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Honorable Wwilliam D. Ruckelshaus -
Administrator
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401 M St. SW
Waghington, D.C. 20460

Dear Mr. Ruckelshausz:

The Clean Air Scienzific Advisory Commithee (CASAC) of
the Science Advisory Beard has completad its assessmant of
raggarch needed to support the development of National Ambient
Alr Quality Standards (NAAQS). The Commit4ee reviewed the
existing data base for four of the criteria pollutants==
carbon monoxide, nitrogen oxides, particulate matter and
sulfur oxides--as a means of addressing. you: reguest of
September 1 that the Agency and the Commit%tes work to improve
research planning efforts geared to fulfilling regulatery
information reguirements.

The Committee has approvached the igsue of research needs
assessment with several key aSEumpticns and perspectives in
mind. These include: "

e the enforcement of amb;ent air quality standards ‘imposes
large compliance costs upon private industry; in additien, the
Clean Air Act reguires that you set the standards at a level
that protects public health with an adegquate margin of safety.

It is8 therafore imperative that such. standards be based upon

a scientific data base that identifies and resolves the

eritical issues of public health and welfare for decision-
makers. The Committee feels compelled to point out o vou,

the Qffice of Management of Budget (OMB) and to the Congress

that large gaps exist in our understanding of these pollutants
which have already resulted and will continue to result in
extended controversy regarding the appropriate level of control
of criteria pollutanta. Given the magnitude of the compliance
costs and the importance of public heal*h protection, the Eba
research pregram for ambient pollutants can only be characterized
a3 an underfunded series of efforts to support the Agency'’'s
mission for setting NAAQS. Simply stated, the research program
does not meet decision-makers' current information needs. The
Committee has attampted to define regearch prierities, ineluding
epidemiology and perscnal exposure agsessment, to assist you

in the development of scientiflic data bases for standard setting.
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¢ it is the responsibility of the Environmental Protection
Agency (EPA) to conduct or sponhsor regearch to resolve critical
research guestions related to 2etting ambient air standards,
It is a fallacy to assume that othar agencies of the rFederal
government will carry out research, such as epidemiology, that
will systematically address EPA’'s direct information needs for
setting specific standards. I+ is also clear that the Congresgs
has recognized this need for such information and the important
link between ragsearch and regulatory decisgion-making by its
authorization of EPA's ambient air research program.

# historically, many EPA and OME Program managers have
viewed the szhort«term technical assesszsment and the longer
term components of EPA research as pursuing incompatible or
unrelated objectives, In reality, both elements can szerve
to support the Agency's fundamental mission in the ambient
standards program: to identify, assess and abate the risk
posed by ambient air pollutants to the public health ang
welfare. Viewed in this context, the gstrategic mission of
the ambient air research Program, in both the current fiszecal
vyear as well as ever a longer time frame, is to develop and
advance the technical basis for risk assessment.

The enclosed report is the first of a series of periodicg
CASAC reviews that will addregs research needs for the develop-
ment of ambient air guality standards, In this particular
review emphasis has been placed on identifying research most
directly related to the development of the primary health-
based standards. Due to tinme constraints much less attention
has been placed on the many important research issues asso-
ciated with atmespheric Processes and welfare effects. These
issues will continue to be of concern to CASAC and will be
reviewed in a future report.

The benefits of this CASAC review process include providing
advice to insure that orderly and adeguate progress is being
made in the raesearch program directed by the Office of Research
and Development (ORD) and Providing guidance for your adjust-
ment, as necessary, of the research Planning process and the
statement of resgearch geals to take into account any new
information or changing regulatory requirements. It iz also
the Committee’s understanding from GORD program managers that
future air guality criteria documents will include a regearch
needs assessment that will be reviewed by CASAC as part of
the criteria document. The Committee gees a major advantage
in this approach becausa the document will include guidance
on regearch needs at the same time there is the most thorough
review of the scientific data base apa the strongest focus on
regulatory information requirements.
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The Committge is pleased to regpond to your reguest for
advice on criteria pollutant research needs as a way to ensure
that the setting of NAAQS is basad upon the best possible

scientific evidonce.

I would be pleased to brief You on the

content of CASAC's conalusions and recommendations contained
in the encloged report. ~

BEnclosure

cCc: Mr.
Mr.
MT.
Dr.
Mr.
Dr.

Alvin Alm

Joseph Cannon
David Gibboans
Bernard Goldstein
Fred Khedouri
Terry P. Yosie
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Singerely,

Maorton Lippma
Clean Air Scientifice
Advisory Committee
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NOTICE

This report has been written as part of the activities
of the Environmental Protection Agency's Congressionally
established Science Advisory Board, a publiec group providing
advice on s¢ientific issues, The Board is structured to
provide a balanced, independent, expert assessment of scientific
matters it reviews, and hence, the contents of this report deo
not necessarily represent the views and policies of the
Environmental Protection Agency nor of other agencies in the
Executive Branch of the Federal government,
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I. EXECUTIVE SUMMARY

This is the first of a series of reports by the Clean Air
Scientific Advisory Committee (CASAC) of the Sc¢ience Advisory
Board to review the U.S, Environmental Protection Agency's
(EPA) research needs for the development and support of
National Ambient Air Nuality Standards (NAAQS). The report was
prepared at the direct request of EPA Administrator William D,
Ruckelshaus, who solicited CASAC to advise him on research
needs associated with strengthening the scientific basis for
setting NAAQS. The Committee met over a three month period
to review EPA's assessment of its information needs, the scope
of the research effort and its adequacy to policy questions,

The Committee is keenly aware that EPA's research program
must be directed in a manner that addresses and resolves
critical issues that confront policy makers during the standards
setting process. 1In this sense EPA's inhouse and extramural
research efforts are significantly different from those of
other Federal research agencies, notably the National Institutes
of Health and the National Science Foundation, which are not
directly responsible for providing tachnical support for a
regulatory program. '

EPA's research efforts, to be successful, must encempass
not only the support of regulatory programs under development
in the next six months to a year but must include a research
component to stimulate advances in the environmental sciences,
The latter task involves a time commitment of .several years,
but it is geared to the same end as research carried out
over a shorter time frame. In reality, both elements serve
Lo support EPA's fundamental mission for setting ambient air
quality standards: to identify, assess and abate the risk of
criteria pollutants to the public health and welfare. Viewed
in this context, the strategic mission of EPA's ambient air
pollutant research program, in both the current fiscal year
and over a longer time frame, is to develop and advance the
scientific and technical basis for risk assessment. In
addition, some of the resgearch needs identified in this
report should prove useful to addressing information needs
for regulatory . decision making under the Resource Conservation
and Recovery Act, the Toxic Substances Control Act and other
authorizing statutes which govern the Agency's activities.

It is c¢lear that the existing literature on air criteria
pollutants has provided significant information on their
health and welfars effects. However, these studies also
demonstrate the need to obtain additional data for improved
risk assessment, In the past four years CASAC has reviewed
air quality criteria documents for four pollutants., These
include carbon monoxide (CO), partiecuylate matter (PM)}, the
oxides of nitrogen (NOx) and the oxides of sulfur (SOx).
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The Committee has limited its review to these pollutants and
will address research needs associated with lead and ozone at
a future time, To carry out its review CASAC formed four
subcommittees composed of well known experts representing a
number of scientific disciplines.

EPA's inhouse and extramural ambient air research program
has significant strengths and weaknesses, Some of the inhouse
strengths include well developed capabilities in animal toxi-
cology, human clinical studiegs and environmental assessment,
Glaring weakness characterizes the Agency's program in
epidemiological research (both inhouse and extramural), the
use of its Research Centers Program and the paucity of support
provided to the Peer Review/Investigator Initiated Grants
program. For each of these weaker programs EPA has not
provided a critical mass of staff and dollar support for them
to contribute in a truly meaningful way to generate information
and provide technical support to the standards setting process,

Many extramural research programs that can support
standards development need a budgetary commitment of more than
one or two years, and mechanisms should be established to
pernit such support. Also, recommendations about which of the
peer~review approved grants to fund should be made by a group
of senior scientists who are familiar with the needs of the
standards development program and who are not influenced by
the short-term tactical needs and budgetary exigencies of the
Agency. A key recommendation for improving the support of
extramural research for standards development is the creation
of a Council for Research on Ambient Standards Development.,
Such a Council would provide direction and oversight of the
extramural research program to ensure that appropriate progress
was achieved and timely results delivered, and should be
Supported on a continuing basis by a line item appropriation
independent of other EPA research programs. The Council
¢ould also be helpful in communicating research needs to EPA,
the Office of Management and Budget and the Congress to assist
them in budgetary analyses.

To strengthen the scientific basis for its NAAQS regu-
latory pregram CASAC recommends that EPa develop and support,
on a multi-year basis, a targeted research program that
addresses five critical elements which are germane to all
NAAQS. These include the development of strong programs in:
l) air pollution epidemiology: 2) extrapolation modeling;

3) research relating concentrations at air monitoring sites
to human exposures; 4) research relating air pollution ex-
posures to doses received by target sites within human
populations; and 5) biological responses to multiple
pollutant exposures,
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CASAC further recommends that to improve EPA's risk
assessment capability for the four pollutants evaluated in
this report EPA should conduct and/or sponsor research to
address specific reseavch needs. The following represents
the highest priority research needs identified by the
Committee; other important needs are discussed in the body
of the report, For particulate matter and sulfur oxides. the

critical research needs include 1) development of direct
~ reading monitors for PMj,, and H3804 (sulfuric acid) or
aerosol acidity: 2) development Of ambient asrosol and fine
particle data bases; 3) deposition efficiencies for 502 and
particles in humans and experimental animals, the effegts of
exercise on deposition, and the effect of exercise on the
clearance of particles from the tracheobronchial airways;
4) development of an animal model for respiratory airway
irritancy biocassay: 5) Progression of disease and dysfunction
after chronic pollutant exposures; 6) continued studies of the
effects of SO, on asthmatics and other sensitive population
groups; and 7) studies on the effects of 504 in combination
with and in sequence with other  atmospheric factors. For
nitrogen oxides the key CASAC research recommendations iaclude
1) the application of state-of-the-art methodology to charac-
terize the progression and reversibility of NOs associated
chronic lung disease; 2) epidemiological studies that include
improved personal exposure measurement of NOp to increase
understanding of the role of NOp in the prevalence of respi-
ratory infection in children living in homes with and without
gas stoves; and 3) development of low=cost and widely deployable
personal monitors for NO;. Por carbon monoxide, the most im-
portant information deficiencies relate to 1) effects on the
cardiovascular system, and 2) neurchehavioral effects. A mora
extensive analysis and discussion of these most significant
research needs is presented in the text of the report,
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IT. INTRODUCTION

A. Background

This report was prepared in response to a September 1, 1983
request of Mr. William D. Ruckelshaus, Administrator of the
Environmental Protection Agency. He noted that the data bases
available to him through the air guality criteria documents and
air office staff papers for carbon monoxide (cCoO), nitrogen
oxides (NOy), sulfur dioxide (S0,) and particulate matter
{PM) were not much more complete than those on which he had
based ambient air quality standards promulations in the early
1970's. He reguested that CASAC advise him, by the end of
December 1983, on research needs for ambient air standards.

He indicated that he would direct the Agency to address those
needs so that future EPA Administrators would have a
scientifically firmer basis for revising or reaffirming air
gquality standards,

While the research recommendations contained herein are
focused on the National Ambient Air Quality Standards (NAAQS) ,
most of them would be applicable to data gaps affecting
standards for Hazardous Air Pollutants (HAPs). They would
also provide data which would greatly improve the hasis for
exposure assessments for airborne chemicals., EPA is currently
trying to improve and unify its procedures for expasure
assessment as a critical part of its program to apply improved
risk assessment procedures to its reqgulatory programs. Thus,
the research proposed here would be of great benefit to many
programs other than air, especially those authorized by the
Toxic Substances Control Act (TSCA), Resource Conservation
and Recovery Act (RCRA) and Federal Insecticide, Fungicide
and Rodenticide Act (FIFRA).

CASAC was able to respond to Mr. Ruckelshaus' request in
the brief time available because of the prompt and effective
cooperation it received from members of the EPA staff,
especially from representatives of the Office of Air Quality
Planning and Standards (OQAQPS), and divisions of the Office of
Research and Development (ORD) including the Environmental
Criteria and Assessment Office (ECAO), Environmental Menitoring
Systems Laboratory (EMSL), Environmental Sciences Research
Laboratory (ESRL) and Health Effects Research Laboratory
(HERL) . In addition, CASAC had recently completed reviews of
the air qualilty criteria documents for CO, NOx, PM and S50y.
In the course of these reviews, it became clear that major
gaps remain in current knowledge about the nature of the
health effects, dose-response relationships, and temporal
and spatial variations in the concentrations of eriteria air
pellutants. Furthermore, for pollutant classes such as NOx
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and SO0y, there are major temporal and spatial variations in
the propertions present as vapors and those present as
particles, Some of these chemicals are primary pollutants
(€.g., nitric oxide (NO], and SO,) which serve as precursors
for atmospheric transformations to more toxic pollutants
(€.g9., nitrogen dioxide [NO3], and H3804), which in turn ares
transformed to less toxic pollutants, e.g., NHsNO3, and
(NH4)2804. For the pollutant class known as particulate
matter, which includes secondary aerosels resulting from the
oxidation of NOy and SOy as well as ash, soil, diesel exhaust
particles, etec., there are substantial variations in particle
size distribution and trace contaminants which affect public
health and welfare, '

The gaps in our knowledge make the selection of NAAQS
levels very difficult, In the face of the scientific
uncertainties, an Administrator may feel impelled to utilize
2 greater margin of safety in selecting an NAAQS than would
be necessary and prudent if thers were a more adeguate and
reliable scientifie data base. An excessively strincent
NAAQS can impose enormous ineremental societal costs in terms
of the installation and maintenance of emission controls,
additional monitoring of ambient air pollutants, and
governmental enforcement activities.

The information gaps can be addressed by research programs
which focus con the eritical scientific questions confronting
policy makers. While some of the information needs identified

in the recent round of criteria document and staff paper reviews

can be readily filled by short-term, highly targeted research
projects, many others cannot.. Thus, there is a need for longer
term programs which enlist a broad range of investigators
willing to make a continuing commitment to research in areas
related to setting ambient air standards,

. Some of the data gaps are already being addressed by the
Office of Research and Development (principally the Office of
Health Research, EMSL and HERL in a research program involving
both intra- and extramural studieés). Aadditional needad areas
of research are being addressed under the auspices of the EPA
Peer Review/Investigator Initiated Grants Program, the Health
Effets Institute (HEI), and the National Institutes of Health
(NIH). However, it is clear that these programs, collectively,
fall far short of the needs, ‘

The research proposed by CASAC will not provide all of the
information that we can now identify as being useful in
setting ambient air quality standards, It is focused
primarily, as has been noted, on only four criteria pollutants,
Furthermore, it emphasizes research needs in air quality
measurements, exposures, and health effects., Due ko the time
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constraints affecting the preparation of this report, it dces
not include descriptions of much needed research on atmospheric
chemistry, physics, transport and transformations, or provide
much discussion of research needs associated with welfare
effects,

In our next report on research needs, CASAC will focus
on atmospheric transport and transformation and on welfare
affects, issues which continue to be concerns of CASAC. Our
emphasis in this report on health effects and issues directly
related to health risk assessment is also based on the greater
resources available among current CASAC members and consultants
in these areas, as well as the short time period available for
pPreparing this report. As we complete our reviews of the lead
and ozone criteria documents and staff papers, CASAC will pre-
pare recommendations for further research on these pollutants,

We believe that a firm commitment to a research program
focused on key information needs for standards setting will
enlist the enthusiastic support and participation of the
scientific community, and will provide a data base adequate for
quantitative risk assessment. The commitment, however, must be
secure and must ensure long term support for those studies inp
chronic disease toxicology and epidemiology which require it,

The costs of the identifiable research needs for ambient
air quality standards are large in absolute terms, yet
relatively small in comparison to the costs imposed by
standards which are either too stringent or too lenient.
Standards that are too stringent can impose costs for controls
that involve extra expenditures of billions of dollars.
Standards that are too lenient can cause adverse effects on
public health and welfare that are expensive to overcome and
degrade the guality of life. Use of an inappropriate pollutant
index can also result in huge excessive costs. Far example,
use of Total Suspended Particulates (TSP) as the index of
particulate matter pollution in the primary standard led to
many spurious exceedances in the southwestern U.S. because
this region was affected by wind blown soil that represented
little, if any, health hazard. Spurious exceedances can thus
trigger the imposition of unneeded controls.

In summary, a more complete and appropriate data base
can be constructed in the next five years. It would permit
the Administrator at that time to set ambient air quality
standards that protect the public health and welfare without
requiring large margins of safety to compensate for an in-
adequate data base, It could, thereby, help avoid unnecessary
societal costs associated with inappropriate levels of controls
or controls directed at inappropriate pollutant indices.
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B. QOrganization of this Repor:

The body of this report is divided into three parts.
The first (Section II1) addresses CASAC'S view of the overall
scope of the research program needed to f£ill eritical infor-
mation gaps identified in the recent airy criteria reviews in
time to provide a more comprehensive and firmer data base
for the next round of standards setting. It also addresses
the organizational framework in which the program can most
effectively be accomplished, ineluding enlisting the efforts
of the larger environmental science community outside of
EPA. : '

The second part (Section IV) is focused on generic
research needs for criteria pollutants, This includes the
development of technigues and resources for: 1) accumulating
quantitative population response data; 2) extrapolation of
quantitative expefrimental animal response data for the
prediction of humans responses; 3) relating concentrations at
fixed aic pollution monitoring sites to exposures of human
population; 4) relating human eXposures to airborne pollutants
to toxic doses at critical sites in the body; and 8) research
On responses to exposures to mixtures of pollutants.

The third part (Sections Vv, VI and VII) provides specific
recommendations for priority research needs and a supporting
rationale for the criteria pollutants SOx and PM, €O, and NHO4
based upon the CASAC reviews of the criteria documents and
staff papers for these pollutants. '

CASAC's criteria for the inclusion of the specific
research recommendations are relatively simple and
straightforward, They include;: '

1) the data to be generated would provide answers for,
or at least go a long way toward defining and/or resolving
critical issues relating to the setting of NAAQS;

2) the research can be accomplished using either existing
technology or technology that ean be developed as needed
during the research; ' .

3) most of the research'needs identified herein can be
addressed and resolved within the time frame mandated by
congress for periodic revisions of the NAAQS.

II1I. RECOMMENDATIONS ON SCOPE AND ORGANTZATION QF RESEARCH
PROGRAMS ’

‘The information needs for national ambjient air gquality
Standards setting are so diverse and specialized that they

require input from virtually all scientific disciplines, both
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basic and applied. An effective program should take advantage
of all of the resources available, including EPA's own
specialized laboratory and field investigation capabilities,
the Agency's specialized university-based Research Centers
Program, and the academic research community in general.

EPA's in-house program has significant strengths and
capabilities in clinical studies, animal toxicology and
envirommental assessment. Strong in-house programs make
valuable contributions in themselves by addressing wel]
defined research needs and, at the same time, helping the
Agency attract and retain high calibre research personnel .,
Such staff scientists also make it possible for the Agency to
select and monitor research performed by outside scientists
under cooperative agreements. Extramural contractual arrange-
ments will always be necessary, since it will never be feasible
for the in-house program to have and maintain all the special-
ized facilities and expertise that may be needed to address
high priority critical information needs,

CASAC welcomes the decision by the Agency to begin to
re-establish a limited in-house capability in epidemiology so
that this critical area of investigation can begin to play its
essential role in the averall program, With modest increases
in support for epidemiology and for clinical studies, toxicology
and enviromnmental studies, the in-house staff should have
adequate resources ‘to make their essential contributions to the
development of improved NAAQS,

The EPA's Research Centers Program has not yet had any
significant impact on the data base for NAAQS. Only two of
the Centers are active in areas of potential impact on NAADS,
and neither of them has had a major focus in those areas.
The University of California at Los Angeles (UCLA) Center on
Intermedia Transport can be expected to make contributions on
the environmental fate of airborne emissions, and the University
of Pittsburgh Epidemiclogy Center has investigated exposure-
response relationships for fossil fuel combustion effluents,
However, there is not now any Center program focused on
experimental inhalation studies in humans or animals, or on
the characterization of human exposures to air pollutants,
An academic center could play a constructive and key role in
implementing the research Program getting underway in
extrapolation modeling. Another center could help EPA to focus
on mechanisms of action and CXposure-response relationships for
the pathogenesis of disease resulting from chronic low-level
air pellutant exposures. Centers focused on these research
areas could make major contributions toward filling the data
base needs for NAAQS.



Academic based centers have great potential for comple-
mentary contribytions to EPA's overall ambient air researeh
program., They can: 1) take a longer view of research needs
than the in-house programs; 2) more readily undertake
multidiseciplinary research studies; 3) enable EPA to enlist
the participation of specialized facilities and perseonnel
otherwise unavailable to the in-house groups, and 4) provide
training to a new generation of scientists and engineers,

A third and equally essential component of an effective
research program focused on NAAQS needs is the EPA Grants
Program. Investigator initiated, peer reviewed grants provide
EPA with the kinds of innovative research that the specialized
in-house and centers program cannot be expected to provide.
They offer the best prospect for "break through" research, and
research on important areas which are not within the focus of
primary concern of the other program components. While some
support for research related to the development of NAAQS is
available from the NIz and the National Science Foundation
(NSF)}, these agencies tend not Lo support research perceived
as "practicaln® or program-oriented, preferring studies perceived
as "basic research." Some support for extramural research is
also available from the HEI, but this program is confined to
pollutants associated with motor vehicles,

EPA is an agency which always has been and probably
always will be on the "firing line." pPublic and Congressional
pressures cause it to divert funds and personnel to investigate
and control the "erigis-of-the-month." There is, therefore,
concern about its ability to effectively manage long-term
research programs. On the other hand, EPA is the logical
Federal agency to support long-term research "‘that provides
the basis for standards development, since standards
development will continue to be a major statutory responsi=-
bility of the agency. ‘ .

EPA already has an effective administrative system for
peer review of grants, In this system, which was initiateq
about four years ago, the Agency has solicited investigator
initiated research grant applications directed at specifie
broad categories of Agency program needs. FPach grant
application is evaluated for scientific merit by a review
panel composed primarily of academic researchers but also
including some EPA research personnel, There are currently
five panels, and they meet three times each year. The panzis
review grant applications and have typically approved abou*
30% of them. Those that are approved are given a scientifie
rating. These ratings and the relevance of the research to
EPA program needs are evaluated by Agency personnel in deciding
which of the approved grants teo fund. In FY'B3, 45 grants
were funded. These included five in the environmental health
area. However, none were related to the establishment of
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NAAQS. Twelve grants were awarded in the areas of Environmental
Chemistry and Physics (Air), and eight of these related to
NAAQS issues,

The EPA extramural grants program is similar to, and in
many respects is patterned after, the highly successful
extramural grants programs of the National Institutes of
Health. In terms of the scientific peer review procedures,
there are no important differences: those differences that
do exist are reasonable given the differing responsibilities
of the agencies. On the other hand, in terms of the secondary
reviews, there are substantial and significant differences.,
Each NIH Institute (National Cancer Institute [NCI], National
Institute of Environmental Health Sciences [NIEHS], etec,) has
a scientific council composed of extramural senior scientists.
Each council meets three times a year to evaluate the grants
assigned to the Institute and previously reviewed by one of
the discipline~oriented peer review panels {(Study Sections),
They weigh the scientific merits of each grant, as outlined
to them in the summary statements prepared by the study section,
and the relevance of the proposed work to the mission of that
particular Institute. As Institute advisors are not employees,
they can and do take a long-range view of the needs of the
Institute program,

By contrast,the summary statements prepared by the
program area peer review panels of EPA (Review Panels) are
now reviewed by Agency scientists who are, of necessity,
more influenced by perceived short-term needs of the Agency
and whose perspectives may be more limited than those who
would be chosen to serve on a NIH-type council,

A further c¢ritical diffevrence is the length of time that
research support can be committed. NIH councils can make
five-year commitments of support for approved research grants
(subject, of course, to continued tunding of the Institute by
congress). On the other hand, EPA has limited funding
commitments for research projects to a maximum of two years,

Many extramural research programs that can support
standards development need a budgetary commitment of more
than one or two years, and mechanisms should be established
to permit such support. Also, recommendations about which of
the peer review approved grants to fund should be made by a
group of senior scientists who have broad perspectives of the
needs of the standards development program and who are not
influenced by the short-term tactical program needs and
budgetary exigencies of the Agency, Therefore, a key
recommendation for improving the support of extramural
research for standards development is the creation of a
Council for Research on Ambient Standards Development to
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oversee the extramural research program with such a group

to be supported on a leng-term and continuing basis by a line
item appropriation Seéparate and independent of other EPaA
research programs.

It may be desirable to econstitute this Council as a
subcommittee or affiliate of CASAC since CASAC has the
necessary programmatic perspectives and intimate familiarity
with the research needs in support of standards acquired in

papers. CASAC's major concern, however, is not that it he
involved in the activities of the Couneil, but that suveh a
mechanism be created to assure timely delivery of scientific
résults, The Council should adopt procedural rules patterned
after those of the NIH, designed to eliminate potential con-
flicts of interest., The Council mechanism could alse be
helpful in communicating research needs to EPA, the Office

of Management and Budget, and the Congress to help in their
budgetary analyses,

Qur specific recommendations for a new extramural research
program to support the development of ambient air quality
standards are summarized in Table T,

In summary, a long=term commitment of support by EPA is
essential to an effectiva program., It not only takes time to
formulate programs designed to address some of the complex
issues in standards Cevelopment, but it takes time, even for
the best investigators, to develop the background, specialized
techniques, and perspective needed to perform the experiments
and studies that can resolve these issues. 1In the past,
crash programs have been initiated only two years or less
before the data were needed for decisions. Such a time frame
makes it difficult to enlist the services of the kinds of

there been a firm commitment of resources guided by a standards
development policy and overseen by a suitable group of senior
scientific advisors.

IV. GENERAL RESEARCH RECOMMENDATIONS FOR CRITERIA POLLUTANT
STANDARDS DEVELOPMENT ‘

A. Development of a Program in Air Pollution Epidemiologay

Epidemiological studies are a primary mechanism for
identifying human health risks in the environment, A
great deal was learned about risks from air pollution from

. - ¢ TR, Lo DRI A e
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Table I. CASAC Recamerdations for Establishing a Leng-term Ongoing Research Program in Support of the

I.

II.

Develomment of Ambient ALr Cualitv Standaros

Suggasted Mechanisms for Suppert of Research

1.

4.

Solicitation of lomg-temm (up to 5 years) applications for research grants and centers (astrermed
after the systems usad by NIH, i.e., Request for Application {RFA], based upon broad descriprion
of research needs),

Peer veview of applications by current Epa suprorted review panels, ot by special review panal with
similar qualifications, providing SUMmAty statément on approval and priority score or disapproval ,

Feview of sumary statements by a Council for Research on Ambient Standards Develomment for
relevance to standarcs setting (similar to the advisory role of an NIH Council in NIH Grants Program,

EPA commitment to contiruing support of the approval applications fSor up to 5 years, contirgent upon
satisfactory progress,

Major Areas of Needed Research for Ambient Standards Develorment

.

Fundamental studies of Expoeure-Response and Mechanisms of Injury for Criteria mollurants

a. Animal toxicolagy - stort-temm and chrenic EXTOSUres .

b. Extrapolation Modeling - Use of animal studies to determine likely human responses and to link
acute responses to chronic diseases,

€. In Vitre studies - Follutant interactions with cells and organelles,

d. dinical and experimental human studies - short-temm exposures of human volunteers

€. Pepulation studies - epidemiolegy of axposed humans

Puncamental Studies of Atmospheric Cmposition

a, Primary pollutants - tempora! and spatial distributions downwind of sources ard potential for
pepulation exposure .

b. Atmospheric transformations - temporal and spatial distributions of secondary pollutants, their
chemical and physical properties, and their atmospheric lifetimes under various conditions of
temparature, humidity, actinic radiation, transport, etc.

©. Spatial variations within an airshed

1. center city vs. subyrh
2, ground levels vs. slevated sites
3. utdeor vs, imicor

Leveldpment ard Improvement of Air Samplers, Monitors and Mevices for Cetermining Personal Exposures

a. Samplers for size—selective sampling of aervsols - for both fixed station and persenal sampling

b. Improved samplers amd/or menitors for reactive species, sch as HpS04, NQy, HNOm, volatils
and/or reactive organics in or on aervsol particles and in gases, ete, _

€. New ard improved personal samplers - additional pollutants ard bettor Lemporal resclution of
exposuras,
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such studies performed in the 1950's and 1960's. However,
some primary confounding factors for contemporary decision
makers are the changing mixtures of ambient pellutants and

the different effects of the various pollutants in situations
involving multiple exposures, New epidemiclogical studies

are needed for today's pollutant mixtures. In additien, it
alse appears necessary to develep methods for personal exposure
monitoring in order to better correlate effects with exposures
on an individual basis. The effects of patterns of exposure
and of simultaneous exposures to criteria pellutants are best
studied by epidemiological means, since it is not possible to
simulate all exposure conditions in laboratory studies.
Laboratory studies can provide comparisons with, and explan-
ations for, findings in epidemiclogical studies., In summary,
epidemiological studies can provide critical data bages for
identifying air pollution risks to public¢ health.

CASAC supports recent EPA decdisions to begin restoring
an epidemiclogical component to the health effects research
program., For the near temm, we favor "program definition®
studies. Some near-temn funds should also be alleoca*ed to
supplement ongoing epidemiological programs. In future years
(FY'85 and beyond} we strongly recommend that rescurces for
epidemiology be increased to a level more in balance with
the two other major components of the health program. We
also support cooperative efforts with outside -groups such as
NIEES and the Electric Power Research Institute (EPRI).

B. Development of a Program in Extrapolation Modeling

In developing an understanding of the pathogenesis of
chronic disease it is seldem possible to use human subjects,
and it is usually necessary to resort to animal studies,

Such studies permit investigations of the nature of responses

to specific air pollutants, They also facilitate the search

for long-term effects of low.level air pollution, and an
elucidation of the mechanisms by which these pollutants exert
their effects on a chronic basis. More chronic animal studies
are needed to meet EPA's requirements for an expanded data

base over the next decade, but their current utility in standardg
setting is limited by our inability tc make quantitative interw
species extrapolations, , :

It is also vital to appreciate that linkages between
acute and chronic effects of specifie air pollutants are
needed, involving studies that range from in vivo human
studies all the way down to in vitro ecellular or molecular
investigations of the effects of specific air pollutants. In
particular, using cultured preparations of cells or animal or
human models, short-term phenomena may indicate the mechanisms

il - o CaaTe o et N e e
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by which long-term effects take place. For example, immediats
changes in respiratory epithelial permeability properties or
inflammatory responses may indicate that longer term sequela
will take place if exposures are continued. Furthermore, if
chronic effects of a specific pollutant are seen in animal or
cellular studies, and if mechanisms for such effects are seen
in acute in vivo studies in humans, it will lend increased
credibility to the suggestion that chronic exposures in humans
may be similar to the effects seen in other experimental
systems.

In view of these considerations above, we endorse strongly
EPA's plans to develop methods for extrapolation of data
obtained in cellular or animal studies to human populations.
Such extrapolations will invalve quantitation of dosimetry of
the pollutant to specific target sites in the body. These
approaches, when combined with the linkage studies noted
above, should allow more intelligent decisions about potential
effects on human health of air pollutants based on studies in
non-human experimental systems.

C. Research Relating Concentrations at Monitoring Sites
Lo Human EXposures - Assessment of Perscnal Exposures

The adegquacy and margins of safety associated with NAAOS
depend greatly on the relations between the concentrations
observed at fixed monitoring sites and the actual exposures of
people. Qutdoor concentrations can vary greatly within a
community, and most people spend most of their time indoors.
For some pollutants, e.q., S0, and ozone (03), indoor
concentrations are almost always lower than ocutdoors, while
for NOp, where gas stoves and portable heaters act as indoor
sources, indoor concentrations can be much higher,

EPA’s program in total exposure assessment should have
increased emphasis and should be broadened. The information
is c¢ritically needed for EPaA programs in quantitative risk
assessment and in support of expanded activities in
epidemiology.

The measurement of personal exposures requires the use
of miniature samplers and monitors which can be worn for
extended periods by persons engaging in their normal activities.
Samplers are available for measuring average daily exposures
to CO, NOs; and PM, but wearable samplers which ¢an measure
peak concentrations are either unavailable or prohibitively
costly. Research and development is needed on personal
samplers and monitors for criteria pollutants, so that such
samplers can be used to better define human exposures,

e i o A |
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D. Research Relating Exposures ko Doses

Exposure alone does not determine dosage of inhaled
materials at critical sites in the body. The deposition,
translocation and metabolism of inhaled materials vary greatly
among individuals in a population according to age, size,
breathing patterns, state-of-health, level of physical
activity, route of entry (nose or mouth), level of stress,
etc. Thus, the fractien ©f inhaled material reaching a target
site or critical organ in the body ean be highly variable,
and the effective dose depends on both this fraction and the
external exposure concentrakion.

‘Much of the information needed to translate exposures
into deses for targst populations should be developed in the
EPA Extrapolaticnlmadeling]Prcgram, Nata on the differences
in exposure/dose relationships between humans and animals
should also be developed in this program,

Additional research is needed on human volunteers to
establish the effect on respiratory tract deposition patterns
and efficiencies of route of breathing, level of exerdise,
ambient temperature and humidity, atmospheric co=contaminants,
gte.

E. Responses.to‘ﬁultiple Pollutant Exnasures‘

A number of well-documented cases exist which demonstrate
that exposures to two or more air pollutants simultaneously or
sequentially produce respenses not seen with the individuyal
exposure alone. However, we lack Systematic data and
understanding of the conditions which lead to these enhanced
responses, or, in many cases, the mechanisms by which they
ococour, : o

The following does not represent a list of recommendaticns,
but rather serves as examples of some of the combinations of
pollutants and the effects of interest which deserve further
study: : ‘

1} effects of 50, H3S04 and nitric aeid (HNO3) combined
with very high humidity (fog) on airway mechanics and lung
¢learance, : )

2) Effect of 805 and carcinogenic aerosols on lung cancer
incidence, - ‘ ;

3) Effects of combined exposures to 0j3, NOp and 505 on
Crops and trees,

e ey WL e e
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V. RESEARCH NEEDS FOR PARTICULATF MATTER AND SULFUR DIOXIDE

A. Introduction

The research needs for particulate matter (PM) are
substantially greater than those for any of the other criteria
pellutants discussed in this report. 505, NOp and CO are all
vapors of defined chemical composition, PM, on the other
hand, includes particles varying widely in size and composition.,
These variations complicate the measurement of atmospheric
concentrations, the relationships between exposures and doses,
and the characterization of health and welfare effects,

Because of the large number and diversity of the research
recomméndations for PM, we have grouped the specific
recommendations by category, using the chapter headings of
the combined air quality criteria document for PM and S0, as an
organizational framework. These follow the introductory
discussions on PM and S0,.

1. Particulate matter

The intensive CASAC review of criteria and ranges of
interest for proposed standards for particulate matter (pM)
resulted in recommendations for substantive changes to the
current PM standards, The review also revealed a highly
limited data base, particularly where quantitative studies
were concerned, and a wide range of views about the effacts
of specific constitutents of PM and the exposure levels at
which adverse health or welfare effects are likely to, or may
possibly, occur.

With respect to health effects, the key issues are:

(a} Physicochemical properties of PM as they affect health

The available scientific information supports a size-
specific standard based upon penetration of particles into
lung airways. Research is needed to determine whether and
what further refinements can be made. TIn the next standard
setting round (1989), separate standards may be warranted for
fine (< 2.5 um) and coarse (> 2.5 um) particles which differ
substantially in chemical properties, or for specific chemical
components or c¢lasses such as sulfuric acid or carbonaceous
material. To significantly address these questions, more
knowledge of the physicochemical properties of PM is needed
and, in particular, a larger research program on the composition
and properties of fine particles is required,
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(b) Nature of health effects of DM and its major
constituents,

The scientific review of controlled animal and human
studies and epidemiological résearch identified a number of
important health effects issues presently of concern for
particles as well as identification of effects of potential
congern. Further study of these questions is needed using
all three scientific approaches. The size and nature of
population groups sensitive to such effects should be further
delineated, as well as the mechanisms of the toxic response.

(¢) Quantitative relationships between PM and health
effects in sensitive population groups,

Perhaps the most important need is ko improve our ability
to assess the risk of zcute and chronic PM exposures to the
varying particle compositions and conditions found in U.S.
atmospheres. Development of improved approaches for using
animal and controlled human studies for guantitative risk
assessment are of ceritical concern.

The key welfare effects areas where more work is needed
include: '

{a) Visibility

Although a relatively good basis exists for relating
fine particles to visibility, additional work is needed on
relating sourcesz to fine mass and to evaluating effects on
visibility in different seasons,

(b) S8ciling and nuisance

The most important issues concern which particle
compositions and sizes can make substantial contributions to
soiling and nuisance and at what concentrations.

2. Sulfur diexide

For sulfur dioxide the CASAC review revealed a need to
consider setting a short-term peak (l-héur) standard to protect
asthmatics from difficulties in breathing and symptomatic
effects, It would be desirable to ultimately extend investi-
gations of these issues into field settings. The basis for
2 24~hour standard is primarily drawn frem epidemiological
work conducted in England during the 1950's. Additional work
is needed to better characterize the kinds of responses and
the levels of S0; at which such responses can occur over this
time peried.
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The CASAC review of the scientific basis for the long -
term {(annual) SOs standard concluded that ceonsiderable
uncertainty exists whether long-term S0 levels currently
experienced in the U.S. can increase morbidity or mortality.
some qualitative support for a long-term standard exists, but
this support is weak. Some toxicolegical studies suggest a
possible role of 80, in carcinogenic or mutagenic activity,
but there was insufficient scientific data to generate serious
concern. Due to the apparent interaction of S0, and PM
observed in epidemiological studies, controlled studies are
needed to elucidate the causitive factor(s).

For both acute and chronic exposures personal monitoring
studies need to be developed that could provide continuous
monitoring of peak concentrations of $05. Such information
would be useful to test for associations with acute or chronic
human health responsas.

In regard to welfare effects associated with 505, the
major areas of concern are effects on vegetation and materials.
Studies examining the effects of S07 both alene and in
combination with other pollutants should examine exposure
patterns that might be observed in the ambient air. Because
a possible new short-term primary standard could be more
stringent than a secondary standard and because there is
considerably more information on the effects of 80~ resulting
from acute exposures than longer averaging times, it would
seem appropriate to exert greater efforts to examine effects
of repeated peak and long-term exposures,

Available information suggests adverse welfare effects
may be occurring in several situations at ambient concen-
trations, demonstrating a need to evaluate effects on
agricultural crops, vascular plants, and non-vascular plants.
work is also needed to quantify damage to a variety of materials
under differing ambient conditions.

B. 8Some Specific Recommendations for Research on PM and 505

NOTE: (1) Research needs are listed by area, according to
Chapter Headings in EPA-600/8-82-029 "Air Quality
Criteria for Particulate Matter and Sulfur Oxides"

(2) Research needs are prioritized as follows:

*** Highest priority - very c¢ritical need

** High priority - very important need

* Moderate priority - can provide important data
for supporting standards development
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CHAPTER II. Physics and Chemistry

*1., 2Ambient air neutralization of Ha504 by NH=9

The source terms for HpS04 in the atmosphere are discussed
in 26 pages of the critsria document (CD). The reactions
which neutralize H9504 are discussed in less than one page.
Since the ambient air levels depend upon both formation and
removal kinetics, we must know more about the sink terms in
order to model the ambient concentrations. This is especially
important for Ho5Q4, which is the pM compenent with the
greatest known effects on boeth human physiology and environmental
quality.-

CHATER III. (Collection and Analysis

***1. Development af a direct reading monitor for PM;p

I£ 24-hour or other short-term limits for particles less
than 10 um in aerodynamic diameter are to be enforced, control
agencies will need monitoring instruments with the capability
for continuous measurement and/or conzentration readout over
a2 period of about twe hours or less. Such instruments do not
now exist, and many control agencies resort to such antiquated
and crude PM indices as Co-efficient of Haze (CoHs) in making
decisions on the presence of alert stage conditions. Such a
monitor would also be valuable in health effacts Studies and
in the development and analysis of control strategies.

***2. Development of a direct reading monitor for H,S01 or
aercsol acidity

The strong acid component in PM may be the single most
important characteristic with respect to health and welfare
effects, yet is poorly correlated with PMy1p, fine particulate
(FP) or other mass concentrations. Tf the strong acid component
can be measured directly, it may represent the best index 2f
potential effects and/or be the basis for future standards.
Development of such capability should have a very high priority.

**3. Development of a direct reading monitor for FP and/or
visibility reduction

Future secondary standards for atmospheric visibility
will require compliance and routine monitoring with an
instrument or measurement technique for vigibility reduction,
or for some surrogate such as FP, Such instruments and/or
techniques should be developed now for accumulating a suitable
data base for standards setting, The only FP data now being
collected are from the EPA network of dichotomous samplers,

L e Ao
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These are less valuable for FP determinations than are data
from continuous monitors, and may not be available in the fy-
ture as monitoring emphasis shifts to PM1p. Such an instrument
may also be particularly useful for health effects studies.

**4. Development of a wearable direct reading instrument
for S0Op, PM1p and FP

Fixed station samplers can provide only indices of actual
€xposure to 503 and PM. Studies of actual human exposures at
street level, in vehicles, in public buildings, and in
residences, can best be made with lightweight, battery-powered
devices which do not inhibit the normal activity of the
wearer., Such devices are especially valuable in epidemiolegical
studies. Research is needed on the design of particle samplers,
sensors, and inlet pre-cut devices to restrict the particles
to be measured to PMjg and/or FP. For S0;, the critical
need 1ls for capability of measuring peak concentration levels,

CHAPTER V. Concentrations and Exposuresg

**x1. Ambient acid aerosol data base

While Hp804 is one of the most important constituents of
PM, its ambient concentrations have been measured in only a
few limited duration campaign studies in various areas of the
U.8. A more extensive data base is one of the most critical
needs for future PM standards. Tt should be adequate to
establish seasonal and regional variations in exposure, and
provide a basis for analysis of trends,

***2, PFine particle (FP) data base

Future primary and/or secondary NAAQS for PM may be
based on FP mass concentrations. If the developing data base
on effects of FP warrant such standards, then a data base on
ambient levels of FP will be needed to determine the relative
contributions to PMyg mass of coarse and fine mode constituents
at various locations and times.

**3. Exposure to wood and coal smoke from domestic fires

The widespread use of coal and wood for domestic heating
in several parts of the U.S5. has caused odor nuisances and
local visibility degradations, and is of serious concern
regarding potential health effects, The extent and
characteristics of exposures to the smoke and ash particles
from such heaters should be determined,
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*4. Composition of the ambient particulate organic matter

Much of the mutagenic and carcinogenic actiwity of
ambient particulate matter and the contributions of the
polyeyclic aromatic hydrecarbons have been investigated in
some detail, Further study is needed on other classes of
organic particulate matter in order o develop a better
understanding of the sources of the mutagenic activity in
ambient airborne particles.

CHAPTER VIII. Effects. on Vegetation

**1. Dose-response studies for plants

Moxe detailed SOy dose-response studies should be
conducted with realistic concentrations monitored in the
atmosphere. These dose-response data should include both
field and laboratory studies on a regiconal scale,

Studies cited in the criteria document peint out that
mosses are quite sensitive to low levels of atmospheric S0s.
Thus, effects on mosses could be used to presage effects of
80z on other vascular plants in natural forests and
econcmically important crops.

Although more short-term (agute) data that have been
verified by different studies are needed, more resources
should be allocatad for long-term (chronic) low concentration
effects of SO; on vegetation because less information is
available. One then could evaluate the importance of single
and multiple acute responses versus comtinuous chronic S04
exposures on different sensitive species of plants,

The limited data base suggests that possible co-occurrence
of SOp, NOy, and 03 may produce greater detrimental effocts
on gensitive vegetation than any one of the pollutants alone.
Thus, careful combined exposures should be conducted in the
laboratory and the field to determine the effect of ambient
502 concentrations and various combinations of NOx and 03 on
vascular and non-vascular plants. Studies might be focused
on the most sensitive life stages (e.g., floewering stages).

*2. Studies to determine the influence of environmental
factors on dose-response functions. . -

Studies of the influence of 803 as a factor predisposing
plants to injury from environmental stresses are needed. The
relationship between 505 (and sulfate ion) gxposure and
@ffects on richness and diversity of non~vassular plants
needs clarification. There is also a need to develop a better
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understanding of the importance of other factors affecting
exposure-response relationships. Such factors include soil
moisture, stage at time of exposure, and the kinetics of
exposures, In addition, some effort to examine the importance
of CO and NO5, which often co-exist with 505 point sources,
warrants examination.

CHAPTER IX. Visibility

*1, Contributions to visibility reductions by PM
constitutents

The major contributors to visibility reductions include
sulfuric acid, ammonium bisulfate, ammonium sulfate, ammonium
nitrate, diesel soot, other carbonaceous particles within
the accumulation mode aerosol, and NO>. For hygrosceopic
particles, visibility reduction is strongly dependent on
relative humidity. However, the relative effectiveness of
the various kinds of particles has been adequately established
tor only a few limited situations, and primarily in the summer,
More data for other seasons is needed. Research in this area
could provide a needed basis for any future secondary standards
for PM based upon visibility reduction in urban, suburban, rural
and recreational areas.

CHAPTER X. Effects on Materials

*1., Materidl damage by 505

very few quantitative data exist concerning the effects
of 80 on materials. More information is needed on the
seasonal and regional chronic effects on different materials
(e.g., paints, fabrics, elastomers, stone, and metals)., Some
quantitative data exist for nonurban areas, but more data are
desirable concerning material effects in urban regions. The
studies should deal with long-term low=level S0y concentrations
that are monitored close to the materials being studied.

*2. Soiling and nuisance by pPM

Although the qualitative aspects of the soiling of
surfaces by particles is well known, a comprehensive guantitative
research approach has been lacking. Studies are needed that
will permit an evaluation of the effesct of particle size,
rainfall, and weathering on exterior soiling effects, with
particular emphasis on the role of coarse particles. The
results of soiling also must be evaluated from the standpoint
of economic aspects, human perception, and of ¢leaning costs
and procedures.
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CHAPTER XI. Deposition and Fate

***]1. Regional deposition of 504

and particles in

experimental animals

There are very few data on deposition efficiencies in

the heads, lung conductive airways,

and alveolated regions of

experimental animalg, Or on how deposition efficiencies vary
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doses for given exposures, and to r
LesSponses to the potential for effe

***2. Effect of exercise on regi
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efficiency of deposition of both S0
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extrathoracic airways, and the inerp
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performed, |
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@ased air flow rates
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***3. Effect of exercise on the clearance of particles
from the tracheobronchizl airways

Exercise could alter the reten
deposited within the lung conductiv
The increased flow rate and switeh
with moderate to heavy exercise wou

tion times for particles

¢ airways in several ways.,
to oral breathing associated
1d increase the amount of

particulate matter deposited in large airways and alter its

pattern of deposition. It would al
and relative humidity of the air, w
bleod flow. All of these changes ¢

50 reduce the temperaturas
hile increasing pulmonary
an be expected to influence

the thickness and viscosity of the mucus on the airways, and

thereby the surface transport of th
the mucus., Research is needed to d
exercise on particle retentien, so
from the particles can be determine

e particles deposited on
efine the effects of
that the doses resulting
d.
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**4. Influence of oronasal breathing on regional deposition
in humans

Little is known about deposition efficiency of 56, and
particles in oral airways during "normal" oral breathing or
orcnasal breathing. Current data on oral airway deposition
are based on inhalation through a mouthpiece or oral airway
which creates a larger cross-section airpath than the natuyral
one. 5Since thoracic dose depends on fractional removal in
the head, it is important to know the extent of the removal,
and how it varies with the size and shape of the oral airway,
the distribution of flow via nose and mouth, breathing rate,
and tidal volume.

**3. Regional deposition in sensitive populations

There are limited data which indicate that tracheobronchial
deposition efficiency of inhaled particles is significantly
enhanced among individuals with narrowed airways, ¢.g9., people
with asthma and chronic obstructive pulmonary disease (COPD),
and among children. More data are needed to characterize the
extent of the enhancement and the factors which have the
greatest influence in causing it. This is important because
the standards may be based, in part, on responses among
sensitive subgroups of the overall population., Such. a
subgroup would include individuals with enhanced conductive
airway deposition,

**6. Barrier functions of the lung

The respiratory epithelium represents a barrier between
the individual and his environment. Changes in the function
of the epithelial barrier may be associated with the acute
response to pollutant exposures. Consequently, the integrity
of the epithelium in response to an insult from an environmental
pollutant needs to be evaluated. Epithelial permeability
rates and the effective "pore" size can be estimated using
(gamma emitting) probe molecules of known molecular size.

The rate and clearance off the surface of the airways coated
with the radiolabelled particles is measured with the external
gamma detectors.

CHAPTER XII. Toxicological Studies

***1. Development of an animal model for respiratory airway
irritancy bioassay

Transient changes in mucociliary clearance rates can
provide a sensitive bioassay for lung irritants on the basis
that similar responses are produced in both humans and animals
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by such diverse irritant aerosols as cigarette smoke and
H2504. The assay's utility should be extended to cther
laboratory animals, and it should be evaluated with other
irritants which have significant amounts of deposition within
conductive airways. These could include NGy, 03, and
constituents of PM as ambient pollutants of interest. They
could alse include other acids and bases at various particle
sizes to vary dosimetrie aspects and determine mechanisms for
airway responses to irritants.

***2. Progression of disease and dysfunction after chronic
pollutant exposures '

An essential element in any chronic study of particulate
sulfates is to look for delayed effects, The EPA's "Cincinnati
Dog Study" shewed that the animals exposed to Hy804 had a
progression of effects during the Study, as determined by
pulmonary function, Morphometric measurements at the end of
the study indicated the presence of emphysema, "analogous to
human centrilobular emphysema." Limited follow-up studies on
shorter-lived animals are recommended to dévelop a more
comprehensive data base, including studies with 502 and H;S04
alone, : '

**3, Effects of the wltrafine fraction of fresh coal
combustion f£1v asn

The ultrafine (< 0.2 um) condensation aerosol from coal
combustion contains most of the H2804, organics, and volatile
metals within the overall flyash, and may therefore contribute
disproportionately to the overall health hazard of such
effluents, No inhalation Lests have yet been done with such
aerosols, and the tests which have bean done with resuspended
ash have not been able to show the presence (or absence) of
the effects that the ultrafine fraction alone might produce.
Tests with fresh ultrafine ash are needed in order teo determine
the extent of the contribution such particles may make to the
overall ambient aerosol inhalation hazard. Endpoints of
interest would include airway mechanics, diffusing capacity,
clearance functions, and bioavailabilities of trace constitutents.

"*4, Identification of host factors which affect responses
te inhaled polluytants

Among animals exposed repetitively to irritamt aerosols
(S04 or cigarette smoke), some developed persistently slowed
mucociliary ¢learance, while others developed a persistent
clearance acceleration., Such divergent responses among
animalg with the same exposures provide a model for identifying
the host-related factors which govern the responses, and may
provide markers for identifying individuals within a population
likely to be suseceptible to environmental exposures,
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CHAPTER XIII. Controlled Human Studies

***1, Continued studies of the effects of $Q02 on asthmatics

803 causes significant bronchoconstriction in asthmatics
at relatively low concentrations (0.25 and 0.50 ppm) . These
same exposures produce no obvious effects an healthy adults,
While concentration-response studies have been done, and scme
information on effects at constant 505 concentration with
different exercise levels {minute ventilation) is available,
knowledge of the relative contributions of 502 concentration,
minute ventilation and time of exposure to the bronchocon-
striction response is desirable. In addition, this response
as a function of time of continuous exercise and as a function
of repeated exposures needs to be studied. while it is known
that substantial response to 502 does occur within 5 to 10
minutes, the effects of exercise continued beyond 10 minutes,
and the effects of repeated peak exposures on the same day or
on subseguent days need to be established.

***2. Studies on the effects of S0» in combination with
and in sequence with other atmospheric factors

Studies are needed to investigate possible interactions
between exposure of 50, and other environmental factors known
to induce bronchoconstriction in asthmatics. Cold and dry
air, for example, are well known as naturally occurring
factors preoducing respiratory distress in asthmatics., The
possible synergistic effects of SO, combined with cold/dry
alr need to be investigated.

Interactions with particulate materials also need to be
investigated, especially in light of the recent regort of
effects in asthmatics of exposure to only 100 um/m~ of HyS0, .

Similarly, studies are needed to investigate sequential
exposures to S50y and other factors such as cold/dry air,
pollutants (e.g. O3, NOp) and viruses. Such studies would
address the question of airway sensitivity, that is,
sensitization or desensitization of the airways to one factor
(such as 509) by prior exposure to another. For example,
exposure to ozone followed by exposure to 50 may result in
an increased response to the 805 (sensitization) due to
increased bronchial {irritability. Conversely, prior exposure
to ozone might result in a decreased subsequent response to
S50, because of ozone-induced mucous secretion which could
"protect" the airways. Likewise, persons with pulmonary
infections might be more or less sensitive to S0 exposure
for the same reasons,



**3. Effects of pollutants on pulmonary functions during
acute respiratory infections

Exposures to nitrate aerosols during a pericd when the
subjects were suffering from acute lung infections produced
pronounced enhancement of the bronchoconstrictive effects of
carbachol, 8Similar studies should be performed with other
pollutants, e.g., 503, HyS04, (NHy) 2804, carbon, etc., to
determine if the response varies with the kind and amount of
the pollutant challenge. Studies of similar groups should
also be done with other endpoints, e.g., particle clearance,
to establish a more complete understanding of the influence

of acute lung infection on responses to pollutant challenges,

**4, Identification of other groups of persons hypersen-
sitive to S04 ‘

Controlled exposure studies are needed to identify
subgroups of the population (besides asthmatics) who may be
hypersensitive to 505.  Possible groups are children, the
elderly, smokers, and persons with chronic bronchitis or
Other forms of chronic obstructive pulmonary disease,
Ethical considerations will strongly influence the design of
such exposure studies, especially those using subjects with
compromised pulmonary function.

**5, Studies of mechanisms of $0»=-induced bronchial
effects

Understanding of the underlying mechanisms of pollution-
induced pulmonary effects is important both for regulation
and in the recognition and treatment of pulmonary disease,
Accordingly, studies need to continue ko delineate the
mechanisms of action linking 803 exposure with pulmonary
tissue response. One area of such study is the stimulation
of smooth muscle activity via the autonomic nervous system
and via cell-mediated release of inflammatory agents (e.g.,
histamine, prostaglandins and leukotrienes). Studies using
pharmacolegic blocking agents (atropine, anti-histamines,

cromolyn) have produced very useful insight into the mechanics

of bronchoconstriction. Animal research has been used
effectively to describe such responses and needs further
develspment and use, Where possible, however, mechanisms
studies need also to be conducted in humans.

CHAPTER XIV. Epidemiological Studies -

**1. Study exposure-response relationshios in foreign
cities with elevated pollutant concentriztions
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Exposures in the U.S, may currently be too low to
establish clear cut exposure-response relationships. However,
many large urban communities outside the U.S. have much
higher pollution levels and provide opportunities for
characterizing relevant human eXposure-response relationships.
The different composition of the pollutant mixture in these
urban areas provides an eopportunity to determine which
constituents make the greatest contributions to any adverse
effects which are detected. With appropriate selection of
study locations, it may be possible to study the relative
impacts of aerosol constituents such as acidity, carbon, coal
fly ash, etc., as well as of S04, NO3 and 03. EPA should seek
Lo establish suitable intergovernmental arrangements for
collaborative studies.

*2. Retrospective evaluation of historic health data

It is believed by many that chronic bronchitis was
common among United Kingdom nonsmokers when particulate
pollution levels were very high, and that it is virtually
absent now that pollutant concentrations are much lower. It
would be highly desirable to document the extent of the
reduction in bronchitis prevalence ameng nonsmokers, and to
relate it to pollutant parameters such as H9804 concentrations,
a likely etiological factor, ©Possible data sources include
general urban health statistics, and/or control pepulations
studied in the course of occupational epidemiological studies,
AY

*3. Develop a system for uniform reporting of hospital

admissions

Hospital admissions data for respiratory diseases in
Southern Ontario were shown to correlate strongly with 03 and
S0 at concentrations within current NAAQS. Such data
resources in U.5, communities could provide useful evidence
for studies on particulates as well as for pollutant vapors,
and such technigues should be developed and refined for future
studies,

VI. RESEARCH NEEDS FOR NITROGEN OXIDES

Re-evaluation of the criteria supporting the NAAQS for
NOp indicates that major uncertainties exist regarding human
health risks associated with this pollutant., The purpose here
is to describe broad research needs for NOz and indicate
those being investigated by EPA.

Research needs are prioritized as follows:



*** Highest priority--very critical need

** High priority--very important need

* Moderate priority=-—-c¢an provide important data
. for supporting standards development

. Major research objectives that must be addressed include
the need to 1) £ill specific gaps in the health data base.
Although many publicatioens on NOs have provided significant
information, they also illustrate the need to obtain additional
critical data for improved risk assessment. For more definitive
risk assessents, it is necessary to perform human concentration
responses studies (including exercising and potentially
susceptible subjects) that use state-of-the-art methodology.

2) Increase understanding of the current data base. Mechanism
studies are needed to improve the scientific bases for risk
assesgsment. Such knowledge will also be extremely useful in
assessing the degree of adversity of observed effects and in
developing future hypotheses for more targeted research.

3) Increase utilization of the current health data base,

The only controelled chronic studies are conducted with animals
and have demonstrated that NO; causes emphysema and a variety
of other alterations., Until such findings can be guantitatively
- @xtrapolated to man (in terms of NO, concentrations and bimes
of exposure), they will réemain causes of concern only to be
used in determining an adequate margin of safety for the NOs
ambient standard. ' .

An expanded discussion of these issues follows with
short descriptions of research needs which pertain to subsets
of these issues., The Committee believes it is necessary to
obtain information on these topics prior to the next five-
year round of re-evaluation of the NAAQS for NOo in 1989, A
few projects are under way as part of ORD's intra- and
extramural research programs, but they do not address the
full scope of research needs for this pollutant.

***]1. Chronic effects

Previous studies have demonstrated that NOz causes
emphysema in several animal species. The EPA's "Cinecinnati
Dog Study," which used 0.64 ppm (parts per million) NO» in
cembination with 0.25 ppm NO, alsc indicated that the effect
was progressive during a two-year clean air post-exposure
period. Unfortunately, there are aspects of all of these
studies that iimit our understanding of the results. Thers
is 2 need to apply modern techniques to characterize the
progression of chroni¢ lung disease morphometrically,
pnysiologically, and biochemically., Additional endpeints of
interest include effects on pulmonary host defense mechanisms
and the immune system., Limited follow-up studies in shorter-
lived animals to develop a more comprehensive data base are
recommended, including studies with NO; and NO alone,
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***2. Epidemiology

Indoor exposures in homes with gas appliances or space
heaters can exceed outdoor peak levels, gStudies on the
prevalence of respiratory infection in children living in
homes with and without gas stoves have found equivocal results,
Future studies involving improved personal exposure measurements
of NOy as well as health effects indices are needed to help to
better understand these results. Improved indoor measurements
of NO, would also be useful in designing chronic animal
exposure studies using realistic exposure patterns,

3. Exposure assessment
***A, Temporal resolution of NO, exposure

A need exists for low-cost portable personal exposure
monitors to measure the real time exposures of human subjects
Lo peak NOy levels that exist in the kitchen environments
of homes with unvented gas stoves and supplementary space
heaters. Current badge and tube monitors de not provide
continuous readings nor do they have adequate sensitivity,

*B. Measurement methodology for nitric acid and
nitrate salts

In ambient outdoor air, a need exists for developing
reliable and routine methods for measuring nitric acid vapor
and particulate nitrate compounds, These waxides of nitrogen
have only been measured in specialized research studies and
appear to be a significant portion of total nitrogen oxides
in several airsheds,

**4. Non-ventilatory pulmonary effects

A major uncertainty is the interaction of NO» with the
respiratory epithelium. Although not yet published, several
researchers in different laboratories are investigating the
development of an inflammatory response in humans following
ozone exposure, and such protocols could be used for NO; as
well, Studies of epithelial integrity should also include
measurements of epithelial permeability rates with a variety
of techniques both in vivo and in vitro. These measurements
may also provide some linkage to mechanisms of change observed
with previously discussed measurements of pulmonary function,
airway sensitivity, and chronic lung damage. For example,
increased epithelial permeability may be associated with an
increased access to irritant receptors, Likewise, repetitive
or long-term episodes of inflammation may lead to chrenic
damage. These linkages deserve further attention.
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**5. Pulmonary host defenses

Many studies have indicated that NO, increases suscep-
tibility to pulmenary bacterial infection. Some studios
have shown effects on viral infection, host lung defense
mechanisms and the immune systems of animals. Since viral
infections are more prevalent than bacterial infeetions and are
likely to be involved in epidemiological observations, emphasis
should be placed on viral rather than bacterial infection studies,
Very little is known about the effects of NOo on particle
clearance dynamics. Recent work showing that NO, expesure at
low levels increased the number of lung metastases from injected
tumor cells points to the need to understand the effects of NO»
on the immune system.. Further research to determine effects of
NOp on host defenses is needed to address these very important
data deficiencies.

**6. Dosimetry

Important questions concerning the pattern of NO» uptake
in the respiratory tract remain unanswered. Understanding
the patterns of uptake are important to extrapelation of
results from animal to man. These studies are potentially
complicatad by the complex chemistry of NOs dissolutien into
water., Studies should include nasopharyngeal removal, studies
of interactions with lung lining fluids, and comparison of
measursments with mathematical models.

*7. Asthmatic pulmenary physiology ‘ -

There ig little information on the acute response of
sensitive populations to NOs. Published clinical studies
were performed on non-exercising subjects at exposures
to relatively low levels (0.1 to 0.2 ppm) for one hour or
less. Pulmonary function studies should be comnducted with
asthmatics that include moderate exercise and somewhat higher
NOp concentrations (0.2 to 0.6 ppm), as these higher levels can
ocrur indoors and at a few outdoor locations, Reports of
changes in airway reactivity after exposure to relatively low
NOp levels warrant further investigation of this phencmenon as
well,

VII. RESEARCH NEEDS FOR CARBON MONOXIDE

CASAC's re-evaluation of the .scientific basis for national
ambient air gquality standards for carbon monoxide has indicated
that uncertainties still exist regarding the human health
risks associated with this pollutant. The following areas of
research would provide better quantitative dose response data
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on which to base future NAAQS and improve onr anderstanding of

the underlying mechanisms responsible for the health effects
of COC.

Research needs are prioritized as follows:

*** Highest priority--very critical need

* & High priority--very important need

* Moderate priority--can provide important data for
supporting standards development

***1. Effects on the cardiovascular system

Studies of patients with severe coronary artery disease
have shown that low concentrations of CO ean adversely affact
myocardial metabolism. Current regulation of CO is based
primarily on studies of patients with angina pectoris from
coronary artery disease. It is assumed that the development
of angina reflects adverse effects on myocardial metabolism,
There is, however, no good avidence to support the validity of
this assumption. Nevertheless, time to develop angina iz a
measurable ogtcome which needs to be defined as precisely as
possible. In view of the questions about the condact of
Aronow's studies, replication is Cclearly indicated. While
some studies will no doubt stick closely to previcus protocols,
a different type of study should also be carried out. This
would focus much more attention on the dose/response relation-
ships in individuals as well as in the group as a whole. By
repeated exposures of individual patients with angina over one
month or six weeks, it should be possible to obtain good data
on variability in time to angina in the absence of CO and from
exposures to say 15, 35, and 50 ppm interspersed at random
with CO-free air. - Each of these concentrations would be
replicated. In each run, COHb (carboxyhemoglobin) percentage
would be measured and used as the index of exposure against
which the time to angina and daration of angina would he
evaluated. A study of this kind would provide reliable
dose-response carves for each individaal. After studying
the individual curves, it might be possible to present a
curve for the groap as a whole,

Objective measures, such as continuoas ECG tracing for ST
depression and arhythmias, measurement of ejection fraction
and left ventricular wall motion, thallium seans, etg. are
desirable wherever practicable.

To the extent that in a design of this kind, each
individual will be used as his own control, it seems that
efforts to obtain a homogeneous group of patients with
angina (at least 50% occlusion of at least one coronary
artery) is much less necesgsary than in the previous Aronow
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type of studies. The possibility of using a far more
representative group of patients with angina is important.
From a regulatory standooint, a dose-response curve rather
than a simple dichotomy would be more useZyl.

The use of the Aronow-Anderson technology to determine
whether the sorts of individuals who are exposed to actomotive
Fellation in large cities have a decrement in exercise
tolerance should be considered. A panel of 100 or more
individuals could have stress electrocardiographic studies in
the morning and following several hours of exprosure to traffic
conditions. Aronow did this as his original study, bhut the
observations should be expanded with a wider variety of
individuals and carefully determined carboxyhemoglobhin
concentrations.

The uase of ambul atory electrocardiography and ambulatory
blood pressure measurement along with breath samples to track
individuals through several actual working days in real
automotive-polluted environments was also suggested. The
Holter monitor ambulatory technigue is probably preferable to
the treadmill study because it measures el ectrocardiographic
events in actual enviromments.

Patients with arteriosclerosis of the arteries of the
lower limbs who develop intermittent-claudicatian are analogous
to patients with angina pectoris, They could be studied in
pPrecisely the same way. There is, at present, no evidence to
say if time to development of pain in the calves is more or
less sensitive and reproducible than time to develop angina,

It would be worth finding oat. .

There are other disease entities that might be studied
to evaluate the effects of CO exposura and increased leveals
of COHb. Patients with anemia may be susceptible to increased
levels of COHb, since CO would further reduce the already
compromised arterial oxygen content of the blood. Patients
with chroniec obstructive lung disease might also be studied
when exposed to a combination of ozone and €O, Previous work
has indicated that, when exposed to ozone, this group has a
small but measurable decrease in arterjal QXygen saturation.
Protoccls might be developed to evaluate the response of
these patients (e.g., exercise performance) to the combined
decrease in arterial oxygen saturation resulting from the
czone exposure with the added decrease in oxXygen=-carrying
capacity of the blood resulting from an inerease in COHbL.
Protocols might also be developed to evaluate the potential
interaction between ambient CO and other air Pollutants.
Studies of such high-risk subgroups, while of interest +o the
anderstanding of the effect of exposures to CO, had lass
obvious immediate relevance to standarad setting. A study of
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sickling in relation to CO concentrations could be dene
rather simply in vitro in the laboratory and would be worth
carrying out,

The CASAC also considered that additional research
related to the effects of CO on maximal work capacity was not
likely to be of much immediate practical use in the getting
of standards. This is not, however, to say that studies of
this kind, both at sea level and at altitude, are not of great
interest in elucidating the mechanisms of action of CO; only
that such studies should have lower priority purely from the
regulatory standpoint.

**%2, Neurobehavioral effects

Neural and behavioral effects of CO have been reported
in healthy young adults with COHb levels as low as 5%. The
observed deficits were in (1) hand-eye coordination (compen-
satory tracking); (2) vigilance {detection of infrequent
events); and (3) visual system sensitivity. While the effects
of 5% COHb were very small, it is worthwhile to reflect upon
the potential consequences of a lapse of coordination,
vigilance and visual sensitivity in the oeperators of machinery
such as public transportation vehicles. Even an acute and
small reduction in behavioral or sensory ability could be
sufficient to cause major accidents. Additional studies are
vital to a thorough understanding of the effects of CO on
these and other aspects of neurobehavioral function.

Such studies should, when possible, include the
determination of dose-effect or dose-respanse curves. While
& number of reports have been published indicating that 5%
COHb produces small decrements in human behavior, extended
dose-response functions are infreguently published. Since
many studies have emphasized COHb levels that appear to be
below the critical effects level, it is perhaps not unusual
that a large number report no effects, Interpretation of
negative studies at low levels would be easier if positive
effects were simultaneously demonstrated at high levels.
Therefore, in order to reduce this source of controversy it
is highly recommended that all studies aim at establishing
reliable, well documented dose~effect functions, with dose
specified in terms of COHb level.

There are other reasons for improving our knowledge of a
continuum of effects, including those occurring at high COHb
levels. It is hard to evaluate costs of behavioral or other
decrements without knowledge of the slope of the functions,
which would give the magnitude of the decrement for each
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increase in dose. The possibility of nonlinear functions
would be important to evaluate for any risk assessment; and,
of course, the scientific credibility of any bodv of knowledge
is vastly increased when parametric data rather than point
estimates are availabple,

It is reascnable to predict that certain subgroups in
the population are at increased risk from the neural and
behavioral effects of elevated COHb. If some individuals are
especially likely to show decrements in neurobehavioral
functioning due to elevated COHb levels, then knowledge of
such sensitivity is extremely important., The censegquences of
such decrements extend well beyond the sensitive individual's
own health to the well-being of those who may be harmed hy
the consequences of such a person's impaired abilities,

Any condition that would reduce oxygen supply ko the
brain is a reasonable candidate for exacerbating the effects
of elevated COHb. A very large subgroup which is kmewn to
have a reduced oxygen supply to the brain is the aged. The
extent of such oxygen reduction is unclear for any given age,
In order to protect older individuals from the possible
consequences of Co exposure, it is important to determine
COHDb threshold levels and dose-effect functions for neuros-
behavioral variables with older subjects, OQther conditions
that might reduce oxygen supply to the brain include certain
cardiovascular and pulmonary pathologies. |

Another large subgroup that may be at special neuro-
behavioral risk from CO exposure ars thaose people who take
either prescription or over-the-counter medications that
reduce alertness or motor abilities, Such. individuals would
be already compromised behaviorally so that any further
impairment due to elevated COHb might have serious conseguences.
Medications that might have behavioral effects include drugs
such as antihistamines, sedatives, antipsychotics, antiseizure
drugs, antiemetics and analgesics. The effects of ethanol,
caffeine, nicotine, and other nenprescription drugs, including
abused drugs, should alse not he overlocked. The widespread
use of substances such as those listed above makes the subgroup
very large indeed. ' ‘

Tt would be desirable to include positive controls
(substances with knowm effects) when studying the effects of
CO on behavior for several reasons. For one thing, inelusion
of a substance such as ethanol would yield information on the
seusitivity of the behavioral procedure to another substance,
Such information would help greatly in interpreting negative
results. It would also allow ane to assess the importance of
any CO effects by comparing them with those of a known
behaviorally-active substance. and, finally, when the second
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substance is given along with CO, it would yield information
on any interaction (e.g., potentiation) between the two
substances,

In extending knowledge about the neurobehavioral effects
of COHb, coordinated performance, vigilance, and visual
functioning are the prime candidates for studies that have
immediate relevance for regulation. It is not implied by
these recommendations that other neural or behavioral effects
should be ignored.

The work on coordinated performance should include
studies that both replicate and extend the existing peositive
studies that point to 5% COHb as the minimum effective level.
Parametric variation of the relevant parameters should he
encouraged in order to increase test sensitivity and to gain
insight into the behavioral mechanisms that are involved in
CO effects.

Investigators of vigilance should be concerned with the
role of signal rate, task duration and any concurrent activity,
All three are variables that themselves interact with many
drugs and experimental procedures in determining task
sensitivity and so may be crucial in determining the effects
of low levels of CoO,.

Studies of visual function shouyld emphasize both retinal
and post-retinal effects of CO, Oxygen metabolism in the retina
is guite high., The electroretinogram (ERG), which reflects
some aspects of receptor function, would prove useful in
studying dark adaptation in both lower animals and man.
Cortical evoked potentials and single unit. recording can be
used to study other aspects of the visual system. And overall
visual function can be measured with great sensaitivity by
using psychophysical methods. Correlated studies of the
underlying physiolegy, pharmacolegy and biochemistry would be
useful.

Some of the behavioral phenomena just described should
be investigated in non-human subjects. In such work one can
(1) achieve higher dose levels for the dose-effect functions:
(2) explore concurrently both behavioral and brain mechanisms
respongible for CO effects; (3) perform chronic studies that
would be impractical with humans; and (4) perform interaction
studies that would be difficult to do in humans (e.g., with
drugs or other toxic substances), Animal studies would
produce background information and leads for future human
research. Extrapolation of conclusions from animals studies
to man would be aided if data are collected on a wider range
of species.



37

**3. Epidemiology Studies

Epidemiological studies to date have suggested the
pessibility that increased mortality from myocardial infarction
{heart attacks) and cardiorespiratory complaints may be
asscciated with ambient concentrations of Co.- Howaver, due
to contradictory results from various studies and various
limitations of existing studies (e.g., inadequate character-
ization of exposure), the question of whethep ambient CO
exposures are related to serious or irreversible cardiovascular
effects and if so at what levels (i.e,, dose-response) remains
unanswered. Given the availability of small and reliable co
personal monitors, it may be possible to design epidemiological
studies to address this question. For example, there is a
need to relate COHb levels in sudden and unexpected coronary
heart disease deaths, particularly in young individuals, ang
to follow panels of high-risk individuals (e.g., advanced
coronary artery disease, c¢hronie obstructive lung disease
and peripheral vascular disease) while monitoring COEb levels,
symptomelogy, morbidity indices, and mortality. There is
alsc a2 need to examine the combined impact (if any) of high
altitude and CO on these same cardiovascular effect endpoints
in an epidemiological study, '

4. ExXposure assezsment
**A. CFK equation validation

The Coburn-Forster~-Xane (CFK) equation needs to be
evaluated for COHb in normal individuals exposed te varying
CO concentrations leading to COHb < 10%. Of particular interest
is the variation of predicted COHb in a population with a
given pattern of CO exposure involving frequent concentration
variaticns.

The distributions of parameters that cannot be readily
measured in a clinical study, such as M (Haldane equilibrium
parameter), Pp0s {alveolar oxygen tension) and Vep (endogenous
CO production rate), can lead to a distribution of the
equilibrium COHR attained by people exposed to the same o
pattern. The Roughton-Darling equation for total saturation
(O2HD + COHD < 100%) makes the equation nonlinear, and its
effect needs to be documented. . -

In addition, the CFR equation needs to. be evaluated for
applications to CO-susceptible subjects with conditieons such
as chronic anemia (high Veg, low HB), coronary arterial
disease, emphysema (low Dro2 2nd Dreg)s abnormal hemoglebins
(Hb Zurich), perinates and necnates (low Hb, high V), etec,
Clinical evaluations of CO uptakes by these CO susceptibles
should be censidered,
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*B. Exposure monitoring and profiles

The state-of-the-art CO parsonal exposure menitors (poM)
today are satisfactory for use by nontrained subjects, and
only minor development needs exist for CO PEMs in contrast to
the urgent needs for NO5 PEMs,

Analyses of the NHANES II COHb data and large urban
scale CO exposure and breath CO studies, performed by EPA/
Environmental Menitoring Systems Laboratory, have looked at
the distribution of CQ exposures and COHb of the general
public in terms of a nationwide sample which defined the
exposure of "normal” people. Results of both studies show
that a small percentage of subjects (a. 1%) who are nonsmokers
have COHb levels > 3% COHb which cannot be explained by their
measured personal exposures to CO or the ambient CO in their
communities (NHANES). It is therefore necessary to begin to
change our focus from sampling randomly chosen "CO normals®
to selectively choosing groups of "CO-susceptible" people for
stratified sampling of their CO exposures and COHbs so that a
more detailled evaluation of their risks can be quantified.
1t is possible that clinical studies may show that the effects
of tissue PO, deficiencies have no threshold for COHb effects
and, therefore, a revised CO standard may be required that is
determined by an acceptable risk level., Specific needs in
this area are as follows:

(1) A careful study of those normal subjects who are
self-declared non-smokers and who have inexplicably high COHb
or breath CO. (2) A standardization of the 20-second
breath-holding end-tidal CO measurement method is required
to correct for the ppm CO in the air of the maximal inhalation
step prior to the breath-holding step, and the differing
values of M, end tidal POy, and PCO; between people who may
have the same 3COHb. The effect of altitude on the end-tidal
CO in breath equilibrium with COHb also needs documentation,
(3) A study of CO exposures of known susceptibles (cardiac
and chronic anemia patients) ils needed for quantifying their
risk from elevated COHb. Such people may unconsciously alter
their behavior to avoid microenvironments which have high Co
exposures. (4) Infant exposures to CO in the first year of
life have been hypothesized as a possible factor in Sudden
Infant Death Syndrome etiology. It would be desirable to
monitor CO exposures in the infants' bedrooms and in their
activities (promenade, in car, etc.) to determine whether or
not there is a seasonal difference or a difference with
maternal smoking level.
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*3. Perinatal effects

The fetuas and newborn infant are pvarticularly susceptible
to CO exposure for several reasons. The fetus has one-fourth
to one-fifth lower oxygen tension in the blood than healthy
adults. The newborn infant also has a comparatively high
rate of oxygen consumption and lower hemoglobin blood oxvgen
transport capacity than mast adults. Ixposure to CO resulting
in CO hypoxia can compromise an already marginal eondition.

The effacts of CO on maternal -fetal relationships are
not well understood. In addition to the fetus and nawborn
infant, pregnant women also represent a susceptible group
because pregnancy is associated with increased alveolar
ventilation and an increased rate of oxygen consumption, which
serve to increase’ the rate of CO uptake from insgpired air., A
perhaps more important factor is that Pregnant women experience
hemodilution with about a 25% decrease in hemoglobin
concentration and hematocrit due to the disproportionate
increase in plasma volume as compared with erythrocyte volume.
Of course, the 5 to 10 percent of Pregnant women who are at
high risk with various Pregnancy complications (suaech as
Pregnancy-induced hypertension, diabetes mellitus, and women
who smoke, are anemic, or malnouarished) are probably even
more valnerabla. -

In humans, studies of fetal development in relationship
to maternal smoking and after birth +to passive smo king should
be continued. Problems arise because the changes which have
been attribuated to smoking may not he due to CO but rather o
some other constituant of the cigarette, for example nigotine.
This problem can be tackled by comparing effects in humans
due to smoXking with effeets in animals produced by CO exposure.
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