s in 1-P form so
that a comparison on 1-P and 2-P results is not possible. Instead the authors reported that PM, s was not
significant when considered in combination with all the best predictors, based on a forward stepwise method of
choosing explanatory variables.

¥ Kotrick et al. (1998) is the one case where a multi-pollutant formulation appears to suggest that variance

inflation is the root cause of PM, s’s lost significance, rather than the fact that the gaseous pollutant had greater
statistical explanatory power.
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Table 5. Summary of Sensitivity of Short-Term PM; s Health A iations to Inclusionof a G Co-
Pollutant (*}
Paper City Effect Was any PM;; | Gaseous | Gaseous
Estimated coefficient pollutant | Pollutant
significant? signif in
2-P?
i-P 2-P
Delfino et al,, 1997 | Montreal ER visits Yes No Yes Qs
Sheppard, 2003 Seattle Hosp adm Yes No (**) Yes CO
Lipfert et al., Philadelphia | Mortality Yes No Yes O3
2000a
Korrick ef al., 1998 | NH Mins Lung function Yes No No Oy
indicators
Thurston ef af., Toronto Hosp adm Yes No Yes O
1994
Moolgavkar, 2003 | Los Angeles | Hosp adm Yes No Yes CO,NOQ,
Mortality Yes No Yes CO
Delfino et al,, 1998 | Montreal ER visits Yes No Yes O,
Peters ef al, 2000 | E. Mass Arrhythmia Yes No Yes NGO,
symptoms
Fairley, 2003 Santa Clara Mortality Yes Yes Yes for | NO,, Os,
Co, CA peak O3 | CO
Gold et al., 2003 Boston HRV Yes Yes Yes for | Oa, NO,,
03 SOZ
Chock et al., 2000 | Pittsburgh Mortality No No No Several

("} Note: Zhang et al. (2000) also performed multi-poliutant modeling that included consideration of PMy s as well
as NO2. However, no results were provided in the paper for PMys, either alone or in combination with other
poliutants; the authors reported that PMz s was not significant when considered in combination with all the best
predictors, based on a forward stepwise method of choosing explanatory variables. it therefore cannot be
included in Table 5.

{**} For Sheppard {2003), the reanalyzed GAM-based 1-P and 2-P results were both significant, However, the
GAM code produces a biased standard error that overstates significance levels, and hence GLM-based results
are viewed as more reliable and should be used when available. The GLM-based 1-P result is significant, while
the GLM-based 2-P result in this paper is insignificant (albeft borderline), and the relative risk level is reduced.
Additionally, all four of the seasonal coefficients for the 2-P GLM models are insignificant.



132

CRA International

Table 6, Summary of Papers on Short-Term PM, s Health Associations That Do Not Report Any PM, 5
Results from 2-P Formulations that Included a Gaseous Co-Pollutant (*)

Is Paper Cited in
Paper City Effect :; ‘::g :ll; s\;!(sed Evidence Based
Estimated Analysis? Arguments of
Y Proposed Rule?
Klemm & Mason, Boston, MA Mortality X X
2003; St. Louis, MO | Mortality X X
Schwartz, 2003a Knoxville, TN Mortality X
Madison, Wi Mortality X
Steubenville, Mortality X
OH
Topeka, KS Mortality X
Burnett & Goldberg, | 8 Canadian Mortality X
2003 cities
Hto, 2003 Detroit Mortality X X
Hosp adm X X
Mar et g/, 2003 Phoenix Mortality X X
Smith ef al., 2000 Phoenix Mortality X
Clyde et al., 2000 Phoenix Mortality
Schwartz and Neas, | 6 US citles Resp symptoms X X
2000 (*) State College, | Resp symptoms X
PA
Uniontown, PA | Resp symiptoms X
Ostro ef al,, 2003 Coachella, CA | Mortality X
Tsaiet al., 2000 Elizabeth, NJ Mortality X
Newark, NJ Mortality X
Camden, NJ Mortality X
Peters ef al., 2001 Boston Hosp adm X
Goldberg & Burnett, | Montreal Mortality X
2003
Neas et al,, 1995 Uniontown, PA | Resp symptoms X
Neas ef al,, 1996 State College, | Resp symploms X
PA
Tolbert et al,, 2000 Atlanta ER visits
Linnetal, 1998 Los Angeles Resp symptoms
Liao et al, 1998 Baltimore HRV
Ostro ef al,, 1991 Denver Resp sympioms
Neas ef al,, 1993 Philadelphia Resp symptoms X
Ostro et al,, 2001 So. Calif, Resp symptoms
Delfinc et al., 1996 San Diego Resp symptoms
Naeher ef al,, 1999 SW Virginia Resp symptoms

(*) Note: Some of these studies did inciude 2-P models in an original paper that was affected by the GAM
statistical errors. This summary does not account for any results that were not reanalyzed and reported in HE|
(2003).

(**) Grant ef al. (2002) list this paper as potentially having a GAM problem, but our review of this paper suggests
this is not the case, and so it is listed here.
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Flaws in the PR Case. Contrary to the evidence in Table 5, the PR states that recent short-
term studies are “generally robust” to inclusion of gaseous co-pollutants.® I will now explain
the flaws in the supporting evidence that the PR offers for this statement,

The first evidence the PR cites is two studies that did not include any measures of PM; s:
Domenici ef al. (2003) and Schwartz (2003b).

The PR then cites studies that did include PM; 5, but the PR makes a more equivocal
statement: “Similar results are seen in some single-city studies using PM; s for some health
outcomes in whxch the single-pollutant model association was statistically significant”
(emphasis added).” EPA cites four papers to support this statement:

Fairley (2003)

Ito (2003) for hospital admissions for heart failure and pneumonia
Sheppard (2003)

Gold et al. (2003)

* ° * @

As Table 5 shows, Fairley (2003) and Gold (2003) do indeed find robustness to 2-P
formulations. However, Sheppard (2003) finds that the association for PM; s does become
insignificant in a 2-P formulation with CO, when relying on the GLM results rather than the
GAM results (as I noted in Table 5). Further, Ito (2003) does not report any 2-P results that

included a gaseous pollutant simultaneously with PMa s, which is why it does not even appear
in Table 5.

As Table 5 shows, Fairley (2003) and Gold (2003) are just two of 11 studies in which both
1-P and 2-P results were reported. While this does qualify as “some” of the studies, when
these two studies are placed in context of the total body of evidence, the case for robustness to
inclusion of a gaseous pollutant is clearly incorrect.

The PR’s discussion then diverts attention to the impact on the size of the PM; s association.
First, this ignores the more important implication, which is that the 2-P modeling suggests
there may be no causal role of PM; 5 at all in face of consideration of gaseous pollutants as
well. Second, the supporting evidence EPA provides is miniscule: “The size of the effects
estimates were little changed in other studies as well in which the szngle -pollutant model
associations were not statistically significant” (emphasis added)”” — and then they cite
unspecified insignificant results in Ito (2003), which as already noted does not contain any

PR, p. 2634,

B PR, p. 2634,

% The original paper that Ito (2003) reanalyzes did find a robust response to 2-P modeling, but reanalyzed 2-P
results are not reported in Ito (2003). Ito (2003) at p. 153 does report 2-P results that included PM,q and PM, 5
simultaneously, which is not the type of 2-P that is being discussed here. However, even so, these results reveal
that the PM, 5 associations for hospital admissions for heart failure and pneumonia are insignificant in these runs
(and also insignificant for all other mortality and morbidity effect reported). The information provided in
Figure 7 on 1to’s p. 153 also reveals that the reanalysis with strict convergence for the GAM resulted in
insignificance where it had once been significant for pneumonia admissions under the default GAM convergence
criteria of the original study.

PR, p. 2634



134

CRA International

2-P model results, and Chock ef al. (2000), which happens to be the single study in Table 5
that did not find a significant 1-P effect! It is unsurprising that there would be little change
between the 1-P and 2-P effects if the former is insignificant to start with.

The PR’s statements regarding the robustness of PM; 5 results to 2-P modeling goes on to note
that “In yet other studies, however, for some combinations of pollutants in some areas,
substantial reductions in the size of the effect estimates for PM, 5 were observed.””® For this
they cite only Moolgavkar (2003), Thurston et al. (1994), and Delfino ef al. (1998). Table 5
reveals that EPA could have cited five additional papers to support this statement: Delfino et
al. (1997), Korrick et al. (1998), Lipfert et al. (2000a), Peters et al. (2000), and (arguably)
Sheppard (2003).

EPA concludes by attempting to diminish the import of any findings based on 2-P models by
stating that “collinearity between co-pollutants can make interpretation of such multi-
pollutant model results difficult”* This is a baseless criticism, which may be why EPA
provides no supporting citations. If collinearity were the cause of the sensitivity of the model
results to 2-P formulations, then both the PM, 5 and gaseous pollutant coefficients would face
reduction in significance levels. However, Table 5 reveals that the gaseous pollutant
remained significant in seven of the eight papers where the PM, 5 effect was significant in the
1-P case but rendered insignificant in a 2-P case with a gaseous pollutant. Only the Korrick et
al. (1998) paper would appear to reflect a problem of collinearity rather than a case of a
gaseous co-pollutant having the more important explanatory power.

Thus, EPA has made an incorrect case that PM, 5 associations are generally robust to
inclusion of gaseous co-pollutants through the compounded effects of:

Referring to PMjg-only results;

Incorrectly citing two of four papers as evidence in favor of robustness;

Citing only three of eight papers that provide evidence of non-robustness; and
Arguing incorrectly that a statistical difficulty of collinearity complicates the findings
of non-robustness, when the actual evidence reveals that to be a potential problem for
only one of the eight papers finding non-robustness.

EENVA IS

When all of the evidence is considered, the short-term studies reveal a substantial concern that
a spurious association may be found for PM; s if one relies on 1-P results. However, EPA’s
risk analysis and most of the figures in the PR showing results from individual papers rely
solely on 1-P results, even when 2-P results are available.”® Further, Table 6 reveals that the
majority of PM, s short-term epidemiological papers provide only 1-P results for PMy s
associations.

PR, p. 2634

PR, p. 2634.

# Cases where the risk analysis relies on I-P results but 2-P results are available are Moolgavkar (2003) for both
mortality and morbidity in Los Angeles, Lipfert e al. (2000a) for mortality in Philadelphia, Fairley (2003) for
mortality in San Jose, Chock et al. (2000) for mortality in Pittsburgh, and Sheppard (2003) for asthma in Seattle.
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Long-Term Studies

It is also noteworthy that the long-term study on which EPA has based its quantitative risk
analysis, that of the ACS cohort, has a well-established sensitivity to the inclusion of SO, in
2-P formulations with PM,s. Krewski et al. (2000) clearly demonstrated this was an issue
with the 1-P results first reported by Pope et al. (1995):

“We observed a stronger association between sulfur dioxide levels and mortality
from all causes in the ACS Study than between either fine particles or sulfate
and all-cause mortality....[T]he fact that sulfur dioxide was a stronger predictor
of mortality than was sulfate does not appear to be due to the larger number of
sulfur dioxide measurements. ... The sulfur dioxide effect on mortality risk was
diminished for the best-educated subjects, a pattern we also observed with
exposure to fine particles and sulfate. However, the sulfur dioxide effect, unlike
the fine particle effect, was not the strongest for the least-educated subjects.”"!

The inclusion of SO, dramatically reduced the size of the estimated relative risk for PM;s,
and rendered the PMz s association statistically insignificant. “The inclusion of sulfur dioxide,
which has a positive association with mortality (RR=1.30, 95% CI: 1.23-1.38) ... reduces the
relative risk [for sulfate] from 1.16 to 1.04...[and causes] loss of formal statistical
signif‘mance.”42 “The relative risk of all-cause mortality for fine particles, as with sulfate, was
diminished after adjustment for .. sulfur dioxide (Table 37).* Table 37 reveals that the
PM. s association falls from RR = 1.20 in the 1-P case to 1.03 in the 2-P case with SO,.
Additionally it goes from strong statistical significance in the 1-P case (CI: 1.11-1.29) to
insignificance in the 2-P case (CI: 0.95-1.13).%

Despite this widely discussed finding, the extended analyses of Pope er a/. (2002) do not
report any 2-P results for PM; 5 and SO,, even though it does report that SO, has a significant
association in its own 1-P formulation. Importantly, EPA’s risk analysis continues to rely
on only 1-P results from ACS cohort studies, including using the 1-P rather than 2-P result
that is available in Krewski et al. (2000). (The 2-P result for SO, is discussed only in a
sensitivity analysis, combined with 2-P results for other gaseous pollutants that were not
significant.) While there may be reasons, as EPA notes, to question the causality of the SO,
association, that does not justify ignoring the observed sensitivity of the long-terma mortality
association to inclusion of this gaseous pollutant.

The other long-term study that EPA has used in its risk analysis, and uses in its evidence-
based discussions is the “Six Cities Study” of Dockery et al. (1993), and reanalyzed by
Krewski et al. (2000). This study, because of its very small number of cities, would not allow
2-P formulations to be tested, Technically speaking, this “was not practical because of the
limited number of degrees of freedom (at most 6 df) for further analyses. The ACS Study,

* Krewski et al. (2000), p. 224,
2 Krewski ef al. (2000}, p. 179.
* Krewski ez al. (2000), p. 181,
* Krewski er al, (2000), p. 184,
** Pope et al. (2002), p. 1140,
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which involved 154 cities with a wide range of pollutant concentration profiles, was not
seriously affected by this limitation.”*¢

There are other long-term mortality studies that EPA does not rely on to build its case for
tightening the PM, 5 standard that also consider the impact of 1-P and 2-P formulations.
Lipfert et al. (2000b) found no significant effect for PM, s and mortality in any of a number of
1-P formulations.*’ They did find significant 1-P associations for O3 and NO,, which they
subjected to 2-P formulations to check for robustness. These 2-P formulations (which used
other PM indicators than PM; 5) found that the gaseous pollutant associations were robust, and
further, that O; appeared to be the dominant gaseous pollutant over NO,.*

Flaws in the PR Case. I have already demonstrated significant flaws in the PR case that
short-term PM, 5 associations are robust to inclusion of gaseous co-pollutants. The PR briefly
extends that argument to long-term studies with the single sentence: “Further, associations
between long-term exposure to PMa 5 and mortality were not generally sensitive to inclusion
of co-pollutants, with the notable except of the inclusion of SO, in multipollutant models used
in the reanalysis of the ACS study.”*

This also is an incorrect summary of the evidence. The PR does recognize the non-robustness
in the ACS study, but does not acknowledge that this is the only long-term mortality paper
that EPA is relying on that reports any 2-P results. Its sensitivity to 2-P formulations is
therefore a major concern. The PR also fails to recognize that gaseous co-pollutants had the

robust association in the only other long-term mortality study that considered any 2-P
formulations.

& Rrewski ef al. (2000), p. 216.

7 In fact, almost all of the results find negative associations for PM, s and mortality, most of which are
statistically significant in the negative direction. This set of results alone should be given some weight in EPA’s
risk analysis and evidence-based approach, but is not.

“S Lipfert et al. (2000b), pp. 60-61.

“ PR, p. 2634,
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Appendix A
Explanation of Basis for Robustness Ratings of PM, 5 Studies

This appendix details the rationale used for summarizing the studies listed in Table 3 of
my report in accordance with the classification system outlined as follows. I reviewed
each study to determine the general significance level that it found for the PMy 5
association specifically. Iranked them into one of three categories: “no overall
significant association,” “mixed significance” and “overall significant association.” By
“overall significant association,” I mean that a majority of the regressions in the paper
produced statistically significant associations. If a 2-P result is provided, it must also be
statistically significant to be placed in this category, unless there is evidence of
multicollinearity problems in the 2-P model.! A ranking of “no overall significant
association” was assigned if the majority of the results in the paper are insignificant even
if a statistically significant result exists in the paper. If there is only one 1-P and one 2-P
result reported, and the 2-P is insignificant, I assigned it to this category, unless there is
evidence of a multicollinearity problem in the 2-P result.

Table A.1 sumimarizes results in short-term mortality studies that included PM, 5. Table A2
summarizes results in short-term morbidity studies (including hospital admissions and
emergency room Vvisits.) Table A.3 summarizes results in studies of associations between
symptoms and short-term PMa s exposures.
In the ratings that appear in these tables the following numbering system is used:

1 = No overall statistically significant association in the study.

2 = Mixed statistical significance among models reported in the study.

3 = Statistically significant associations are the overall pattern in the study.

! Such evidence exists when both the PM and gaseous pollutant would become insignificant in a 2-P
formulation even though both are significant in their respective 1-P formulations.
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Appendix B

Estimation of 98th Percentile Values for PM, s Studies
Cited in these Comments

The 98™ percentile values for individual datasets play a central role in my comments on
numerous PM, s studies. The individual papers reporting PM; s-health associations rarely report
this particular summary statistic for the PM; s data that they used. These values were reported for
fifteen of the studies cited in these comments in a January 28%, 2005 EPA memorandum (Ross
and Langstaff (2005)). The PR commented on the 98" percentile levels of six more studies.
After making a request to EPA, EPA released a supplemental memorandum on April 5, 2006
(Ross and Langstaff (2006)) that provided these data for six more studies. The EPA memos also
report the annual averages for these 21 studies.

For remaining studies covered in my analysis, I estimated the 98™ percentile (“98p™) based on
relationships derived from the relevant twenty-one studies for which the EPA memoranda
specify statistical characteristics. Iapproached this in two ways, depending on the quality of air
quality distributional data provided in the source papers.

If the source paper provided both a mean and standard deviation for their PM; 5 data, then |
estimated its 98" percentile by adding a multiple of the standard deviation to the reported mean.
If the distributions of PM; s were a normal distribution, the multiplier would be 1.96. However,
PM; s data are more skewed. I therefore used the EPA-provided data to determine a reasonable
multiplier to use.! In particular, in six of the studies detailed in the EPA memoranda, the sample
mean (“u”) and standard deviation (“o™) are reported.” [ computed the effective multiplier, Z,
corresponding to those six 98" percentiles, where: Z = (98p — u)/c. This returned values ranging
from 2.37 to 2.96. Thus, for studies not covered by the EPA memorandum and for which
authors provided summary mean and standard deviation statistics, I estimated their 98™
percentile to be equal to: 98p =u + Min Z * ¢, where Min Z is the smallest Z value found
among the data provided by EPA, that is, Min Z =2.37. Irelicd on the smallest Z value to avoid
overstating the 98" percentile. Thave applied this estimation rule to 13 additional studies for
which the authors reported both annual average (mean) and standard deviation statistics for their
PM; 5 data. These studies are noted in the accompanying table.

This left me with six studies in which authors did not report even a sample standard deviation
statistic. All of these studies did report the mean PM; 5, however. For these six, I relied on the
average ratio of the 98" percentile statistic to the mean PM; 5 concentration (ratio = (98p)/u)
from the relevant studies detailed in the EPA Memorandum. The average value over all 21
studies reported by EPA is 2.62. Thus, for these remaining studies lacking standard deviation
statistics, the 98" percentile is estimated to be: 98p =2.62 * u.

' 1 first considered fitting a parametric lognormal to the datapoints provided, but discovered that a lognormal
distribution produces much higher 98™ percentiles than fit the 21 studies reported by EPA.~

% The six studies are:  Schwartz (2003) and Klemm and Mason (2003) for Madison, Topeka, and Boston, Lipfert ef
al. (2000), Mar ef al. (2003), and Peters et al. (2001).
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Tables B.1 through B.3 provide the precise data and calculations used to produce the 98%
percentiles for the total of 37 datasets that I rely on in my comments.
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March 3, 2006

Stephen L. Johnson, Administrator i
United States Environmental Protection Apency
1200 Pennsylvania Avenue, N.W.

Washington, D.C. 20460

RE: Proposed NAAQS for Particulate Matter
Dear Administrator Johnsor:

The Children’s Health Protection Advisory committee
(CHPAC) aporecistes this oonortunity to nravide comments tn van
on the proposed particulate matier standards, As the EPA’s advisoty
panel on children’s environmentat health, we urge you to set the
final National Ambient Air Quality Standards (NAAQS) for fine
and coarse particulate matter at lower levels than proposed on
December 20, 2005, While the proposal to lower the daily PM2.5
standard is a step in the right direction, the proposed standards do
not provide adequate protection for infants and children, In
addition, we urge you to extend coverage of the coarse particulate
matter standard to rural areas, and to continue national monitoring
of coarse particulate matter levels in both urban and rural areas.
Finally, we urge you to reconsider exempting the agricultural and
mining industries from repulation under the coarse particulate
matter standard.

The mandate of the Clean Air Act is to set health-based
standards for air pollutants at levels adequate to protect the public
health, including the health of susceptible populations, with an
adequate margin of safety. These principles have not only held up
over time as the foundation of enormously effective public health
interventions in air quality, they have also been upheld by the
Supreme Court. The proposed standards do not provide an
adequate margin of safety. In our letter of August, 8, 2005, we
documented the many health effects of particulate matter on
children, including exacerbation of asthma, reduced hung function,
increased chronic respiratory symptoms, infant mortality, and
adverse birth outcomes (Schwartz, 2004; AAP, 2004, U.S.EPA,
2005). These effects have been observed in a number of studies at
exposure levels near and below the proposed standards.
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We are especially concemed that it appears the health of children was neither
adequately nor explicitly considered in determining the proposed standards, in particular
with respect to the margin of safety considerations. Children breathe more air per body
weight and per surface area of the lung than adults, are more active outdoors than adults,
and there is likely higher deposition of particulate in the respiratory tract of children than
adults (Phalen et al, 1985). Thus, children receive a higher dose than adults in the same
setting. Furthermore, the respiratory tract is still developing postnatally, and is more
vulnerable to insult than the adult lung. Finally, asthma prevalence and morbidity is
higher in children than adults (Mannino et al., 1998), and asthmatics are especially
susceptible to particulate matter pollution. These factors contribute to the adverse health
effects observed in children at or below the level of the proposed standard. We strongly
support the principle that the nation’s children, who are especially susceptible to the
harmful effects of air pollution, should be protected under the NAAQS.

The CHPAC has the following recommendations regarding the proposed Particulate
Ivaattet INAAUS,

1. Reduce the Proposed Annusl Average Standard for PM2.5
Studies on health effects in children from chronic exposure to PMy 5 grovide

evidence that children are not adequately protected by a standard of 15 pg/m®, A study of
children in Los Angeles demonstrated that long-term exposure to PM, 5 (mean across
communities about 15 pg/m’) was significantly associated with clinically reduced lung
function at age 18 vears (Gauderman et al., 2004), which is likely to be an irreversible
effect. A number of studies of traffic-related pollution have shown associations between
fine particles and adverse respiratory outcomes, including asthma in children who live
near major roadways (van Vliet et al,, 1997; Brunekreef et al., 1997; Kim et al., 2004),
with mean annual average fine particle concentrations near and below 15 pg/m®. The
Harvard 24-cities study (Raizenne et al., 1996) showed effects on children’s lung
function at 2 mean of 14.5 pg/m’.

The EPA based its annual standard for PM3 5 on mortality studies in adults
because of the robust natare of the data. In evaluating studies of the health effects of
chronic exposure to particulate matter, EPA staff use the mean of the measured chronic
exposure levels as the approximate effects level. The mean exposure Jevel across a
number of studies demonstrating health effects in children, including those cited above, is
at or below the level of the proposed annual PM, 5 standard of 15 pg/m®. Thus, the
proposed annual standard does not provide the required adequate margin of safety to
protect infants and children,

2. Reduce the Proposed Short-term Standard for PM2.5 .
The proposed 24-hour average (daily) standard for PMy s of 35 pg/m® (98%

percentile form), which is based on studies in adults, will leave a significant number of
children unprotected fiom short-term effects on respiratory health. Several investigations
demonstrate adverse respiratory health effects in children at daily levels (upper
percentiles) near the proposed short-teim standard, including respiratory hospital
admissions, decreased lung function, asthma exacerbations, and respiratory symptoms
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(Delfino et al, 1997; Tiitianen et al, 1997; Norris et al, 1999; Schwartz and Neas, 2000;
Delfino et al., 2002; Delfino et al., 2004; Lewis et al, 2005; Barnett et al, 2005).
Additional studies have found significant elevations in adverse birth outcomes including
prematurity (Ritz et al., 2000; Sagiv et al, 2005; Wilhelm and Ritz, 2005), low birth
weight or smail-for-gestational age (Ha et al., 2001; Wilhelm and Ritz, 2003, 2005;
Parker et al., 2005) and heart defects (Gilboa et al., 2005), 25 well as elevated risk of
infant mortality (Loomis et al., 1999, Bobak and Leon, 1999; Lipfert et al., 2000; Ha et
al., 2003; WoodmfF et al., 1997, 2006) in association with measures of daily PMjq or
PM, 5. In some studies, the upper percentiles of the distribution of daily PM were close
to or below the proposed daily PM, 5 standard of 35 pg/m® (98" percentile form). We
wrge the Administrator to take into consideration the serious health effects reported in
these studies and revise the daily PM, ; standard downward to protect children’s health,

3. Reduce the Short-term Coarse PM (PM10-2.5) Standard
The Notice of Proposed Rulemaking (] NPRM) proposes a coarse PM (PMig.a.s)

SO 241 average SIANGAIG Ol /U g/ (¥8L0 percentie Iorm). 1S levet does not
provide an adequate margin of safety to protect children. In addition, there is no
justification to exclude children who live in arcas with populations below 100,000 from
protection under the coarse particle standard, or to cease monitoring for coarse particles
in these areas.

Level of the standard

While the studies cited in the NPRM as the basis for the coarse PM standard
looked at morbidity and mortality in adults, the coarse fraction of PM (PM)g.2.5) has been
associated with several respiratory outcomes in children, including significant
associations with asthma hospitalizations (Lin et al., 2002), respiratory hospitalizations
(Lin et al., 2005; Yang et al. 2004; Burnett et al., 2001), cough (Tiittanen et al., 1999;
Schwartz and Neas, 2000; Mar et al., 2004), persistent cough, persistent phlegm and
bronchitis (Zhang et al., 2002). Concentrations of daily mean PMjo.2s in these studies
range from 6 10 59 pg/m’. In some, the upper percentiles of daily PMyy. 5 are well below
the proposed standard of 70pg/m’. A recent review of over 30 studies (many published
prior to 2003) that evaluated both fine and coarse PM notes that, in many studies, coarse
PM is related to respiratory morbidity, including hospital admissions for children, more
strongly or at least as strongly as fine PM (Brunekreef and Forsberg, 2005). The NPRM
notes that deposition of coarse particles is higher in the tracheobronchial region of the
lung, which is a critical target in asthmatics. The proposed standard of 70 pg/m’ does not
adequately take into account the coarse particle studies that have observed serious health
effects in children. ’

Rural versus urban

The NPRM states EPA could not confirm or refute effects of crustal coarse PM
(PM)p25). The EPA’s response to this uncertainty has been to exclude rural areas (areas,
including small cities, with populations less than 100,000), ptesumably under the
assumption that rural PM is dominated by crustal sources, from coverage under the
standard. Exclusion of cities and regions from coverage based on nwnber of residents is
an unprecedented departure from previous practice under the NAAQS program and runs
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counter to the purpose of a national standard. Limiting the PMjo.25 standard to arban
aress is not scientifically supportable and is not in the interests of the health of children
living in small cities and rural areas. It should be noted that wind-blown dusts can
contain toxic elements. For example, arsenic, cadmium, and nickel are in high
concentration in the soil of the Qwens Valley in California, an area with high coarse PM
levels. Crystalline silica, a common constituent of rural dust, is 2 human carcinogen and
can cause silicosis at relatively low levels in occupational settings. Chronic silicosis has
been described after environmental exposures to silica in regions where soil silica content
is high and dust storms are common (ATS, 1997). Thus, there is insufficient data to
reasonably conclude that there is no need to regulate rural PMypa 5.

Exemption of agriculture and mining industries

The EPA has categorically exempted agricultural and mining sources of coarse
PM from the proposed standard. Since under the Clean Air Act, implementation is not to
be considered in setting standards, this exclusion could only be justified if there is no
DEsis (IO i PUDLIV ICuait SEGPOI 10 CONUOL PEIUCULAS HIAUCT CHSSIONS irom these
sources. There is insufficient and unpersuasive scientific evidence to support this action,
nor was it supported by the Clean Air Science Advisory Committee (CASAC) review,

Monitoring of coarse particles

The EPA concluded that there is uncertainty with respect to the risk posed by
rural coarse PM. To the extent that such uncertainty exists, the EPA proposal to decrease
monitoring for coarse particles in rural areas prevents Future scientific studies that would
be able to resolve this uncertainty. We urge the Administrator to require ongoing
monitoring of the coarse PM fraction in rural areas.

Conclusions and Recommendations

The CASAC and the EPA staff paper have both made recommendations that
support more health protective standards than those proposed in the NPRM. The CHPAC
urges you to revise the proposed PM; s daily and annual standards and the PMp.; 5 daily
standard downward to the lower end of the ranges recommended in the EPA staff paper
and by CASAC, to extend coverage of the coarse PM standard to rural children, and to
continue monitoring coarse PM in both rural and urban areas, We thank you in advance

for considering these comments, and would be happy to discuss these comments with you
or your staff.

Sincerely,

.ty ¢ e B 4 !
PRCC A Sy ke '4‘ Z’
A el (O 2R /

) Melanie A. Marty, Ph.D., Chair
Children’s Health Protection Advisory Committes
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Ce:  Williars Wehrum, Designated Assistant Administrator, Office of Air and
Radiation
Steven Page, Office of Air Quality Planning and Standards

Lydia Wegman, Office of Air Quality Planning and Standards
Dr. William Sanders, Interim Director, Office of Children’s Health Protection

and Environmental Education '
Joanne Rodman, Associate Director, Office of Children’s Health Protection

Docket

References

American Acadery of Pediatrics (2004) Policy Statement, Ambient air pollution: health
hazards to children. Pediatrics 114:1699-1707.

ATS, American Thoracic Society Statement. (1997) Chronic silicosis has been described .
whici Suviowusuial CAPISULG W S0k M1 AL WAIELG SUil Silivs CUNEOt is mgu and Uust

storms are common. Am J Resp Crit Care Med 155:761

Barpett AG, Williams GM, Schwartz J, Neller AH, Best TL, Petroeschevsky AL,
Simpson RW. (2005) Air pollution and child respiratory health. A case-crossover study
inAustralia and New Zealand. Am J Resp Crit Care Med 171:1271-1278.

Bobak M, Leon DA. (1999) The effect of air pollution on infamt rortality appears
specific for respiratory causes in the postneonatal period. Epidemiology 10:666-670.

Burnett RT, Smith-Doieon M, Stieb D, Raizenne ME, Brook JR, Dales RE, Leech JA,
Cakmak S, Kreski D. Association between ozone and hospitalization for acute respiratory
diseases in children less than 2 years of age, Am J Epidemiol 153:444-452.

Brunekreef B, Jansen N, de Hartog J, Harssema H, Knape M, van Vliet P, (1997) Air
pollution from wuck traffic and Jung function in ¢hildren living near motorways.
Epidemiology 8:298-303

Brunekreef B, Forsberg B. (2005) Epidemiological evidence of effects of coarse aitborne’
particles on health, Eur Respir J 26:309-318. '

Delfino RJ, Zeiger RS, Sehzer IM, Street DH, Mattencci RM, Anderson PR (1997) The
c;ig';cé 2of fungal spore concentrations on daily asthma severity. Environ Health Perspect
:622-635,

Delfino RJ, Zeiger RS, Seltzer JM, Street DH, McLaren CE (2002) Association of
asthma symptoms with peak particulate air pollution and effect modification by anti-
inflammatory medication use. Environ Health Perspect 110:A607-A617,

Delﬁx.lo RJ, Quintana PJE, Floro J, Gastanaga VM, Samimi BS, Kleinman MT, Liu L-JS,
Bufaline C, Wu C-F, McLaren CE. (2004) Association of FEV, in asthmatic children



168

Administrator Johnson
March 3, 2006
Page 6

with personal and microenvironmental exposure to airborne particulate matter. Environ
Health Perspect 112:932-941.

Giuderman W), Avol E, Gilliland F, Vora H, Thomas D, Berhane K, McConnell R,
Keunzli N, Lurmann F, Rappaport E, Margolis H, Bates D, Peters J. (2004) The effects of
air pollution on lung development from 10 to 18 years of age. NEJM 351:1057-1067.

Gilboa SM, Mendaola P, Olshan AF, Langlois PH, Savitz DA, Loomis D, Herring AH,
Fixler DE. (2005) Relation between ambient air quality and selected birth defects, Seven
County Study, Texas, 1997-2000. Am J Epidemiol 162:238-252.

HaEH, Hong YC, Lee BE, Woo BH, Schwartz J, Christiani DC. (2001) Is air pollution &
rigk factor for low birth weight in Seoul? Epidemiology 12:643-648.

Ha EH, Lee JT, Kim H et al. (2003) Infant susceptibility of mortality 10 air pollution in

Souul, SUUL RUISH, COMAWICS 11 1.204-270

Kim JJ, Smorodinsky 8, Lipsett M, Singer BC, Hodgson AT, Ostro B. (2004). Traffic-
related air pollution near busy roads. The East Bay children’s respiratory health study.
Am J Resp Crit Care Med 170:520-526.

Lewis TC, Robins TG, Dvonch JT, Keeler GJ, Yip FY, Mentz GB, Lin X, Parker EA,
Israel BA, Gonzalez L, Hill Y. (2005) Air pollution-associated changes in lung function
among asthmatic children in Detroit. Environ Health Perspect 113:1068-1075.

LinM, Chen Y, Bumnett RT, Villeneuve PJ, Krewski D. (2002) The influence of ambient
coarse particulate matter on asthma hospitalizations in children: case-crossover and time-
series analyses. Environ Health Perspect 110:575-581,

Lin M, Stieb DM, Chen Y. (2005). Coarse particulate matter and hospitalization for
respiratory infections in children younger than 15 years in Toronto: A case-crossover
analysis. Pediatrics 116:235-240.

Lipfert FW, Zhang J, Wyzga RE. (2000} Infant mortality and air pollution: a
comprehensive analysis of U.S. Data for 1990. J Air Waste Manag Assoc 50:1350-1366.

Loomis D, Castillejos M, Gold DR, McDonnell W, Borja-Aburto VH. (1999) Air
pollution and infant mortality in Mexico City. Epidemiology 10:118-123.

Mmmfno DM, Homa DM, Pertowski CA, Ashizawa A, Nixon LL, Johnson CA (1998)
Surveillance for asthma — United States, 1960-1995. Morb Mortal wkly Rep CDC
Surveill Summ 47:1-27.

Mar TF Larson TV, Stier RA, Claiborn C, Koenig JQ. (2004) An analysis of the
association between respiratory symptoms in subjects with asthma and daily air pollution
in Spokane, Washington. Inhal Toxicol 16:809-815.



169

Administrator Johnson
March 3, 2006
Page 7

Neas LM, Dockery D, Koutrakis P, Tolerud DJ, Speizer F. (1995) The association of
ambient air pollution with twice daily peak expiratory flow rate measurements in
children. Am J Fpidemiol 141: 111-122.

Norris G, Youngpong SN, Koeniq JQ, Larson TV, Ssheppard L. Stout JW. (1999) An
association between fine particles and asthma emergency department visits for children in
Seattle. Enviro Health Perspect 107:489-493.

Parker JD, Woodruff TJ, Basu R, Schoendorf KC. (2005) Air pollution and birth weight
among term infants in California. Pediatrics 115:121-128.

Pekkanen J, Timonen KL, Ruuskanen J, Reponen A, Mirme A. (1997) Effects of ultrafine
and fine particles in urban air on peak expiratory flow among children with asthmatic
symptoms. Environ Res 74:24-33,

Phalen RF, Oldham M1J, Beaucage CB, Crocker TT, Mortepsen JD. (1985) Postnatal
enlargement of human tracheobronchial airways and implications for particle deposition.
Anat Rec 212:368-380,

Raizenne M, Neas LM, Damokosh Al Dockery DW, Spengler JD, Koutrakis P, Ware
JH, Speizer FE, (1996) Health effects of acid acrosols on North American children;
pulmonary function. Environ Health Perspect 104:506-514.

Ritz B, YuF, Chapa G, Fruin S. (2000) Effect of air pollution on preterm birth among
children born in Southern California between 1989 and 1993. Epidemiology 11:502-511.

Sagiv SK, Mendola P, Loomis D, Herring AH, Neas LM, Savitz DA, Poole C, (2005) A
time series analysis of air pollution and preterm birth in Pennsylvania, 1997-2001,
Environ Health Perspect 1 13:602-606.

Schwartz J. (2004) Air pollution and children’s health, Pediatrics 113:1037-1043.

Schwartz J, Neas LM. (2000) Fine particles are more strongly associates than coarse
particles with acute respiratory health effects in schoolchildren. Epidemiology 11:6-10.

Tiittanen P, Timonen K1, Ruuskanen J, Mirme A, Pekkanen J. (1999) Fine particulate
air pollution, resuspended road dust and respiratory health among symptomatic children.
Europ Respir J 13:266-273.

U.S.EPA (2005) Review of the National Ambient Air Quality Standards for Particulate
Matter: Policy Assessments of Scientific and Technical Information, January, 2005.

Vaq Vliet P, Knape M, de Hartog J, Janssen N, Harssema H, Brunekreef B, (1 997} Motor
vehicle exhaust and chronic respiratory symptoms in children living near freeways.
Environ Res 74:122-132,



170

Adsmimistrator Johnson
March 3, 2006
Page 8

Wilhelm M., Ritz, B. (2005) Local variation in CO and particulate air pollution and
adverse birth outcomes in Los Angeles County, California. Environ Health Perspect

113(9):1212-1221.

Wilhelm M, Ritz B. (2003) Residential proximity to traffic and adverse health outcomes
in Los Angeles, California, 1994-1996. Environ Health Perspect 111:207-216.

Woodtoft TJ, Grille J, Schoendorf KC. (1997) The relationship between selected causes
or postneonatal infant mortality and particulate air pollution in the United States. Environ
Health Perspect 105:608-612. .

Woodruff TJ, Parker JD, Schoendorf KC, (2006) Fine particulate thatter (PM2.5) air
pollution and selected causes of posmeonatal infant mortality in California, Environ
Healm Perspect Online 13 January 2006 doi:10.1289/ehp.8484 available at

ul.u HU.A uun Ulg{,

Yang Q, Chen, ¥ Krewski D, Shi Y, Burnett RT, McGrail KM. (2004) Association
between particulate air pollution and first hospital admission for childhood respu‘atory
illness in Vancouver, Canada. Archives Environ Health59;14-21.

Zhang JJ, Hu W, Wei F, Wu G, Kom LR, Chapman RS. (2002) Children’s respiratory
morbidity prevalence in relation to aif pollution in four Chinese cities. Environ Health
Perspect 110:961-967,



171

JONATHAN BORAK & COMPANY, INC.

Speoilisl in Occupational & Irvircameniol Haolih

April 17, 2006

Stephen L. Johnson, Administrator
USEPA Headquarters

Ariel Rios Building

1200 Pennsylvania Avenue NW
Mail Code: 1101A

Washington, DC 20460

William Wehrum, Acting Assistant Administrator
for Air and Radiation Matters

USEPA Headquarters

Ariel Rios Building

1200 Pennsylvania Avenue NW

Mail Code: 6101A

Washington, DC 20460

Re: Proposed Coarse PM NAAQS
(Federal Register 71:2620-2708)

Dear Administrator Johnson and Acting Administrator Wehrum:

I have prepared the following comments at the request of the National Cattlemen’s Beef
Association and the National Mining Association in order to share my concerns about the
scientific basis for the proposed NAAQS for coarse particulate matter (PMio.2.5) that was
recently published in the Federal Register (Fed Reg 71:2620, 01/17/06).

To introduce myself, I have attached a short summary of my experience and
qualifications in medicine, epidemiology, toxicology and occupational health science. 1
am Associate Clinical Professor of Medicine and Epidemiology & Public Health at Yale
University. I teach required graduate courses in both Toxicology and Risk Assessment. I
also served for 10 years as a founding member of EPA’s National Advisory Committee
on Acute Exposure Guideline Levels for Hazardous Substances (NAC/AEGL).

234 Church Siree, Sufle 1400, Mew Haven, CT 06540 Telephone (208) 777-0414 1 Fex £203] 7774411
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This is the third set of comments that | have submitted on this issue. Twice during the
past year, in May and August, I submitted comments to the Clean Air Scientific Advisory
Committee. Then as now, my principal concern is the general lack of scientific support
for a coarse particulate matter standard and the failure of EPA to appropriately address
that deficiency. :

Those limitations were acknowledged in various versions of the Staff Paper (e.g., EPA-
452/R-05-005, June 2005):

“a growing, but still limited, body of evidence on health effects associated with
thoracic coarse particles from studies that use PMyo.2 5 as a measure of thoracic
coarse particles.” (Final Staff Paper: 5-47)

That concern is restated word-for-word in the Proposed Coarse PM NAAQS:

“In developing this rationale, EPA has taken into account the information
available from a growing, but still limited body of evidence on health effects
associated with thoracic coarse particles from studies that use PMjp.2sasa
measure of thoracic coarse patticles.” (Fed Reg 71:2653)

The Preamble also acknowledges that similar concerns were expressed by the CASAC,
which noted:

“.. significant uncertainties resulting from the limited number of studies to date in
which PMq.3 s has been measured and the potentially large exposure
measurement errors in such studies”. (Fed Reg 71:2671) ;

As discussed below, the actual evidence available to support the Proposed Coarse PM
NAAQS is substantially more limited than is acknowledged by EPA. The relative
insufficiency of evidence linking coarse particulates to human health effects is repeatedly
acknowledged in the Proposed Coarse PM NAAQS. For example, consider Section
II1.A, which describes the Evidence of Health Effects Related to Thoracic Coarse Particle
Exposure. In that very important, but relatively short section (it comprises only 10 pages
of the Preamble), EPA reiterates 24 times that the evidence linking coarse particulate to
health effects is either “limited” or “very limited”. By contrast, EPA does not once
describe any of the evidence as “sufficient” or “adequate”.

Despite that apparent recognition of these limitations, however, EPA presents the actual
data from cited studies in a manner that overstates their informational value. More
worrisome is the possibility that the Preamble has been constructed in a manner intended
to obscure the deficiencies and to minimize objections that might be raised about the lack
of scientific justification for the Proposed Coarse PM NAAQS.

1). For example, the Preamble discusses the most important limitations of evidence in a
brief section (Fed Reg 71:2671-2), distanced from the primary presentation of the cited
studies and their data, and relegated mainly to discussion of an “alternative
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interpretation” that is strikingly devoid of specific details. Thus, notwithstanding
repeated statements about data limitations, many readers will fail to appreciate the actual
magnitude of the deficiency of scientific evidence.

a) My concerns are illustrated by the following example. The centerpiece of the
presentation of the Evidence of Health Effects is Figure 2 (page 2656), which
summarizes the “Effect estimates for associations between short term exposure to PM;o.
2.5 and mortality or morbidity health outcomes ...” The legend to Figure 2 states:

“for consistency across studies, effect estimates are from single-pollutant, general
linear models”.

The decision that only data from single-pollutant models would be presented in this
centerpiece graphic is at least curious because the compiled literature provides good
evidence that single-pollutant models overestimate the effects of coarse particulate. The
possibility that such an approach should not be taken, however, is only discussed in the
context of the “alternative interpretation”;

“... an alternative interpretation of the available health evidence presented in the
Criteria Document and the Staff Paper ... suggests that that the results from one-
pollutant PMj¢.2 5 models are confounded by fine particles and gaseous co-
pollutants... Taken as a whole, evidence from PM;q.2 5 epidemiologic studies
could be interpreted to suggest that one-pollutant PMo.2 s models suffer from bias
due to omitting co-pollutants in the statistical model...” (Fed Reg 71: 2671-2)

But even that statement does not reasonably represent the scientific evidence. It implies
that this is solely a matter of “interpretation”, as though reflective of a philosophical
debate. In fact, numerous studies cited in the Proposed Coarse PM NAAQS provide
evidence that single-pollutant models overstate the apparent risks of coarse particulate. 1
am aware of none that proposes the contrary.

For example, consider the Toronto study by Burnett et al. (1), which is cited eight times
in the Preamble. That study found that positive associations noted in a single-pollutant
model “disappeared after adjustment for O3, NO», and SO,” (1). But Figure 2 presents
only the results of a single-pollutant model from that study, thus wrongly indicating a
statistically significant effect of coarse particulate M, Or, consider that use of two-

! More surprising is footnote #52 (p. 2657), which disclaims the analytical findings of the multiple-
pollutant model in Burnett et al. The footnote states that their results “show relatively consistent effects
estimates ... except for the models including NO, and all four gaseous pollutants”. This footnote implies a
preference for relying on an incomplete analysis of a complex dataset, Of greater concern is that EPA has
apparently discounted the authors’ finding that the association “could be completely explained by NO,, a
risk factor not as widely considered in North American locales as the other criteria poliutants” (1). Similar
findings and cautionary advice are found in Thurston et al. (12); significant associations with coarse
particulates “were merely a statistical by-product of inter-pollutant confounding ... This points out the
importance of considering as many pollutants as possible in such analyses, in order to diminish the chances
of being misled...”
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pollutant models including both PM, 5 and PMg-2.5 reduced or eliminated the estimated
effects of coarse particulate in the Six Cities study (2) and in studies of Detroit (3,4), Los
Angeles (5) and eight Canadian cities (6} @,

Iam not alone in pointing to the need to consider multiple-pollutant models in order to
correctly understand the effects of coarse particulate. That approach was stressed by the
Research Committee of the Health Effects Institute in comments on the Detroit study
conducted by Lippmann et al. (3):

“In order to determine the relative effects of several risk factors on a health
outcome, ideally all variables under considerations would be included in a single
model.”

In the apparent pursuit of “consistency”, EPA has selectively presented the least rigorous
of the available evidence, thereby minimizing its informational value. Even for those
studies which provided results from dual- and/or muitiple-pollutant models, EPA has
emphasized single-pollutant analyses while discounting the data from more rigorous
multi-poliutant analyses. In so doing, EPA has systematically overstated the apparent
effects of coarse particulate. '

Had EPA correctly acknowledged that the results of single-pollutant models generally
overestimate the effects of coarse particulate and that most of the cited studies provided
only results of such models, then the even more limited nature of evidence here would
have been readily appreciated.

2). Following is another example of the failure to describe and respond to limitations of
the evidence presented as justification of the Proposed Coarse PM NAAQS.

In the Final PM Staff Paper (EPA-452/R-05-005, June 2005), EPA Staff described a
criterion for deciding whether studies effects data were sufficiently precise to be used in
quantitative estimates of exposure-response relationships. In so doing, Staff correctly
recognized that some studies are better than others (because of their size or presumably
for other reasons) and that studies of lesser quality should not be relied upon as one might
rely on studies of higher quality. In particular, the Staff Paper described a “rough
indicator of ... precision” that was used for this purpose:

“The natural logarithm of the mortality-days (a product of each city’s daily
mortality rate and the number of days for which PM data were available) can be
used as a rough indicator of the degree of precision of effect estimates ... staff

The literature cited by EPA is dominated by studies with analytical models that failed to consider
other pollutants and risk factors. Thus the conclusions of Burneit et al. and Thurston et al. give added
reasons to view the EPA evidence with caution. I do not agrec with the Preamble statement that “effect
estimates for associations between PM, including PMjgz 5, and health endpoints are generally robust to
confounding by gaseous co-pollutants” (Fed Reg 71:2660}.

% These studies are all cited in the Preamble. Results of the Los Angeles and the cight Canadian cities
studies were excluded from Figure 2 because they used GAM, rather than GLM analytical models.
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chose to consider only those urban areas in which studies with relatively greater
precision were conducted, specifically including studies that have a natural log of
mortality-days greater than or equal to 9.0 (i.e., approximately 8,000 deaths) for
total non-accidental mortality.” (SP, p. 4-6)

That approach (both specifically and generally) has been deleted from the Proposed
Coarse PM NAAQS. As aresult, EPA has deleted its Staff’s criterion for objectively
distinguishing between individual studies. 1t is interesting to note that if EPA had
accepted this criterion, then it would have had to acknowledge that results from the
Coachella Valley studies (7-9) and the Six Cities study results from Steubenville (10,11)
had been judged to be of “lesser quality”.

But the Preamble relies on those two studies repeatedly: The Coachella Valley studies are
cited 19 times, while the Steubenville data are cited eight times. At no point does the
Preamble indicate that EPA Staff had objectively determined that both data were too
imprecise to be used for quantitative assessments and thus their conclusion should be
viewed with caution. I am concerned that the failure to indicate those Staff
determinations serves mainly to conceal the limitations of those studies B,

3). A third example of the failure to describe and respond to limitations of the evidence
relates to the adequacy of the exposure assessments that underlie each of the individual
studies. Concerns about the precision and accuracy exposure assessment can not be
separated from concerns about the precision and accuracy of the studies themselves.

a) One aspect of my concern involves the spatial location(s) of monitors used to describe
the exposures of study populations. It is generally accepted that coarse PM (e.g., PMjo.
2.5) deposits more rapidly and more locally than does fine particulate. Likewise, it is
generally accepted that local sources are of greater importance in determining
concentrations of coarse particulate (6). Accordingly, it can be expected that
measurements from centrally located monitors will less accurately represent regional
exposures to coarse particulate than fine particulate (i.c., PMy5). For that reason,
measurements of coarse PM obtained at relatively distant monitoring stations should be
viewed with caution, and so should studies that rely on coarse PM measurements
obtained relatively far from target populations. When such distant measures are used as
the basis for epidemiological studies, efforts should be made to demonstrate that the
distant measures do accurately reflect the exposures of target populations.

For example, in an analysis and comments submitted separately, Gale Hoffnagle
describes marked spatial variation of fugitive coarse PM emitted by ground level sources
such as those characteristic of agricultural and mining activities. His analysis indicates
that even when levels at such sources reach several hundred mg/m3 s corresyonding levels
at a distance of 1000 meters are de minimis (i.e., they approach zero mg/m’). Thus PM

? It is also notable, and perhaps related, that despite a statement in footnote 50 (Fed Reg 71:2655) that two
subsequent reanalyses of the Steubenville data found essentially no significant associations, the Preamble
persists in referring to the original Steubenville data as showing “a statistically significant mortality
association”.
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monitors located at a distance of 1000 meters or more reflect little or no contribution
from such sources.

However, a number of the studies cited in the Preamble depended on coarse PM
measurements from distant monitors and were apparently not accurate predictors of target
population exposures. In the Detroit study by Lippmann et al. (3,4), particulate matter
data were obtained from ambient monitors in Windsor, Ontario, several miles from
central Detroit. The Staff Paper and the Proposed Coarse PM NAAQS document that
levels measured in Windsor were not representative of those in Detroit:

“In recent years, based on available Windsor and Detroit data from 1999 to 2003,
the Windsor monitors used in this study typically have recorded PMq.2 5 levels
that are generally less than half the levels recorded at urban-center Detroit
monitors...” (Staff Paper: 5-68)

Accordingly, on the basis of that exposure concern, the Detroit study must be regarded as
providing only limited informative value.

In the Coachella Valley studies (8,9), particulate measures were obtained in Indio,
approximately 25 miles from older population centered in the Palm Springs area at the
western end of the Valley 1,

b) A second exposure assessment concern is the manner in which coarse particulate
levels are determined. The Preamble notes that PM;o.2 s measurements are prone to
greater exposure errors than are measurements of PM, s (Fed Reg 71:2660). In addition,
PM,q.2.5 levels calculated by the difference method (i.e., subtracting PM; 5 from PM)
can be expected to have larger errors than PMg.; 5 levels directly measured using
dichotomous samplers; the difference method is impacted by two measurement errors,
while the direct measurement method has only one. And when the difference method is
performed using data from monitors that are not physically co-located, additional
exposure assessment errors result because of non-homogeneous spatial distributions of
particulate matter.

Finally, estimation of coarse particulate exposures derived from only PM ¢ measurement
in areas where measured PM levels are “dominated” by coarse particulate are by far the
most uncertain and least accurate. Because of such uncertainty, the findings of
epidemiological studies that rely on those exposure assessments should be viewed as the
least informative, analogous to ecological studies that are suitable for generating, but not
testing hypotheses.

* The population of the Indio area, which is on the Northern rim of the Valley, differs from that of many of
the other Valley communities. For example, according to the 2000 Census, 15.2% of the population was in
the 45-64 year age group and 9.1% were over 65 years. By contrast, the corresponding proportions were
26.4% and 26.2% for Palm Springs, 30% and 43% for Ranch Mirage and 26.3% and 27.6% for Palm
Desert. Those cities, with significantly older populations more prone to cardiorespiratory diseases, are
located approximately 10-25 miles away toward the Western end of the Valley,
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Consider the effect of categorizing the studies cited in the Preamble on the basis of their
exposure assessments.

a) The highest quality PMo.2 5 exposure assessments are those in studies that
employed dichotomous samplers.

Dichotomous particulate samplers were used in two Toronto studies (1,12) that

considered hospital admissions and two reports from the Harvard Six Cities study,

one considering mortality effects (10,11) and other peak flow and asthma in

children (2). All four of those studies found no significant effects associated with
. exposure to PMo.s.

b) Second tier studies calculated PMo.2 5 by the difference method, subtracting
PM, 5 from levels of PM;o. Among the co-location studies cited in the Proposed
Coarse PM NAAQS, most suffered important data limitations or deficiencies.

No association of respiratory symptoms and childhood asthma were found for
coarse particulate calculated by the difference method in Uniontown and State
College (2). There were only marginal associations (0.05<p<0.10) between
coarse particulate calculated by the difference method and mortality in the
Phoenix study (13,14). The Detroit study found small positive associations for
coarse particulate but as discussed above, particulate data were obtained miles
from the study population and were significantly inaccurate (3,4). The HEI
Health Review Committee conciuded that data from the Detroit study were
inconclusive:

“...the data do not clearly support a greater effect of one pollutant over
another, nor do they establish which pollutants are most likely to cause
adverse health effects...” (3) (HEI Synopsis)

The Coachella Valley study (8,9) reported positive associations with mortality
and the Seattle study (15,16) reported positive associations with hospital
admissions for asthma in non-elderly patients. But both studies suffered from
large data gaps that were filled by imputation and arbitrary calculations; in both
studies, exposure data were missing for 75% or more of the PM; 5 values and,
therefore, they were also missing for coarse particulate exposure measures B,

® In the Coachella Valley study, PM,; data were available for a 10-year period, but PM,; 5 data for only 2.5
years. The missing PM, 5 and PM,q, s were imputed using a predictive function that estimated PMg.,5 as a
cubic function of PMyq. The predictive function was such a poor fit for PM, 5 data that the authors
concluded that “predictive models could not be successfully estimated” (9). Accordingly, the calculated
values, which represented 75% of the PM,q., 5 data, can not be viewed as reliable.

The extent of missing data in the Seattle study is no less extreme. The authors observed:
“Numerous missing PM measurements potentially limit our analysis” (15). For the three monitoring
stations considered, no PM; 5 data were available for 72-100% of days. The authors “imputed” the missing
data. The imputation methods were not described, but the authors indicate that six different imputation
methods were used and the results of those six methods were averaged. In addition, the “exposure” data
were then “weighted” to favor residential areas, but no justification for that arbitrary weighting scheme was
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¢) The lowest tier studies measured only PM, in areas thought to be dominated
by coarse particulate and thereby inferred associations with coarse particulate.
The lowest tier studies included “positive™ studies in Anchorage (17,18,18), Reno
(19), Tucson (20), and the Coachella Valley (7). Each also suffered from
additional methodological concerns.

In Anchorage (17,18), the health effects were measured in terms of outpatient
visits, not episodes of illness, and included events likely to be primarily infectious
(e.g., “sore throat, ear aches”). Repeated visits by the same individual (e.g.,
emergency visits and follow-up office visits) would result in temporal dependence
among outcomes that would effectively underestimate variance and overestimate
the significance of associations, perhaps leading to inappropriate rejection of the
null hypothesis of no effect of particulate exposures. In addition, outcome
measures were not associated with the highest levels of exposure, only with lesser
exposure levels.

The Reno study (19) provided no evidence that PM;g was dominated by coarse
particulate. However, two facts suggest that PM;q was dominated by fine
particulate, not coarse particulate. First, PMjg levels were inversely related to
wind speeds, suggesting that those levels reflected not wind-blown crustal
particulate, but decreased dispersion of suspended fine particulate. Also, the
authors noted that:

“Higher peaks occurred during the winter season. This may be as a result
of increased residential combustion due to cold weather in the study area.”

(19

If the authors are correct, then those peaks would have represented fine, not
coarse particulate. Accordingly, the relevance of the Reno study to coarse
particulate exposures is uncertain at best.

The Tucson study, which evaluated cardiovascular hospitalizations, used data
from a monitoring station that was “located in a neighborhood site likely to be
representative of population exposure”, rather than at a site that would have been
“subject to windblown dust” (20). Therefore, it is likely that the Tucson PM;
exposure data derived from samples that were actually dominated by fine
particulate. Unfortunately, there were no PM; s data are available to validate the
underlying assumptions of this exposure assessment.

provided. Thus, the “exposure data” in this study were mainly synthetic, rather than empirical, and had
been transformed in ways that can not be understood and have not been justified. It is difficult to regard
this as a valid observational study.
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The Coachella study (7) utilized PM¢ data from monitors located in Indio, 25
miles from the major population center around Palm Springs, where on average
PM;p levels were 21% greater than in Indio. Given the higher population and
vehicular density in Palm Springs, it seems likely that the higher levels reported
during the study period in Palm Springs reflected mainly fine combustion
particulate, rather than windblown crust.

By means of such a categorization scheme, it can be seen that most of the evidence in
support of the Proposed Coarse PM NAAQS is derived from studies with the lowest
quality of exposure assessments, while those with highest quality exposure assessments
lend no support.

If EPA had used such a ‘quality of exposure assessment’ approach to prioritize the
evidence available 1, it would have been apparent that support for the Proposed Coarse
PM NAAQS is mainly found in the least robust studies. Thus, such an approach would
have further emphasized the limitations of supporting evidence.

4). In summary, EPA has systematically presented the results of cited studies in a manner
that overstates the evidence linking coarse particulate and health effects.

Data from inferior single-poliutant models have been presented in the centerpiece
graphic of the Preamble, while more rigorous analytical results have been
relegated to afterthoughts and footnotes.

Studies that EPA Staff deemed to be of inferior quality have been presented as
supportive without appropriate qualification.

No apparent effort has been made to distinguish high~quality from lesser-quality
studies with respect to the adequacy of their exposure assessments.

One might infer that failure to distinguish between strong and weak studies is motivated
by the wish to avoid the exclusion of those positive findings that derive mainly from
weaker studies.

5) The Preamble also misleads by its repeated statements that effects associated with
coarse PM exposure were not affected by confounding by gaseous co-pollutants:

“effect estimates ...are generally robust to confounding by gaseous co-pollutants”
(Fed Reg 71:2660);

“associations ... were largely unchanged in most cases when gaseous co-
pollutants were included in the models” (Fed Reg 71:2657);

S EPA has utilized such an approach for other risk assessments, such as in evaluating evidence of the
carcinogenicity of trichloroethylene (e.g., “We divided the cohort studies into three tiers based on the
specificity of the exposure information” (25)).
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“effect estimates ... are largely unchanged with the addition of gaseous co-
pollutants to the models” (Fed Reg 71:2657).

But whether confounding is demonstrated depends on whether the correct co-pollutants
have been included in the analytical model. Burnett et al. (1), for example, emphasized
this concern: the apparent effects of particulates “could be completely explained by NO;,
a risk factor not as widely considered in North American locales as the other criteria
pollutants.” Similar conclusions were reached by Thurston et al. (12). Accordingly, the
appropriate concern is not whether the effects of particulates are “generally robust”, but
whether potentially significant confounding has been properly evaluated. Such
evaluations should consider “as many pollutants as possible” (12).

EPA has apparently not performed such evaluations. Instead, the Preamble relies on
studies that incompletely evaluated possible confounding as evidence that such
confounding is insignificant. However, the evidence provided by more rigorous studies
indicates that confounding by gaseous co-pollutants can not be disregarded.

6) The limitations of the underlying evidence and the failure of EPA to adequately
address and respond to those limitations are illustrated in the manner in which the
Preamble argues that PMq.2 5 is significantly associated with asthma. As described
below, that argument is composed of hypothetical propositions and incorrect descriptions
of cited studies.

a) The Preambile first proposes that because PMjo; s might deposit in the
tracheobronchial region, therefore it has the potential to aggravate asthma at the levels of
exposure considered in the NAAQS. Following are examples of that proposition:

“Deposition of particles to the tracheobronchial region is of particular concern
with respect to aggravation of asthma” (Fed Reg 71:2654);

“...has the potential to affect lung function and aggravate symptoms, particularly
in asthmatics” (Fed Reg 71:2655);

“The fractional deposition of elevated coarse particle concentrations is significant
in the tracheobronchial region, which is particularly sensitive in asthmatic
individuals.” (Fed Reg 71:2661);

“... the expectation that deposition of thoracic coarse particles in the respiratory
system could aggravate effects in individuals with asthma” (Fed Reg 71:2668).

The hypothesis (or expectation) that PM .5 s might aggravate asthma is not necessarily
wrongheaded, but its repeated assertion provides neither support nor evidence that such a
“potential” effect actually occurs.
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b) The Preamble sometimes treats asthma (or “aggravation of asthma™) as a distinct
disease process, but more generally treats it as merely one of a number of more-or-less
generic respiratory diseases.

The following statements, for example, suggest that EPA regards “asthma” as a distinct
entity:

“Evidence available in the last review suggested that aggravation of asthma ...”
(Fed Reg 71:2656);

“...limited epidemiologic evidence suggesting that aggravation of asthma...” (Fed
Reg 71:2668);

“The authors conclude that for acute asthma related responses...” (Fed Reg
71:2657).

In most places, however, the Preamble does not differentiate between asthma and a
variety of acute respiratory diseases (e.g., respiratory infections, pneumonia) and chronic
respiratory diseases (e.g., COPD). This is reflected by the following statements:

“... respiratory morbidity effects, such as aggravation of asthma, increases in
respiratory symptoms and respiratory infections...” (Fed Reg 71:2655);

“...associations between short-term exposure to PMjg.2.s with hospital admissions
for respiratory diseases, including asthma, pneumonia and COPD...” (Fed Reg
71:2657);

“...respiratory morbidity, such as increased respiratory symptoms and
hospitalization for respiratory diseases such as asthma or COPD...” (Fed Reg
71:2661).

I suspect that the failure to distinguish asthma from those other acute and chronic
diseases mainly reflects the paucity of published data specifically linking PM¢.2.5 and
asthma.

c) The striking paucity of evidence linking PMjo.2 5 and asthma is made clear by the very
few studies cited to support that association. Moreover, most of the cited studies provide
less support than is implied in the Preamble.

The Preamble cites two studies [}, Hefflin et al. from southeast Washington and Gordian
et al. from Anchorage, in which;

7 The Preamble actually cites “the last review” - 62 FR 38679 - in which these two studies were specifically
identified.
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“...aggravation of asthma and respiratory infections and symptoms were
associated with PM;, in areas where thoracic coarse particulate were a much
greater fraction of PMo than were fine particles” (Fed Reg 71:2657).

But, contrary to statements in the Preamble, Hefflin et al. (21) found no association
between high-level exposure to PM;¢ and aggravation of asthma, even at 24-hour PMo
levels of 1035-1689 pg/m’. To the contrary, those authors report:

“... it is surprising that we not only found no significant association between PMyo
and asthma, but we found relatively few emergency room admissions for asthma
in a community that would be expected to have 4800 persons with asthma.” (21)

The Gordian studies (17) suffer from potentially important flaws that limit its
informational value. As discussed above, health effects were measured as doctors’ visits,
not episodes of iliness, which may have led to overestimating the significance of
associations. In addition, associations were noted for asthma and upper respiratory
infections (URI) with a temporal relationship suggesting that onset of URI preceded the
onset of asthma attacks 1. Also, visits were not increased during the peak exposure days,
when PMg levels averaged 565 pg/m’ and peak levels exceeded 3000 pg/m’.

Notably, URI itself has been associated with asthma attacks in asthmatic children (22)
and lower airway effects in normal children (23). Because of the apparent cause-and-
effect relationship between URI and asthma attacks generally and the apparent
correlation between URI and asthma visits in the Gordian study, it is not possible to
determine whether those asthma visits reflected PM,g exposure vs. URI. In short, it is not
possible to determine the extent to which the Gordian data might reflect the adverse
effects of PMjo.

The Preamble also states that three “new US and Canadian epidemiologic studies”
reported associations between short-term exposures to PM)q. 5 with hospital admissions
for “respiratory diseases, including asthma” (Fed Reg 71:2657). The three cited studies
are from Toronto, Detroit and Seattle. However, the Preamble statement is incorrect and
misleading.

The Toronto study by Burnett et al. (1) did not find such an association. A multi-
pollutant analysis found that any apparent association “was eliminated”, with a
relative risk of 1.007. It would be improper (and, perhaps, absurd) if EPA
regarded relative risks of 1.007 as indicative of meaningful associations.

® Doctors’ visits for URI were most closely associated with same-day PM;, levels, while asthma visits were
most closely associated with prior day PM,, levels. That suggests that URI preceded asthmatic symptoms,
My personal experience (as an internist, emergency physician, parent and patient) is that visits for acute
asthmatic attacks are more likely to occur shortly after the onset of symptoms, whereas URI visits occur
after a longer delay, when symptoms and signs seem unusually persistent or severe, Thus, it seems likely
that the onset of URI actually preceded asthma by several days.
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The cited Detroit study (16) was not a “new study”, but a reanalysis of data from
the older Lippmann et al. study (3). As discussed above, the Detroit study relied
on particulate levels measured miles away in Windsor, Ontario and the HEI
Health Review Committee concluded that data from the Detroit study were
inconclusive.

Likewise, the Seattle study (16) was not a “new study”, but a reanalysis of
Sheppard et al (15). As discussed above, exposure data were so lacking that 75%
of coarse particulate data were “imputed”. Also, the authors noted that wood
burning was a “major contributor to PM”, that vehicular exhaust was the second
largest source of PM, and that the pollutant most closely associated with asthma
was carbon monoxide, “an important environmental indicator of incomplete
combustion, particularly from mobile sources” (15).

Given the lack of measured coarse particulate data and the evidence that
combustion-related fine particulate was an important pollutant in Seattle, there is
essentially no basis to conclude that coarse PM in Seattle caused asthma-related
hospitalizations.

The Preamble also mischaracterizes the findings of Schwartz and Neas (2) with respect to
asthma. The Preamble states:

“The authors conclude that for acute asthma related responses as well as daily
mortality, fine particles are a stronger predictor of health response than are
thoracic coarse particles.” (Fed Reg 71:2657)

That statement implies that in addition to the large association seen with fine particles,
Schwartz and Neas also found an association between coarse particles and asthma. That
is not correct, as reflected by the authors’ actual statements:

“For lower respiratory symptoms, the association was stronger for all of the fine-
particle measures than for CM [coarse particle mass] in single pollutant
regressions. A model including both CM and PM; s resulted in a substantial
reduction in the effect of CM, with little evidence that the remaining effect was
different from zero.” (4)

EPA has incorrectly presented these negative findings as though Schwartz and Neas
provided support for the Proposed Coarse PM NAAQS.

It is surprising to realize that the above studies reflect the totality of epidemiological data
cited in the Preamble as support for the proposition that PM.2 s aggravates asthma.
These studies provide no such support, either individually or as a group.

d) There are other relevant studies that have been ignored in the Preamble discussion of
asthma, perhaps because their findings showed no association of coarse particulate and
asthma. Consider, for example, the three-year study by Rabinovitch et al. (24) that
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specifically considered the effects of wintertime air pollutants on urban minority children
at “highest risk for asthma morbidity”. The children were students at a special school,
operated at the National Jewish Hospital in Denver, which specifically enrolled children
with chronic diseases including asthma. The school was located in a community where
PM) is dominated by coarse particulate; during the study period, coarse particulate on
average comprised 61.2% of PM;o.

For two years, exposure data (including PM;o and PM; 5) were obtained from EPA
monitors located 100 meters from the school. During the third year, particulate data were
obtained from a community monitoring station located 2.8 miles from the school.
Children were monitored for asthma symptoms, asthma exacerbations, twice-daily FEV;
and peak flows, use of asthma medications, and URI events. School activities were not
modified in response to pollution alerts “so as not to bias any potential pollution effects”.

Associations between air pollutants and asthma outcomes were found in simple models,
but not in complex modeling that included all pollutants and time-dependent covariates
such as URI events. Using the more complex model, no significant associations were
observed between pulmonary function and PM;o. Asthma symptoms were significantly
associated with ozone levels, but not PMq and no significant associations were noted
between asthma exacerbations and PMyq. By contrast, URI symptoms were strongly
associated with decreased pulmonary function, increased medication usage, asthma
symptoms, and asthma exacerbations.

These findings suggest that exposure to coarse particulate does not provoke asthma
symptoms, does not adversely impact pulmonary function and does not induce asthma
attacks. The strong associations seen between URI, pulmonary function and asthma lend
support to the view that the results of the Gordian studies reflect URI events, rather than
coarse particulate exposures.

¢) In summary, it should be clear from the very few, very limited, and uncertain studies
cited in the Preamble that there is no sound basis for concluding that coarse particulates
aggravate asthma or provokes asthma symptoms, even at exposure levels considerably
higher than those considered in the Proposed Coarse PM NAAQS. EPA arguments in
favor of that association are composed of hypothetical propositions and incorrect or
incomplete descriptions of the cited studies.

Conclusion

There is significant paucity of scientific support for the Proposed Coarse PM NAAQS
and the scientific studies cited by EPA in support of the NAAQS suffer from significant
methodological limitations.

Although EPA repeatedly acknowledges that the database suffers such limitations, it
persists in presenting the accumulated data as sufficient to justify the Proposed NAAQS.
But in addition to those acknowledged by the Agency, a detailed review of the cited
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studies reveals numerous deficiencies that EPA has either not recognized or chosen to
ignore.

Unlike many other EPA risk assessments that thoughtfully sorted strong from weak
studies, emphasizing evidence from the former and discounting that from the latter, EPA
in this case seems unwilling to discard any “finding” that might somehow be construed as
supporting its NAAQS. That leads to important inadequacies in the justification and
support of its proposed policy.

The majority of findings presented as supporting evidence derive from the
methodologically weakest studies, while the methodologically most robust studies yield
essentially no support. EPA relies on the least rigorous of analytical approaches (e.g.,
single pollutant models vs. multi-poliutant models), minimizes or ignores potential
confounding (e.g., URI events inducing asthma attacks, gaseous co-pollutants) and, as
discussed above, by misrepresenting study findings.

A detailed, balanced reading of the evidence indicates no basis to justify regulating of
PMig.2 5, only arguments and hypotheses that mainly reflect biological plausibility rather
than empirical findings. The general lack of evidence persists even at exposure levels
substantially higher than those considered health relevant in the Proposed Coarse PM
NAAQS.

I find insufficient scientific justification for the adoption of the Proposed Coarse PM
NAAQS. .

Yours truly,

Jonathan Borak, MD, DABT, FACP, FACOEM
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The Honorable James M. Inhofe, Chairman

Senate Committee on Environment and Public Works
410 Senate Dirksen Office Building

Washington D.C. 20510

July 17, 2006
Dear Senator Inhofe:

We are pleased that you have convened a hearing to shed additional lght on the scientific
basis for revising the particulate matier standards. As researchers who have studied the
health impacts of coarse particles (PM;g.25) in California’s Coachella Valley, a desert
resort area including Palm Springs, we wished to offer a few comments on the toxicity of
coarse particles.

First, from a toxicological standpoint, there is extensive evidence that coarse particles
elicit greater inflammatory responses in the lung in experimental settings than fine
particles. Some of this inflammation 13 due to endotoxin, a chemical of microbial origin
that is found in soils everywhere, and some is due to other constituents, including metals.
Lung inflammation is considered one of the important mechanisms of particle toxicity.

Second, multiple studies examining effects of both fine and coarse particles on
respiratory hospitalizations in the U.S. and Canada indicate a coarse particle effect as
strong or stronger than that observed for fine particles.

Third, epidemiological studies of changes in daily mortality in relation to fluctuations in
outdoor particle levels show associations with both fine and coarse particles. In most
areas, the fine particle effect is stronger: however, in arid regions such as the Coachella
Valley (a nonurban area), the associations tend to be greater for coarse particles.

Fourth, epidemiological studies have shown associations of coarse particles with
cardiovascular hospitalizations (Detroit, Toronto) and cardiac deaths {Phoenix, Coachella
Valley, and Mexico City).

Finally, there are few studics examining comparative effects of urban versus nonurban
coarse particles. However, the data that do exist indicate that nonurban particles have the
potential to cause adverse health effects among humans, including effects on heart
function and cardiovascular mortality (see attached article). While there appear to be no
published toxicology data on urban versus nonurban particies in the U.S., some recent
research in Europe found that rural coarse particles were at least as pro-inflammatory as
urban coarse particles, and both types of coarse particles were more toxic than urban fine
particles. While there arc relatively few studies on the health impacts of nonurban coarse
particles, the limited published evidence indivates that these particles are not innocuous
and may cause significant adverse effects on human health,
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The Honorable James M. Inhofe
July 17, 2006

Nonurban particles are nof just inert dust, but contain metals and harmful mierobial
products {including endotoxin), as well as other contaminants deposited from human
activities, such as burning crop residues, applying pesticides and herbicides, and driving
tens of thousands of vehicles/day on major highways through otherwise rural areas.
Endotoxin, which is ubiquitous in rural sotls, 1s associated with worsening of asthma as
well as lung inflammation. In looking at the big picture, there is no compelling scientific
justification for excluding nonurban particles from the scope of a national air quality
standard intended to protect human health.

The opinions in this letter are our own and do not represent the official views of any of
the institutions we are affiliated with, specifically the California Environmental
Protection Agency (Cal/EPA) and the University of California, San Francisco. However,
one of the enclosed attachments consists of the Cal/EPA comments submitted to the US
EPA regarding the latter’s proposed Particulate Matter National Ambient Air Quality
Standards. We hope that our letier and the enclosures are useful in your review.

Sincerely,

Bart Ostro, PhD, Chicf
Air Pollution Epidemiology Section,
Califoria Office of Environmental Health Hazard Assessiment

Al . ‘)& .
/MM‘*J Ly 1)
Michael Lipsett, MD

Associate Clintcal Professor
School of Medicine
University of California, San Francisco

Cc: The Honorable James M. Jeffords, Ranking Member
Senate Committee on Environment and Public Works
456 Dirksen Senate Office Building
Washington, D.C. 201510

The Honorable George V. Voinovich, Chairman

Senate Committes on Enviromment and Public Works
Subcommittee on Clean Air, Climate Change and Nuclear Safety
524 Hart Senate Office Building

Washington, D.C. 20510

The Honorable Barbara Boxer, Member

Senate Committee on Environment and Public Works
112 Hart Senate Gffice Building

Washington, D.C. 20510

The Honorable Thomas R. Carper, Ranking Member
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The Honorable James M. Inhofe
July 17, 2006

Senate Committee on Environment and Public Works
Subcommittee on Clean Air, Climate Change and Nuclear Safety
513 Hart Senate Office Building

Washington, D.C. 20510
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Aprit 13, 2006

The Honorable Stephen L. Johnson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania, Avenue, NW
Washington, DC 20460

Re: EPA Docket ID No. OAR-2001-0017
Dear Mr. Johnson:

‘We understand that the United States Environmental Protection Agency (US EPA) may
reject the fine particle standard that was recc ded by the independent Clean Air Act
Scientific Advisory Committee and USEPA staff scientists, opting instead only to slightly
lower the standard to levels which may not protect the health of our citizens, We are
writing to urge yon to recousider this proposal, and to sec to it that EPA will adopt the
more rigorous standard recornmended by scientific and health experts to protect the
public.

Particle pollution is both dangerous and pervasive, posing a serious and costly public
health problem. Particle pollution causes asthma atiacks, heart attacks, strokes, and lung
cancer and cuts short the lives of tens of thousands of Americans every year. California
suffers from some of the worst particle pollution in the nation.

Strong national standards are crucial to fighting this proven killer. Since particle
pollution can travel long distances from its source, states cannot solve this problem on
their own.

The Clean Air Act requires that air quality standards be based solely on the health effects
of air poltutants. Under the Clean Air Act, air quality standards must be set at levels that
protect public health, including the health of sensitive populations, with an adequate
margin of safety. The current proposal, which largely maintains the status quo for fine
particle pollution, is inadequate to protect public health. EPA's own analysis shows that
the proposed fine particle standards will leave millions of Americans unprotected.

=
Printed on Recycied Fapor



192

US EPA should issue strong final standards for fine particle pollution that protect public
health and comply with the law. The administration should adopt an annual standard no
higher than 12 micrograms per cubic meter and a daily standard no higher than 25
moicrograms per cubic meter when it finalizes the standards in September.

In addition, US EPA should issue standards and monitoring requirements for coarse
particle pollution that protect all Americans, The administration’s proposal to eliminate
pollution monitoring in small and mid-sized communities and fo categorically exempt
agriculture and mining from control requirements is unprecedented and unjustified.

We would appreciate a response to this request. Thank you very much for your
consideration.

Sincerely,
ranGZ M
Assembly Member Fran Pafley enator Sheila James Kuehl

41" Assembly District 23™ Senate District
California State Assembly California State Senate
Chair, Legislative Environmental Cauycus Co-Chair, Legislative Environmental

Caucus
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April 15, 2006

The Honorable Stephen Johnson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460

Re: National Ambient Air Quality Standards for Particulate Matter

71 Fed. Reg. 2620; Docket 1D No. EPA-HQ-OAR-2001-0017; and Proposed
Monitoring Requirements for Coarse Particles 71 Fed. Reg. 2710; Docket ID No.
EPA-HQ-OAR-2004-0018

Dear Administrator Johnson:

We are writing to express our grave concern that the proposed revisions to the National
Ambient Air Quality Standards for fine and coarse particulate matter (PM) are
insufficient to protect public health and welfare as required by the Clean Air Act.

Under the Clean Air Act, primary standards must protect public health, including the
health of sensitive populations, with an adequate margin of safety. Secondary standards
must protect public welfare, including important adverse effects such as visibility
impairment and damage to materials and crops. The proposed standards fail on both
counts.

The adverse health effects of particulate matter are serious and have been well
documented in EPA’s Criteria Document and Staff Paper. The thousands of studies
published over the last nine years make a much stronger case for the regulation of fine
particles than in 1997, and indicate that the current standards must be lowered to protect
public health.

Community health studies have consistently demonstrated associations between daily
increases in fine particles and decreased lung function, exacerbation of asthma, more
frequent emergency department visits, increased risk of heart attacks and strokes,
additional hospital admissions, and increased number of daily deaths.

These effects have been demonstrated in cities where the daily concentrations of PM; s
are well below the current standard and rarely reach the level of the proposed 24-hour
standard. Furthermore, the form of the proposed standard excludes too many of the most
polluted days from compliance determinations.

Long term exposures to fine particles are implicated in premature death from heart
disease, lung disease, and lung cancer. Lives may be shortened by one to three years,
EPA’s risk assessment demonstrates that thousands of premature deaths attributable to
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particulate air pollution are occurring each year under the current standard, and that the
proposed standards would do little to reduce this toll.

Building on earlier work, the largest ever epidemiological study of the effects of PM;5in
204 U.S. counties was published in the Journal of the American Medical Association in
March 2006.' This study showed clearly that the proposed standards for PM; s fail to
protect public health as required by the Clean Air Act. In this study, the average of the
countgf mean annual values was 13.4 ug/m3-—well below the proposed standard of 15
pg/m’. At levels below what EPA proposes as an annual standard, the findings showed
cardiovascular and respiratory hospital admissions for the elderly increasing as
concentrations PM, s increased. Significant associations with excess cardiac and
respiratory admissions persisted even after excluding all days above 35 pg/m’ (the level
of the proposed daily standard) from the study.” Even where PM, s concentrations met
both the proposed annual and 24-hour standards, serious health effects occurred.

Furthermore, a follow-up to the Harvard Six Cities Study published in March 2006
documented the life-saving benefits from reduced particulate levels. That study found
that an average of three percent fewer people died for every reduction of one pug/m” in the
annual average levels of PM, 5.’

According to EPA’s Children’s Health Protection Advisory Committee, the proposed
annual PM, s standard does not provide the required adequate margin of safety to protect
infants and children. The Committee concluded that the 4proposed daily PM; s standard
must also be revised downward to protect public health.

The Clean Air Scientific Advisory Committee to the EPA has indicated that PM, 5 causes
adverse health effects including premature death at annual concentrations below the
current standard, and has reiterated its recommendations for lowering the annual
standard.’

Coarse particles are associated with increased hospitalization for respiratory infections in
children, decreased lung function, increased hospital admissions for heart disease,
increased hospital admissions for respiratory disease in the elderly and increased risk of

! Dominici F, Peng RD, Bell ML, Pham L, McDermott A, Zeger SL, Samet JM. Fine Particulate Air
Pollution and Hospital Admission for Cardiovascular and Respiratory Discases. JAMA 2006; 10:1127-
1134,

% Letter from Francesca Dominici to U.S. EPA, March 23, 2006. Docket ID No. EPA-HQ-OAR-2001-0017-
0988.

? 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; 173:
667-672.

* Letter from Melanie A. Marty, Ph.D., Chair, EPA Children’s Health Protection Advisory Committee, to
Stephen L. Johnson, Administrator, U.S. Environmental Protection Agency, RE: Proposed NAAQS for
Particulate Matter, March 3, 2006,

*Dr. Rogene Henderson, Chair, Clean Air Scientific Advisory Committee letter to Stephen L. Johnson,
Administrator, U.S. Environmental Protection Agency, March 21, 2006, Subject: Clean Air Scientific
Advisory Committee Recommendations Concerning the Proposed National Ambient Air Quality Standards
for Particulate Matter, EPA-CASAC-LTR-06-002,



195

premature death. EPA proposes a daily coarse particle standard that would be higher
than levels where serious health effects have been reported in the studies EPA reviewed.
EPA would enforce the standard only in urban areas with populations above 100,000, and
exempt mining and agricultural sources of particles. EPA must set a coarse particle
standard that applies nationally and without exemptions, to protect the health of all
Americans as the Clean Air Act requires. Furthermore, EPA must not revoke the PM;q
standard in any area of the country without providing protection against backsliding.

The Children’s Health Protection Advisory Committee has recommended that the level of
the coarse particle standard be lowered, that standards apply nationwide, with monitoring
in both urban and rural areas, and that the exemption for agriculture and mining be
withdrawn. The Clean Air Scientific Advisory Committee has also opposed exempting
specific industries and recommended establishment of a national coarse particle
monitoring program in urban and rural areas.

Our organizations strongly support lowering both the annual average and the 24-hour fine
particle standard, while tightening the way compliance with the standards is measured.
We urge you to adopt protective coarse particle standards that will apply nationwide, with
monitoring in both urban and rural areas. We oppose the special exemptions for
agribusiness and mining.

In addition, we believe that EPA must establish secondary standards for fine particles that
protect against deterioration of visibility caused by fine particle pollution, as
recommended by the Clean Air Scientific Advisory Committee, and set secondary
standards for coarse particles that apply nationwide to protect against the ecosystem
damage and visibility degradation they cause.

Specifically, we favor:

e an annual average PM, s standard of 12 ug/m’ or below, with elimination of the
spatial averaging loophole;
a 24-hour PMs s standard of 25 ug/m®, 99™ percentile;
a 24-hour PMq.2 5 standard of 25-30 pg/m®, 99" percentile, to apply nationally.

¢ Application of the course particle standard across the country, with monitoring in
rural areas and elimination of the special exemption for the mining and agriculture
industries;

e aPM,ssecondary standard of 20 ug/m’ or below, based upon a rolting 4-hour
average; and

¢ asecondary standard for coarse PM that protects ecosystems and scenic vistas
across the country.

The decision over the air quality standards for fine and coarse particulate matter is the
most far-reaching environmental health decision you will make this year. We urge you to
strengthen the proposed standards, consistent with the law and the science.

Sincerely,
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National Organizations

Center for Science in the Public Interest
Clean Air Task Force

Clean Air Watch

Clear the Air

Environmental Integrity Project

Friends of the Earth

Greenpeace USA

Izaak Walton League of America

League of Conservation Voters

League of Women Voters of the United States
National Audubon Society

National Environmental Trust

Public Citizen

Science and Environmental Health Network
Sierra Club

Union of Concerned Scientists

Unitarian Universalist Ministry for Earth

U.S. PIRG

Women’s International League for Peace and Freedom

Regional, State, and Local Organizations

Alabama
Alabama Environmental Council

Alaska
Alaska Community Action on Toxics

Arizona
Arizona Public Interest Research Group
Grand Canyon Trust

California

Bay Area Clean Air Task Force

Bluewater Network

Center on Race, Poverty & the Environment
Coalition for Clean Air

Environment California

Fresno Metro Ministry

Global Community Monitor

Latino Issues Forum

Literacy for Environmental Justice

Long Beach Alliance for Children with Asthma
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Our Children’s Earth Foundation

Pacific Institute

Planning and Conservation League

Regional Asthma Management and Prevention (RAMP) Initiative, Oakland
Relational Culture Institute, Fresno

Steven and Michele Kirsch Foundation

The Regeneration Project/Interfaith Power & Light Campaign
Transportation Solutions Defense and Education Fund (TRANSDEF)
West Oakland Environmental Indicators Project

Colorado
Environment Colorado
Rocky Mountain Clean Air Action

Connecticut
Connecticut Coalition for Environmental Justice
Connecticut Public Interest Research Group

Florida

Big Bend Climate Action Team

Florida League of Conservation Voters
Florida Public Interest Research Group
Legal Environmental Assistance Foundation

Georgia

Georgia Conservancy

Georgia Public Interest Research Group
Mothers and Others for Clean Air, Atlanta

Hlinois

American Bottom Conservancy

Citizens Against Ruining the Environment - CAR.E.
Hlinois Public Interest Research Group

Lake County Audubon Society

Lake County Conservation Alliance

Mobile C.A.R.E. Foundation, Chicago

Stand Up/Save Lives Campaign

Indiana

Airaware

Indiana Public Interest Research Group
Valley Watch, Inc.

lowa
Iowa Environmental Council
Iowa Public Interest Research Group
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Kentucky
Kentucky Resources Council, Inc.

Louisiana
Alliance for Affordable Energy

Maine

Environment Maine

Friends of Acadia

Maine Breast Cancer Coalition
Maine Cardiovascular Health Council
Maine Public Health Association
Natural Resources Council of Maine
The Chewonki Foundation

Maryland
Chesapeake Bay Foundation
Maryland Public Interest Research Group

Massachusetts

Environmental League of Massachusetts
HealthLink

Massachusetts Public Interest Research Group
New England Clean Water Action
Sciencecorps

Michigan

HEAT - Hamtramck Environmental Action Team

Lone Tree Council

Michigan Coalition on the Environment and Jewish Life
Michigan Environmental Council

Michigan Interfaith Power & Light

Michigan League of Conservation Voters

Public Interest Research Group in Michigan

Mississippi
Environmental Coalition of Mississippi
Mississippi 2020 Network Inc.

Missouri
Health & Environmental Justice
Missouri Public Interest Research Group

Minnesota
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Minnesota Center for Environmental Advocacy
Minnesotans for an Energy-Efficient Economy (ME3)

Montana
Montana Environmental Information Center
Montana Public Interest Research Group

New Hampshire

Aurum Foundation

C.L.E.A.R. Citizens Leading for Environmental Action and Responsibility

Citizens for a Sludge Free Land

Environmental Stewardship Committee of the ABC of Vermont and New Hampshire
New Hampshire Citizens for Sustainable Population

New Hampshire Global Warming Campaign

New Hampshire Pediatric Society

New Hampshire Public Interest Research Group

New Jersey
U.S. Environmental Watch, Elizabeth
New Jersey Public Interest Research Group

New Mexico
New Mexico Public Interest Research Group

New York

Atlantic States Legal Foundation, Inc.

Hudson River Sloop Clearwater, Inc.

Kids Against Pollution

New York Public Interest Research Group
Sustainable Energy Alliance of Long Island

West Harlem Environmental Action, Inc. (WE ACT)

North Carolina

Appalachian Voices

Blue Ridge Environmental Defense League
Clean Air Community Trust

Carolinas Clean Air Coalition

Environment North Carolina

North Carolina Conservation Network
Southern Alliance for Clean Energy
Southern Appalachian Biodiversity Project
Southern Environmental Law Center

Ohio
Environmental Health Watch
Green Environme ntal Coalition
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Ohio Environmental Council

Ohio League of Conservation Voters
Ohio Public Interest Research Group
Western Lake Erie Waterkeeper

Oregon

Better Breathers Club, Medford

Northwest Environmental Advocates
Oregon Public Interest Research Group
Oregon State Public Interest Research Group
Rogue Valley Citizens for Clean Air

Pennsylvania

Army for a Clean Environment, Inc.

Center for the Celebration of Creation

Citizen Power

Citizens for Pennsylvania’s Future

Clean Air Council, Philadelphia

Ecology Mission Group of Central Baptist Church
Group Against Smog and Pollution, Pittsburgh
PennEnvironment

Women’s Health and Environmental Network

Rhode island
Rhode Island Public Interest Research Group

South Dakota
Defenders of the Black Hills

Texas

Galveston-Houston Association for Smog Prevention {(GHASP)
Environment Texas

Mothers for Clean Air, Houston

Utah

Great Salt Lake Keeper

Sevier Citizens for Clean Air and Water
Utah County Clean Air Coalition

Utah Population and Environment Coalition
Wasatch Clean Air Coalition

Vermont

Vermont Public Interest Research Group

Virginia

Greater Roanoke Valley Asthma and Air Quality Coalition
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Piedmont Environmental Council

Washington
Washington Environmental Council
Washington Public Interest Research Group

Wisconsin

Clean Air Madison

Clean Wisconsin

Wisconsin Public Interest Research Group

Wyoming

Biodiversity Conservation Alliance
Western Watersheds Project
Wyoming Outdoor Council
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Anited States Denate

WASHINGTON, DC 20610
April 7. 2006
The Honorable Conrad Burns The Honorable Byron Dorgan
Subcommittee on Interior and Related Agencies  Subcommittee on Interior and Related Agencies
Committee on Appropriations Committee on Appropriations
United States Senate United States Senate
Washington. D.C. 20510 Washingion. D.C. 20510

Dear Chairman Burns and Ranking Member Dorgan:

We respectfully request $220.3 miilion in Fiscal Year 2007 for the State and Local Air Quality
Management Program — which is the amount appropriated in FY2006. The President’s FY2007 budget
reduces funding for this important program by $35.1 million.

Established by the Clean Air Act, the State and Local Air Quality Management Program provides
federal financial assistance in the form of grants to the 50 states. 4 territories, and approximately 60
local agencies to operate their air pollution control programs. The grants provide the resources to
states and localities to perform bhasic air pollution control activities like monitoring air quality.
developing and planning controb options, permitting and inspecting sources. enforcing laws and
regulations, and cducating the public.

In particular, this grant funding helps support state and local air quality management efforts 1o
implement the National Ambient Air Quality Standards. As you may know. the Environmental
Protection Agency (EPA) has designated 495 counties across the nation as in nonattainment for the
particulate matter and ozone air quality standards. Under the Clean Air Act. states must submit State
Implementation Plans by 2007 and 2008 detailing how these areas will meet the standards by specified

deadlines.  Additionally. EPA has promuigated numerous other regulations that impose additional
duties on state and local officials.

The President’s FY2007 budget includes $183.2 million for the state and local grant program ~ which
is a reduction of 16 percent or $35.1 million from the FY2006 appropriated level. This entails
reductions of $15.6 million from the Section 105 air grants program and $2.5 million from regional
planning organizations. Additionally, funding for the fine particulate monitoring program is cut by
$17 million, with the remainder shifted from Section 103 authority to Section 105. This shift will
require states and localities to provide matching funds.
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Letter to Senators Burns and Dorgan

State and Local Air Quality Management Program
April 7. 2006

Page 2

Thank you for your consideration of this matter. We urge you to restore the funding for this importam
program to 5220.3 million for FY2007 and not shift funds for monitoring from Section 103 authority
to Section 105. Funding for this vital program should not be decreased at a time when the workload
required of states and localities is increasing.

Sincerely.
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Letter to Senators Bums and Dorgan
State and Local Air Quality Management Program
April 7, 2006




205

NAnited States Senate

WASHINGTON, DC 20510

April 28, 2006

The Honorable Conrad Burns The Honorable Byron Dorgan

Subcommittee on Interior and Related Agencies  Subcommittee on Interior and Related Agencics
Committee on Appropriations Comumittee on Appropriations

United States Senate United States Senate

Washington, D.C. 20510 Washington, D.C. 20510

Dear Chairman Burns and Ranking Member Dorgan:
We are writing to join our colleagues who sent you the attached letter on the State and Local Air
Quality Management Program. Funding for this vital program should not be decreased at a time when

the workload required of states and localities is increasing.

We urge you to restore the funding for this important program to $220.3 million for Fiscal Year 2007.

Sincerely,
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