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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 I 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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• 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. 

• 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. 

• 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 Jersey, 
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, 
PM2.5 ambient air, have been reduced. 

Studies have shown that the risk assessment for PM2.5 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 PM2.5; 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 
who said this is just not squaring with the scientific work I have 
done. 

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 PM2.5 
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-



14 

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-
ards, 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. GRAY. 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. GRAY. 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. GRAY. 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. GRAY. 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. GRAY. 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 PM10 to PM2.5, and now 
consideration of a PM10–2.5 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 PM2.5 annual standard at 15 
micrograms per cubic meter. With reluctance, I concurred scientif-
ically with the setting of a PM10–2.5 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 PM10 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 PM10 standard set in 1987, PM2.5 in 1997, and now 
consideration of this new PM10–2.5 standard. 

So the current review focused on the PM2.5 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 PM2.5 
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 
PM2.5 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 PM2.5 standard was set. 

This has greatly reduced scientific uncertainty associated with 
the mechanisms by which PM has such severe effects on human 
health. 

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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 
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. SMITH. 
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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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5, 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-
pounds that is PM2.5, 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 



35 

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. 



36 

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 PM2.5 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 PM2.5 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 SO2. SO2 when 
added into the analysis causes the PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 
PM2.5 only consider PM2.5. 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 PM2.5 
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 PM2.5 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 PM2.5 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 PM2.5 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, SO2, NOX, and carbon mon-
oxide. The same thing is going on in the chronic studies for SO2. 

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 SO2 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 SO2 and NOX. 
Senator VOINOVICH. Well, has anybody done an analysis at the 

table? Dr. Thurston, you have been around a long time. You have 
testified 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 SO2 and 
the HEI reanalysis. SO2, 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 SO2 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 SO2 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 SO2 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-
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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 PM2.5 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 1950? 
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 
PM2.5 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 
House 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 
scientific 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 PM2.5 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 PM2.5 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 PM2.5 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, i.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 PM2.5 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 PM2.5 
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, 
emission 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 PM2.5 
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 PM2.5 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 
health 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 
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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 
from 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’’): 

• Science progress we have made since 1997, 
• The most recent findings on the relationships between different levels of ambi-

ent PM and health effects (so-called ‘‘concentration-response’’), and 
• Keyscience needs going forward. 

PROGRESS SINCE 1997 

Since Congress identified the need for substantial enhanced research on PM in 
the wake of the 1997 PM2.5 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: 
• 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. 

• 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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• 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.’’ 

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 HEI’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 
HEI’s Review Committee agreed that these alternative analyses did not change the 
original findings of associations between PM and premature mortality, although 
there 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.’’ 

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 PM2.5 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.’’ 

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. 



58 

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: 

• Conduct comprehensive, multi-city analyses of PM components and health 
• Combine and compare epidemiology and toxicology across the country, and 
• 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 u/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 

• The scientific basis for policy decisions on setting the PM2.5 National Ambient 
Air Quality Standard remain highly uncertain. 

• The continued use of the PM2.5 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. 

• The scientific database provides a basis for the Administrator making policy 
choices for a PM2.5 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. 

• The scientific database for policy decisions on setting a PM10-2.5 NAAQS is very 
weak and highly uncertain. A science-based decision, as contrasted with a judicial 
decision, would be to continue with a PM10 NAAQS. 

• There are major uncertainties in risks associated with exposure to ambient 
PM2.5 at current levels and the benefits of reducing PM2.5. 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. 

• Expert elicitations of opinions on PM2.5 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 
Committees 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 PM2.5), (b) an 
averaging time (such as 24 hours or annual), (c) a numerical level (such as 65 m3 
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for PM2.5 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, SO2, NO2, 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 PM2.5 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 PM2.5 annual standard at 15 m3 with 
additional constraints on the use of spatial averaging, and (c) use of a PM10-2.5 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 PM10-2.5 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 PM10-2.5 indicator with a 24-hour averaging time concentration level set 
a 70 m3 with a 98th percentile form. The scientific basis for the proposed PM10-2.5 
standard is very weak and uncertain. I would have personally preferred to see the 
PM10 standard continued to provide public health protection from particulate matter 
mass in the PM10-2.5 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 (TSP). 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 PM10. The choice 
of PM10 was heavily influenced by a decision in the international community to use 
a PM10 metric rather than a PM15 metric. The United States followed suit. Much 
of the epidemiological evidence for setting a PM10 NAAQS was based on extrapo-
lations from epidemiological studies using the TSP monitoring data. The PM10 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 PM10 indicator the regulatory compliance monitoring 
shifted from TSP to PM10. Unfortunately, ambient air monitoring of PM15, PM2.5 
and PM10 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 PM2.5 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 PM10 and PM2.5. Other analyses were 
published based on an American Cancer Society cohort taking advantage of frag-
mentary PM2.5 ambient monitoring data. Other investigations conducted using the 
PM10 ambient monitoring data were extrapolated to a PM2.5 indicator. These data 
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provided the basis for promulgating a PM2.5 NAAQS in 1997. The PM2.5 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 PM2.5 mass measurements without regard to chemical composition. Because a 
PM10 mass NAAQS was still in place measurements of PM10 mass, not characterized 
as to chemical composition, continued. Using the difference between the PM10 mass 
measurements and PM2.5 mass measurements, it was possible to estimate PM10-2.5 
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 SO2 
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 PM10 mass and PM2.5 
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 PM2.5 indicator. The focus on PM2.5 
was not based on any careful scientific analysis that led to the conclusion that PM2.5 
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 PM10 mass, PM2.5 mass and to a lesser 
extent PM sulfate and to an even lesser extent, PM10-2.5. I will be so bold as to say 
the focus on PM2.5 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 PM2.5 and PM10-2.5, 
these metrics will continue to be evaluated in future epidemiological studies. Be-
cause of the substantial and continuing improvements in air quality, including 
PM2.5, PM10 and PM10-2.5, 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, SO2, NO2 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 PM2.5 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 PM2.5 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 PM2.5 using whatever PM2.5 moni-
toring data are available for the specific cohort. Thus, for the studies initiated in 
1979, this may be PM2.5 measurements made in 1979-1983. Recall that in the 1980s, 
there was a move to regulate PM10 measurements of PM2.5 were discontinued and 
not re-instituted until after the PM2.5 NAAQS was promulgated in 1997. The PM2.5 
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 PM2.5. The small size 
of the PM2.5 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 PM2.5 concentrations in the United States. The substantial uncer-
tainty in the applicability of the PM2.5 exposure-health response coefficients at cur-
rent ambient concentrations requires caution in calculating either PM2.5 associated 
risks or the benefits of any reductions in PM2.5 concentrations. 

EXPERT ADVICE ELICITATION 

In an attempt to better characterize the uncertainties in PM2.5-associated health 
risks and, conversely, the benefits in reductions in PM2.5, 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 PM2.5 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 
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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 PM2.5 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 
PM2.5 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 PM2.5 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 PM2.5 exposure and the benefits of 
reductions in PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 standard were lowered and the Annual PM2.5 
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.5 
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 PM2.5 concentrations for contemporary 
PM2.5 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 PM2.5 concentration’’ This question assumes that there 
is a linear relationship between changes in PM2.5 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 PM2.5 levels 
and, thus, an absence of a linear exposure-response relationship at low levels of 
PM2.5. Interestingly, this includes results from SouthernCalifornia and Stuebenville, 
OH, areas in which PM2.5 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 PM2.5. 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5. 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5, (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 PM2.5 
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 PM2.5 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 PM2.5 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 PM2.5 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.5 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 (PM2.5) since EPA first turned to the task of identifying an 
appropriate National Ambient Air Quality Standard (NAAQS) for PM2.5 over 10 
years ago. I testified to this same committee in 1997 on the nature of the scientific 
evidence underlying the PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 NAAQS, which were submitted into the PM2.5 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 PM2.5 
that are relevant for making a decision on the standard are: 

• EPA and the courts recognize that the PM2.5 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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1 See, for example, the Proposed Rule, p. 2622 (i.e., 71 FR 2622). 
2 71 FR 2648. 
3 71 FR 2640. 
4 71 FR 2640. 

• 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 PM2.5 (which are addressed by the 
annual average limit) and short-term (‘‘acute’’) exposures (which are addressed by 
the 24-hour average limit). 

• 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 
same studies that EPA has relied on imply even lower quantitative risk estimates 
for PM2.5. 

• Looking more broadly beyond quantitative risk estimates, the many additional 
studies of PM2.5 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 PM2.5 may not be the culprit pollutant, and that there may be no caus-
al relationship at all between PM2.5 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 PM2.5 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 PM2.5 NAAQS cannot be set at a level that cor-
responds to zero risk.1 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: 

‘‘[I]n 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 PM2.5 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 PM2.5 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: 

• For acute risks in Los Angeles, in 1997 EPA estimated that 1.7 percent of mor-
tality would continue to be attributable to PM2.5 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 
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5 This was the paper by Schwartz, Dockery, and Neas (1996) on acute risks in six U.S. cities. 
6 That is, EPA’s risk estimate for San Jose is based on a 1-pollutant regression that associated 

mortality with PM2.5 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 
PM2.5 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 PM2.5). 

is a fairly large chance that this particular estimate suggests that there is really 
no PM2.5 effect at all). 

• For acute risks in Philadelphia, in 1997 EPA estimated that 1.5 percent of mor-
tality would continue to be attributable to PM2.5 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 PM2.5 did not appear to ex-
plain the mortality risk as well as ozone, and the residual risk for PM2.5 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. 

• 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 PM2.5 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 PM2.5 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 PM2.5 reported in the San Jose study.6 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. 
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Table 1 also reports that the PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 with health effects, and seeks to identify a level of PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 studies as the principal basis for 
selecting the level of the annual standard.’’ 7 

I will next discuss how the evidence in the long-term exposure studies of PM2.5 
has weakened since 1997, thus removing any necessity to tighten the annual stand-
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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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 SO2 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 SO2 in the models. 
[T]he reanalysis found that PM2.5, sulfates, and SO2 were each associated with mor-
tality in single-pollutant models. However, in two-pollutant models with SO2 and 
PM2.5, the relative risk for PM2.5 was substantially smaller and no longer statis-
tically significant, whereas the effect estimates for SO2 were not sensitive to inclu-
sion of PM2.5 or sulfates in two-pollutant models. In this view, the ACS-based risk 
estimates are more robust for SO2 than for PM2.5 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 PM2.5 and SO2 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.’’ 9 

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 PM2.5 effect instead might be attributable to the gaseous 
pollutant SO2, and re-affirms a troubling finding that PM2.5 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 PM2.5 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 
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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 PM2.5 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 PM2.5 
risks is further weakened. 
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EPA also refers to the perplexing finding that level of education determines 
whether or not there is a PM2.5 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 PM2.5, 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 PM2.5 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 PM2.5 risks, 
estimates of the effect of PM2.5 are biased. The PM2.5 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 PM2.5. 

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 PM2.5 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. 

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 

CASAC’s 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 PM2.5 
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 
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13 The other multi-city PM2.5 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. 

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 PM2.5 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 PM2.5 
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 
PM2.5 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 PM2.5, 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 PM2.5 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 
PM2.5 from one day to the next. The city may simply have a large number of very 
clean days that pull the annual average PM2.5 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.12 

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 PM2.5 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 PM2.5 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. 
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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 PM2.5 and PM10-2.5 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 PM2.5 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.15 Peak levels of PM2.5 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 PM2.5 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 PM2.5 levels and the 
other method considers whether deaths tend to fluctuate with the previous day’s 
PM2.5 levels. The same-day estimate finds the positive association that this study 
is known for, but the estimate based on PM2.5 on just the previous day is actually 
in the negative direction. Complete reversal of evidence of a PM2.5 mortality effect 
by considering PM2.5 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 PM2.5 levels of 13.5 m3. There are 10 estimates of PM2.5 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 PM2.5 data to explain acute mortality risks 
in Phoenix. One of the other studies found that PM2.5 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 PM2.5’s appar-
ent ability to explain changes in daily mortality disappeared.17 That threshold ap-
peared to be above 20 m3. If there is a threshold, then the rationale for a linkage 
between annual average PM2.5 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 PM2.5 effect would remain if pollutants such as CO, SO2, ozone, 
or NO2 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 PM2.5 health effects reveals that 
PM2.5 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 PM2.5 HAS ALSO WEAKENED SINCE 
1997. 

In 1997, there existed only one study that had used actual measurements of PM2.5 
and estimated whether daily numbers of deaths might be associated with day-to- 
day variations in the PM2.5. 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 PM2.5 and acute mortality were found in three of the four cities with the highest 
98th percentile PM2.5 levels, which ranged from 42 m3 to 44 m3. The city with the 
highest PM2.5 98th percentile (which was 82 mG53) did not produce a statistically 
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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 PM2.5 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, SO2, 
ozone, and NO2. (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 PM2.5 might be simply playing a proxy role 
for a gaseous pollutant also present in the air in these cities. 

As new acute PM2.5 studies were performed after 1997, a number of these studies 
did strive to explore the respective roles of PM2.5 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 ‘‘1-pollutant’’ method that only allows a single 
pollutant (e.g., PM2.5 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 PM2.5 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 PM2.5 health effects studies cited in the Criteria Document (in-
cluding both mortality and morbidity effects studies) that had reported results of 
any estimates for PM2.5 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 PM2.5. Of these 10, 8 saw PM2.5 lose its abil-
ity to explain mortality risk when studied using a 2-pollutant method. (In the other 
two studies, both the PM2.5 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 PM2.5 and gaseous pollutant would lose their explanatory power. What I 
found instead was that in seven of the eight studies where PM2.5 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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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. 

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’’ PM2.5 health effects studies that EPA could select for 
its risk analysis present a highly uncertain picture of whether PM2.5 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 PM2.5 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 PM2.5 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.18 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 PM2.5 mortality studies. I found another eight such acute studies of United 
States or Canadian mortality cited in the Criteria Document, that used actual meas-
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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. 

urements of PM2.5, 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 PM2.5 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 PM2.5 levels, and that increasingly mixed evidence 
is found in studies with progressively lower PM2.5 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 PM2.5 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 PM2.5 effects for a majority of the methods of estimation that they 
reported. Of these: 

• 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. 

• 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 PM2.5 peaks.20 

• The third is the Boston data from the Harvard Six Cities study that served as 
the basis for the current PM2.5 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. 
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In conclusion, the evidence regarding a causal relationship between short-term ex-
posures to PM2.5 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 PM2.5. 

But even setting aside the weaknesses in the statistical evidence, EPA’s evidence- 
based approach for where to set a 24-hour standard for PM2.5 leads us right back 
to the very data set on which the current PM2.5 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-



81 

21 For documentation of these calculations, see Smith (2003). 

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 PM2.5 NAAQS, such as the Staff Paper. 
I believe that such methods could be very useful, and would reveal better the true 
extent 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: 

• 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. 

• 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.21 

These probability estimates were based solely on actual estimates in the new body 
of literature on PM2.5 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 PM2.5 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-
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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 PM2.5 standards 
were ‘‘requisite’’ to protect the public health with an adequate margin of safety, as 
required by the Clean Air Act.1 ( ‘‘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 I 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 
PM2.5 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 PM2.5. 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 
PM2.5 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 
PM2.5 standards: 

With respect to short-term exposure mortality and morbidity . . . [c]omparing 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.4 

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.5 

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 
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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.6 

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 PM2.5 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 PM2.5 exposure extend below 15 m3, sup-
porting a reduction in the annual PM2.5 standard at this time.7 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 will be 
simultaneously accounted for when estimating the quantitative amount of risk that 
is associated with PM2.5. For example, one can estimate a PM2.5 risk level with or 
without also including the humidity level. PM2.5 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 PM2.5 could 
serve as a ‘‘proxy’’ for the missing humidity information, and this could bias the 
level of risk estimated for PM2.5 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 PM2.5 effect, and not all of the 
relevant health stressors are known. Thus, researchers tend to try different methods 
for incorporating non-PM2.5 determinants of health, and each different method re-
sults in a different PM2.5 risk estimate. 

Sometimes two seemingly comparable methods produce dramatically different re-
sults. For example, the study of PM2.5 risk in Santa Clara County, CA by Fairley 
(2003) reports results of two estimates that differ in one single way: in one case, 
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mortality risk one a particular day was compared to PM2.5 levels on the same day, 
and in the second, mortality risk on each day was compared to PM2.5 levels that 
occurred the day before.8 The first of these finds a positive and statistically signifi-
cant association between rises in PM2.5 and mortality risk. The second finds the op-
posite: a negative association (i.e., mortality risk tended to be lower if PM2.5 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 
PM2.5. 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 PM2.5 (at least, in studies that report PM2.5 risk estimates). If 
any other pollutant has an association with mortality risks, then PM2.5 will be the 
only pollutant that could adopt its explanatory power and it will do so if PM2.5 is 
statistically correlated with the missing pollutant. As a result, the PM2.5 risk esti-
mate will be biased, and may appear falsely to be statistically significant. In a 
multi-pollutant statistical estimation procedure, PM2.5 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 PM2.5, are less likely to be biased. 

I attempted to identify all of the PM2.5 health effects studies cited in the Criteria 
Document (including both mortality and morbidity effects studies) that had reported 
results of any estimates for PM2.5 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 PM2.5. Of these 10, 8 found 
that PM2.5 lost its ability to explain mortality risk when studied using a 2-pollutant 
method. (In the other two studies, both the PM2.5 and gaseous pollutant retained 
statistical explanatory power.) This suggests a reasonable concern that PM2.5 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 PM2.5 risk estimates are not statis-
tically significant if estimated in a two-pollutant model: Los Angeles and Philadel-
phia.9, 10 In both cases, the authors concluded that a different pollutant had more 
explanatory power than PM2.5, yet EPA has used only the obviously biased estimate 
of PM2.5 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 (i.e., 
for Santa Clara County/San Jose, Philadelphia, and Los Angeles). Problems with the 
remaining 5 cities risk estimates also deserve mention: 

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

• For Phoenix, there are 2 other papers by other authors that use the same PM2.5 
data set.13 One of the other papers finds no PM2.5 association at all (but does find 
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a coarse fraction association).14 The third paper reports a PM2.5 association only 
above a threshold. EPA’s risk assessment does not include such a threshold.15 

• 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 PM2.5 
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 PM2.5 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 PM2.5 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 PM2.5 
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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 and PM10-2.5 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. 
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• 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 levels and the 
other method considers whether deaths tend to fluctuate with the previous day’s 
PM2.5 levels. The same-day estimate finds the positive association that this study 
is known for, but the estimate based on PM2.5 on just the previous day is actually 
in the negative direction. Complete reversal of evidence of a PM2.5 mortality effect 
by considering PM2.5 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).23 This study considered acute risks in Phoenix, AZ, with an-
nual average PM2.5 levels of 13.5 m3. There are ten estimates of PM2.5 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.5 data to explain acute mor-
tality risks in Phoenix. One of the other studies found that PM2.5 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 
PM2.5’s apparent ability to explain changes in daily mortality disappeared.25 That 
threshold appeared to be above 20 m3. If there is a threshold, then the rationale 
for a linkage between annual average PM2.5 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 PM2.5 effect would remain if pollutants such as CO, SO2, ozone, 
or NO2 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 PM2.5 health effects reveals that 
PM2.5 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 
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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.1 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 
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2 Monte 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. 

3 Recent 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. 

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.3 Some 
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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. 

5 Relative 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-2.5 National Ambient 
Air Quality Standards (Washington, DC, 2006), 3-21. 

6 In 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. 

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 toxicity4 of components of particulate matter, an emerging area of re-
search that has the potential to influence EPA’s regulatory decisions in the future.5 
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.6 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 final particulate matter analysis, which it says will present benefits on a na-
tional scale. 
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7 Because 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. 

8 EPA 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. 

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.7 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,8 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-
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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 
monitoring 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 PM2.5 
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 PM2.5 standard, and that there is, therefore, a 
public health imperative to reduce the fine particle (PM2.5) 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 PM2.5 standard was last set in 1997, more than 100 new 
published studies, taken together, collectively confirm the relationship between 
PM2.5 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 
PM2.5 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 PM2.5 standard was set. 

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 PM2.5 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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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 PM2.5 exposure extend below 15 ug/m3, supporting a reduction in the 
annual PM2.5 standard at this time, consistent with the advice of the EPA’s Clean 
Air Scientific Advisory Committee (Henderson, 2006). 

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 PMPM2.5 standard should now be reduced below 15 ug/m3, 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 PM2.5 mortality effect (some 
1 percent per ug/m3 PM2.5) that is roughly two thirds higher than given by the Pope 
et al. (2002) study. This further indicates that 

lowering the long-term PM2.5 standard below 15 ug/m3 would yield significant 
public health benefits when implemented across the United States. 
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