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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

The Honorable Lee M. Thomas 
Administrator 

September 30, 1987 

u.s. Environmental Protection Agency 
401 M Street, S.W. 
Washington, DC 20460 

Dear Mr. Thomas: 

OFFICE OF 

THE AOMINIS"fFI-ATOR 

The Clean Air Scientific Advisory Committee (CASAC) has completed 
its assessment of research needed to support the development of National 
Ambient Air Quality Standards (NAAQS) for Ozone and for Lead. This 
report, along with the December 30, 1gs3 report which outlined research 
needs for carbon monoxide, nitrogen oxides, particulate matter, and 
sulfur oxides, is in response to the mandate under the Clean Air Act 
Amendments of 1g77 to provide you with advice concerning research needs 
for ambient pollutants. 

Within each of the major research areas identified for ozone and 
for lead, we summarize the need for the research and assign priorities. 
These priorities represent a continuum since we believe that all of the 
research needs that we have identified are of importance to the Agency. 
For ozone, we have identified research needs in atmospheric chemistry, 
health effects, and agriculture, forests and related ecosystems; for 
1 ead, we have i dent i fi ed research needs in atmospheric processes, ex­
posure, metabolism, and biological and health effects. We have also 
provided recommendations on the design of the National Health and Nutri­
tion Evaluation Survey (NHANES III). Clearly, each research program must 
be structured so that those studies which can determine the importance 
of critical variables and mechanisms are started early and pursued 
vigorously. This places additional responsibility on the Agency's re­
search staff to ensure that timely and appropriate research resource 
allocations are made. It is worth emphasizing that the planning of 
future studies should be integrated with the findings from ongoing 
research. 

The research program which the Committee recommends for ozone can be 
pursued and completed within the next five years at a cost which, while 
relatively large in relation to the current EPA budget for criteria 
pollutant research is relatively modest in relation to the costs of 
current monitoring and control efforts. The research results are almost 
certain to provide a much better scientific basis for the ozone NAAQS 
promulgation in the mid 1990s than that available today. 
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Thank you for the opportunity to present our views on these important 
human health and welfare issues. We request that the Agency officially respond 
to the scientific advice contained in the attached report. 

cc: A. James Barnes 
Vaun Newill 
Craig Potter 
Terry Yosie 

Sincerely, 

'11(4 ~1/----· -
Morton Lipp~ 
Chairman 
Clean Air Scientific 

Advisory Committee 



U.S. ENVIRONMENTAL PROTECTION AGENCY 

NOTICE 

This report has been written <IS a part of the activities of the 
Science Advisory Board, a public advisory group providing extramural 
scientific information and advice to the Administrator and other officials 
of the Environmental Protection Agency, The Board is structured to 
provide a balanced expert assessment of scientific matters related to 
problems facing the Agency. This report has not been reviewed for approval 
by the Agency, and hence the contents of this report do not necessarily 
represent the views and policies of the Environmental Protection Agency, 
nor of other agencies in the Executive Branch of the Federal government, 
nor does mention of trade names or commercial products constitute endorse­
ment of recommendation for use. 
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1. EXECUTIVE SUMMARY 

This is the second in a series of reports prepared by the Clean Air 
Scientific Advisory Committee (CASAC) providing recommendations to the u.s. 
Environmental Protection Agency on research needed to develop and support 
National Ambient Air Quality Standards (NAAQS). The first report, issued in 
December 1983, provided research recommendations on four of the six criteria 
pollutants: carbon monoxide, nitrogen oxides, particulate matter, and sulfur 
oxides. This present report provides research recommendations for the two 
remaining criteria pollutants: ozone and lead. 

The research recommendations for ozone are presented in three parts: 
1) atmospheric chemistry; 2) health effects; and 3) agriculture, forests and 
related ecosystems. Each part is critical to setting an ozone NAAQS. The 
latter two areas are critical in establishing exposure-response relationships 
for the effects that ambient ozone produces. However, without a better 
understanding of exposure profiles, scientists and regulators cannot accurate­
ly estab 1 ish the extent of the effects of ambient ozone exposure on public 
health and welfare. Furthermore, without a better understanding of atmos­
pheric chemistry, we cannot predict either the frequency of excessive 
exposures or the influence of the various sources of the ozone precursors on 
the ambient concentrations. 

The Committee has the fo 11 owing high priority research recommendations 
for ozone: 

Atmospheric Chemistry 

• The Committee proposes two research programs which will help develop 
urban-scale and regional-scale models that can be used for regulatory 
purposes, and which will determine existing and future ozone trends to 
assess the impact of precursor emissions. 

Health Effects 

• Research which emphasizes the identification of ozone health effects 
related to chronic low-level exposures. 

, Population studies linking long-term ozone exposure with development 
of chronic respiratory system damage. 

• Quantitative animal-to-human extrapolation. 

• Interactions of ozone with other air pollutants. 

t Influence of ozone on host defenses against infections and 
neoplastic diseases. 

• Role of inflammation in response to ozone. 
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Agriculture, Forests, and Related Ecosystems 

• Additional exposure statistics research. 

• General physiological/biological process models for crops and 
trees. 

• Comparisons of ozone flux in chambers to crop canopies. 

• Ozone dose-response of major tree species and overall forest 
productivity analyses. 

The research recommendations for lead are presented in four parts: 
1) atmospheric processes; 2) exposure considerations; 3) lead metabolism; 
and 4) biological and health effects. In addition, the Committee has pro­
vided recommendations on the design of the forthcoming National Health 
and Nutrition Evaluation Survey (NHANES III). 

Atmospheric Processes 

• Reassessment of the relative impact of point sources and gasoline 
on ambient air lead. 

• Assessment of the impact of air lead on lead in other media to 
which man is exposed (i.e., food and water). 

• Assessment of factors which determine the transfer of lead from 
dump sites to air and water. 

Exposure Considerations 

• Importance of soil and dust ingest ion in children as sources of 
lead. 

• Bioavailability of lead as a function of particle size and chemical 
form. 

• Contribution of foods to total lead intake, including processing 
and packaging. 

• Contribution of drinking water to total lead intake, including 
water used in food and beverage preparation. 

Lead Metabolism 

• Development of better indices of lead exposure. 

• Biokinetic modeling with special emphasis on the fetus and placen­
ta, as well as bone in both pregnant women and in the elderly. 

• Dietary factors influencing lead absorption. 
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Biological and Health Effects 

1 Continued, uninterrupted support for current prospective studies 
of neurobehavioral effects of lead in children to school age and 
beyond. 

In connect ion with the forthcoming NHANES I II study, the Committee 
urges EPA to consider questionnaire items to aid in establishing if a 
subject's b 1 ood 1 ead concentration is representative of 1 ong-term duration 
of exposure or if it reflects a recent significant incident, and secondly, 
to use the best possible methodology for blood lead determinations. 

II. INTRODUCTION 

A major responsibility of the Clean Air Scientific Advisory Committee 
(CASAC), as established in the Clean Air Amendments of 1977, is to provide 
scientific advice on additional knowledge that is required for evaluating 
existing, or setting new or revised National Ambient Air Quality Standards 
(NAAQS). On December 3D, 1983, the CASAC issued the first of an eventual 
series of reviews intended to eva 1 uate the state of research knowledge 
and needs for criteria air pollutants. This first report assessed five 
generic research needs for such pollutants that included: 1) development 
of a program in air pollution epidemiology; 2) development of a program 
in extrapolation modeling; 3) research relating concentrations at moni­
toring sites to human exposures; 4 ). research relating exposures to dose; 
and 5) responses to multiple pollutant exposures. In addition, the CASAC 
identified research directions and needs for four specific pollutants 
for which it had reviewed air quality criteria documents: carbon mon­
oxide, nitrogen oxides, particulate matter, and sulfur oxides. 

The Committee met on May 21-22, 1987 and July 15, 1987 to discuss and 
identify research directions and needs for ozone and for lead. In this 
present report, the CASAC has reviewed the research recommendations for 
ambient ozone and lead prepared by EPA staff, members of the public, and 
its own members and consultants, and has prepared a set of research 
recommendations for each pollutant with a statement of priorities for 
the next five years. The priorities are based upon the need to address 
scientific issues having the greatest potential impact on setting a NAAQS 
to protect the public health and welfare. 

Research recommendations are identified as first, second, and third 
priorities. It should be noted that the Committee believes that all the 
recommendations presented are of great concern to the Agency. The three 
priorities should be viewed as a continuum. While the recommendations and 
priorities are those of CASAC, we gratefully acknowledge the exce 11 ent 
preliminary work by EPA staff, and contributions from members of the 
public. 



I II. RESEARcH MEEDED FOR FUTURE DECISIONS ON NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR OZONE 

A. Introduction 

While research performed since the last ozone NAAQS promulgation in 
1979 has greatly increased our knowledge of ozone formation and persis­
tence in the troposphere, its effects on public welfare, and its effects 
on human health, major knowledge gaps and areas of uncertainty remain. 
These gaps and uncertainties limit the ability of the Administrator to 
identify the effects which result from various combinations of concen­
tration, exposure time, and ventilation rate, and the degree to which 
some pollutant associated effects are attributable to ozone alone, or 
to ozone in combination with other airborne pollutants. Thus, while 
much is known about ozone exposures and their effects, our current 
knowledge of effects remains incomplete, possibly leading to a promul­
gation of a standard which fails to protect against some adverse effects. 
On the other hand, the use of an overly conservative margin of safety to 
compensate for our incomplete understanding of the effects could lead to 
the promulgation of a standard which imposes very large burdens in society, 
in terms of unnecessary costs of control and/or restrictions on normal 
activities. 

CASAC has approached the identification of research needs in a 
comprehensive manner, and it does not expect all of the needed research 
to be performed or funded by EPA. The Committee recognizes that some of 
the ozone research· needs are being addressed by other sponsors of research 
in the public and private sectors, e.g. National Oceanic and Atmospheric 
Administration (NOAA) in atmospheric chemistry, u.s. Department of the 
Interior (USDOI) and u.s. Department of Agriculture (USDOA) in welfare 
effects, and the Health Effects Institute (HEI) in health related re­
search. While CASAC understands the importance of these other research 
programs, it clearly sees EPA playing a lead role, and having the major 
responsibility for ensuring that all of the important scientific issues 
relevant to standard setting are addressed. 

B. Atmospheric Chemistry 

Because most of the major metropolitan areas in the United States 
still fail to meet the current National Ambient Air Quality Standard 
(NAAQS) for ozone, additional controls on emissions of volatile organic 
compounds {VOC) and, perhaps, nitrogen oxides {NOxl may be required. 
All of the sources that were relatively easy to control are already 
subject to some degree of control. Thus, any additional controls will 
certainly be more expens1ve than previous ones, and they will have a 
significant economic impact on society. For these reasons, it is vi tal 
to know with reasonable certainty the impact that additional controls 
will have on ozone air quality. At present, scientists and regulators 
do not have that information because existing models have not been vali-
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dated. It fi:' also important to analyze emissions and air quality trends 
so to document the improvements in air quality resulting from emissions 
controls. At present, the documentation is inadequate. 

In order to validate the models and document the trends, there is a 
need to develop an integrated, targeted research agenda for ozone. Two 
ultimate goals of these programs should include: 1) developing an 
urban-scale and a regional-scale model which can be used for regulatory 
and planning purposes, and 2) determining existing and future ozone 
trends to assess the impact of perturbations in precursor emissions. 
The CASAC proposes two research programs to a chi eve these goa 1 s, the 
elements of which are described below. In addition, a third program 
relating to a longer-term NAAQS for ozone is presented. 

1. Modeling Program 

a) Conduct sensitivity analyses using existing models to identi­
fy and improve critical model elements - Existing models have 
not been validated, and they can be improved. They can and 
should, however, be used to identify the types of ambient 
measurements needed for validation purposes and to determine 
which assumptions lead to the largest uncertainties. The 
mode 1 s shou 1 d be exe rei sed to determine the sensitivity of 
the results to chemical mechanisms, boundary conditions, VOC 
speciation, VOC reactivity, aromatic chemistry, number of 
monitoring sites and locations, VOC/NOx ratio, upwind and 
aloft concentrations of 03, VOC, NOx and carbonyls, grid 
size, meteorological parameters and other variables •.. Once 
the critical elements have been identified, programs to 
reduce the uncertainty of the model results due to uncertain­
ties in the critical elements should be initiated. Such 
programs will undoubtedly include case (field studies), labor­
atory, and smog-chamber studies. In addition, there are 
several aspects of the models that are deficient and require 
further investigation. These include night time and hetero­
geneous chemistry, reactions involving and/or resulting in 
the production of aerosols, H2o2, HCOOH, PAN, and HN03, 
react ions i nvol vi ng natura 1 hydrocarbons, cloud venting, de­
position velocities as a function of time of day and surface, 
nocturnal jets, inability for the combined use of primitive­
equation model and observations. Methods development for 
H202 should be a high priority because H202 data would help 
test various chemical mechanisms used in. modeling. The 
models should be used to identify additional high priority 
species. 
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b) Develop ambient data bases for model testing and model vall­
dati on - The first issue that needs to be addressed is the 
suitability of exist 1 ng data bases generated from previous 
case studies. If there are any adequate data bases that 
exist, then testing should begin. Perhaps data bases gen­
erated from PEPE/NEROS or other studies are adequate. The 
regional-scale roodel, which incorporates long-range trans­
port, should be applied in the Northeast while the urban­
scale model should be applied in Los Angeles and another 
city in the Northeast. The Southern California Air Quality 
Study (SCAQS), conducted this summer (1g87), was designed 
to generate a data base that can be used to test and validate 
roodels for ozone and particulate matter (PM-10). This data 
base is expected to be ready for use by 1990. Since there 
is such a long lead time required to plan and then validate 
the data from such studies, planning for additional field 
studies should begin as soon as possible. 

c) Improve emission in.ventories - Present evidence suggests 
that the error level 1n the best available estimates of 
existing VOC and NOx source strengths is nearly an order 
of magnitude larger than the magnitude of emissions re­
ductions contemplated in current control strategies for 
03. Consequently, this is a critical element that needs 
improvement. Improved regi anal and urban-seale i nventor1 es 
for NOx and speci ated VOC are needed for the modeling 
and trend analyses, and an improved nation-wide inventory 
is need for the trend analysis. The overall emissions 
inventory should be examined first and uncertainties assigned 
to each category. Subsequent decisions can be made and 
priorities established based on which sources can achieve 
the greatest reduct ion in the overall VOC and NOx emissions 
uncertainty. Some sources deserving priority attention in­
clude present in-use, on-road and off-road vehicles and 
equipment; diurnal, hot-soak. and refueling emissions; small 
stationary sources; restaurants; and marine-related opera­
tions. Also, an accurate inventory of natural VOC emissions 
is needed because current estimates of the flux of natural 
VOC in the northeastern United States are at the same level 
as those from anthropogenic sources. 

d) Run the validated models to determine optimum control strat­
egies -The models should be exercised for a variety of urban 
areas to determine not only the degree of control required 
for attainment, but a 1 so the effect of nitrogen dioxide re­
duct ions on ozone concentrations. Depending on the 1 oca 1 
VOC/NOx ratio, reducing NOx could either increase or decrease 
ozone. 
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2. Trend Analyses Program 

Even if .odels adequately represented real world phenomena, trend anal­
yses are needed because they are the truer measure of progress. In addition, 
it is vital to know how much of the ozone problem is due to man's activities 
and how much is due to nature. 

a) Establish and maintain ambient data bases- EPA needs to insure 
that the stat1ons establ1shed for trend analysis are sited pro­
perly, and not relocated or terminated. 

• Metropolitan ozone sites - The e:x.iSti ng networks are 
probably sufficient. 

• Rural ozone sites - A network of rural monitors needs 
to be established in both agricultural and remote areas. 
The remote sites should be in areas away fran local 
sources so trends in the "background" ozone can be es­
tablished. 

• VOC and NOx sites - Networks of VOC and NOx monitors 
in metropolitan areas are needed. Many of the YOC and 
NOx monitors need to be co-located so that the VOC/NOx 
ratio, which is a critical input for any model, can be 
determined accurately. It is also important that the 
ratio be representative of the area as a whole. In 
addition, periodic measurements of individual VOC species 
at these sites are needed to determine the trends in VOC 
composition. 

b) Trend analyses -·The following trends should be e:x.ami ned: 

• Trends in the ambient concentrations of ozone, nitrogen 
dioxide, and volatile organic compounds by geographic 
area, 

• Trends in the emissions of volatile organic compounds and 
nitrogen dioxide, 

• Trends in ozone adjusted to eliminate the influence 
of meteorological variations. 

c) Background Ozone - Because EPA is considering a 1 ong-term 
ozone standard that is approaching the natural background 
range of of 30 - 50 ppb, it is extremely important that 
this range be documented spatially and temporally, and that 
the sources of the background be quantified. For this effort, 
the following action should be taken: 
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3. 

• A network should be established to monitor the long-term 
trend in background ozone, The siting of these monitors 
is critical. It is important that they be upwind of the 
synoptic-scale region of interest to assess whether the 
regional ozone levels are elevated with respect to the 
upwind values. 

• The relative magnitude of ozone from stratospheric in­
trusions and in-situ photochemical processes in the free 
troposphere needs to be determined, This will involve 
the monitoring of ozone and several stratospheric tracers, 
such as ?beryllium and 90strontium simultaneously, at 
different altitudes in the stratosphere and in the free 
troposphere, as well as on the surface. By examining 
the ratios of the tracers to each other and to ozone, 
and accounting for their natural decay and deposition 
processes, better estimates of these contributions can 
be made. 

• The importance of natural hydrocarbons needs to be de­
termined, This will involve improved emission estimates 
for not only the natural hydrocarbons but for the anthro­
pogenic ones as well. In addition, laboratory experiments 
to obtain kinetic and mechanistic data for the major 
natural hydrocarbons are needed. These data would be 
used to develop improved reaction mechanisms which would 
be incorporated into photochemical models. The models 
would then be tested using appropriate smog chamber 
data. In add it ion, accurate ambient air measurements of 
all the hydrocarbons, natural as well as anthropogenic, 
wi 11 be required. 

Models for Lon -Term Ozone Concentration 

All the modeling efforts described above are designed to predict a 
one day, daytime hourly ozone profile, which could be used to generate an 
8-hr or 7~hr mean if such a standard is implemented. However, there is 
also some thought being given to 1 onger standards such as a 3~month mean 
of the daily 7-hr maximum values. At present, no models exist to address 
such a standard. When and if such a standard is implemented, models will be 
needed. Therefore, work. should begin on the development of such a model if 
it appears that such a standard is likely. 

C. Health Effects 

The effects of ozone on human health have received intensive scientific 
scrutiny. Recent evidence has shown that inhalation of ozone at concentra­
tions near ambient levels produces acute reversible changes in lung func-
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tion. Yet stgnfffcant gaps remain in the health effects data base for ozone: 
effects of l~level chronic exposure, relationships between acute and chronic 
effects, exposure-response relationships, and mechanisms of ozone-induced 
injury identify broad areas that are incompletely understood. The research 
program developed by the EPA has identified many of these major gaps and 
proposed realistic strategies for narrowing the remaining uncertainties. 
Given the wide array of research needs, and the limited resources available, 
the program has appropriately integrated controlled human clinical studies, 
animal toxicology, and/or epidemiology into its research planning. 

The CASAC endorses the EPA efforts to advance ozone health research 
using a broad-based program including both human and animal studies. Al­
though the CASAC is cognizant of the multiple approaches for subdividing 
the broad research categories, it chose to organize the 1 ong-range goa 1 s 
of the ozone research program into three general areas: a) chronic health 
effects, b) acute health effects, and c) mechanistic studies. 

1. Chronic Health Effects 

a) Objective 

The objective of this research is to achieve an improved understanding 
of effects of chronic, 1 ow-level ozone exposure on the respiratory tract. 
At present, knowledge of acute effects following short-term ozone exposure 
is considerably greater than that following long-term, low-level inhalation. 
Several investigative approaches are identified: 

• Chronic low-level animal exposures with endpoints including biochem­
ical alterations, structural changes, alterations in pulmonary func­
tion, or other early indicators of ozone-induced lung disease. 

• Population studies designed to determine whether long-term exposure 
is linked to development of chronic respiratory disease. 

• Measurements of ozone dose and toxic effect in target tissues of 
severa 1 species to enhance the poss i bfl ity of animal-to-man extra­
polation. 

b) Research Needs 

The EPA should give very high priority to those components of its 
research program targeted at identifying ozone health effects related to 
chronic low-level exposures. Generally these efforts should take advantage 
of the findings from recently completely chronic exposure studies before 
developing new protocols. 



First Priority Research Needs 

• Effects of chronic ozone exposure. A major limitation of the 
ozone data-base relates to the limited understanding of chronic 
effects resulting from low-level exposure. The CASAG strongly 
supports studies involving long-term exposure of animals which 
are designed to elucidate the structural/functional implications 
of chronic diseases as determined by lung function, morphology, 
and biochemistry. Although efforts to develop early indicators 
of ozone-induced chronic lung disease are appropriate, it is not 
clear whether useful biomarkers would be developed for use in 
clinical epi demiol ogi c studies of 1 ow-dose oxidant i nha lat ion. 

• The carefully designed epidemiologic study remains the ultimate 
mechanism for 1 inking 1 ong-term ozone exposure with development 
of chronic respiratory system damage in humans. Despite the 
enthusiasm for such studies, the CASAC acknowledges their com­
plexities. For example, the difficulties related to poor docu­
mentation of exposures, the variety of confounding variables, 
and uncertain endpoints have seve rely curtai 1 ed i nterpretat1on 
of such studies to date. Although the CASAC finds the possibili­
ty of using results from autopsies of accident victims interest­
ing and imaginative, the problems of obtaining good tissue rapid­
ly from autopsies, and difficulties in obtaining accurate expo­
sure histories, somewhat dampened enthusiasm for this approach. 
Despite these reservations, the Committee encourages EPA to 
support and encourage studies of human populations in relation to 
chronic lung diseases associated with ozone exposure. 

• Quantitative Animal-to-Man Extrapolation. This is an important 
research area that presents the opportunity to develop dosimetric 
models which allow adequate estimates of dose to specific target 
lung tissues across a variety of animal species. Emphasis should 
be placed on distinct species-specific as compared to across­
species phenomena. Such an approach should enhance application 
of the toxicological data-base to risk assessment. 

2. Acute Effects 

a) Objective 

The objective of this research area is to better understand the 
acute effects of ozone related to intermittent or prolonged daily expo­
sures; in addition, it focuses on the potential connection between acute 
cellular damage to the respiratory tract and subsequent development of 
chronic disease. 
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b) Research Needs 

EPA should continue to assign priority to the controlled clinical 
studies using the environmental chamber facility at Chapel Hill. The 
controlled clinical studies have been remark<~bly productive over the 
past five years in enhancing scientific understanding of acute ozone 
effects on healthy populations 

First Priority Research Needs 

• Health effects of prolonged daily exposures. The CASAC strongly 
endorses the concept of prolonged daily studies, with emphasis 
on the influence of concentration and duration of exposure. 
Such studies should prove instrumental in helping EPA decide 
whether a separate standard using a longer averaging time (for 
example, eight hours) is warranted for ozone. 

• Determin<~tion of factors influencing the magnitude of the ozone 
response. One of the most interesting findings of the clinical 
ozone exposure study is the existance of wide variation in the 
magnitude of response in a healthy population. The CASAC sup­
ports further efforts to characterize the variability of response 
and to identify factors ranging from genes to cells that may 
influence this variability. 

• Relationship between effects of acute and chronic ozone exposure. 
The Committee supports efforts to obtain a better understanding 
of the potential interaction between cellular and 100lecular 
events surrounding damge to the respiratory tissue from -acute 
oxidant exposure and development of chronic pulmonary disease. 
The. Committee recogn.i zes the diffi cu 1 ty of undertaking such 
studies in the absence of valid markers of early injury or 
disease. However, it encourages in vivo studies at the biochemi­
cal <~nd molecular level aimed at aeterm1ning whether acute ozone 
exposed humans respond by producing factors capable of inducing 
inflammation, fibrosis, etc. 

3. Mechanistic Studies 

a) ObJective 

The object fve of such studies is to further e 1 uci date mechanisms 
reponsible for either acute or chronic ozone injury. This goal is broadly 
stated and applies to research recommendations that overlap between acute 
<~nd chronic categories. EPA should continue to give very high priority 
to mechanistic research with ozone ranging from clinical physiological 
studies to the rapidly advancing arena of molecular biology. 

-11-



b} Research Needs 

First Priority Research Needs 

• Interactions of ozone with other air pollutants. There is a 
need to investigate the potential for ozone to interact with 
other co-existing pollutants either in the air or in their 
effects after being taken up in the lungs. The real world 
ratios of pollutants are likely to be an influencing factor 
in provoking a potentiation of airway response. The few studies 
conducted t'n this area have not been highly rewarding, and this 
emphasizes the need for studying exposure-response curves rather 
than effects of single pollutant concentrations. 

• Influence of ozone on host defenses against infectious and 
neoplastic diseases. Effects of ozone on viral infections are 
not well understood .and studies of host-defense mechansims in 
both animals and humans are needed. There is also a need to 
better understand alterations in the immune system following 
both acute and chronic ozone exposure. In contrast, the CASAC 
has expressed 1 ess enthusi .asm for studies designed to examine 
host defenses against "neoplastic disease". If the relationship 
between ozone exposure and neoplasia should be strengthened, then 
such studies would warrant a much higher priority. 

• Role of inflammation in response to ozone. Inflammatory process­
es have been 1 inked both to development of chronic lung disease 
as well as the acute development of airway hyperreactivity. The 
use of new clinical tools such as broncho-alveolar lavage in 
efforts to ev.aluate acute responses to ozone is a promising 
research opportunity.- Inflammatory events may serve as a poten­
tial link between acute and chronic health effects resulting from 
ozone exposure. However, the Committee emphasizes the need for 
animal models to validate lavage findings and predictions of 
1 ong-term effects. 

Second Priority Research Needs 

• Ozone molecular mechanisms of action. The Committee encour­
ages studies aimed at elucidating the molecular mechanisms of 
ozone effects. However, it notes that while specific probes 
for studying molecular mechanisms are rapidly evolving, their 
current applications have yet to be demonstrated. 

• Methodology development. There is a need for further method 
development, including physiological techniques to assess small 
airway function, monitoring of individual exposures, and statis­
tical design and analysis, However, in some circumstances, such 
development would best be undertaken by other agencies with even­
tual application in EPA laboratories. 
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t Infl~nce of ozone exposure on inhaled particle dosimetry. 
Alterations of dosimetry induced by ozone inhalation should 
prO¥~ useful in the extrapolation modeling process. 

• Studies on the attenuation of ozone effects. Further evaluation 
of the biochemical, inflammatory, and morphologic changes asso­
ciated with the well recognized phenomena of adaptation has 
merit. The influence of pharmacologic agents on the phenomena 
of ozone adaption warrants investigation. 

• Responses of human bronchial and alveolar epithelium to ozone. 
Permeability of the pulmonary ep1theli al barrier is increased 
after ozone exposure. Further studies of changes in permeability 
from the nose to the alveolar level are encouraged in both 
laboratory animals and humans. 

Third Priority Research Needs 

• Identification of groups potentially at risk from ozone exposure. 
This is of obvious importance in protecting populations from 
ozone exposure but can best be investigated by studying factors 
influencing the magnitude of response. 

• Genotoxic, carcinogenic, and co-carcinogenic effects of ozone. 
Although the influence of pollutant exposure on the development 
of cancer is of concern, it is not currently an area that warrants 
a higher priority because of the present lack of data on associa­
tions between ozone and cancer. 

• Extrapulmonary effects. The Committee is not convin~;ed that 
ozone studies targeted to effects beyond the respiratory tract 
should represent a major focus of the research program. 

D. Agriculture, Forests, and Related Ecosystems 

1. A9ri culture 

a) Objectives 

The objective of research on the effects of ozone on agriculture is to 
improve the efficient evaluation of olternat1ve secondary ozone ambient 
air quality standards. Broadly speaking, this requires: 

• Accurate information as to the form of the standard that will 
best characterize the relationship between ozone and relevant 
measures of damage to crops and other important vegetation. 
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• Accurtte and comprehensive information as to the pnysical, 
ecQIWIItc and social importance of ozone impacts on vegetation. 
What crops are affected; how much physical damage occurs; what 
is the economic and social importance of this damage and to 
whom, where, and when; and what is to be considered "adverse"? 

• Provide general i zab 1 e understanding and modeling of the ozone­
crop-welfare impacts' relationships that will provide the basis 
for updating the evaluation of the standard and stimulating 
methods to prevent and mitigate damage. 

• Providing information in the most cost effective manner. 

b) Research Needs 

The National Crop Loss Assessment Network (NCLAN) has been an 
intensive, coordinated research effort sponsored by EPA and is now 
nearing completion. This program has developed a wealth of data. EPA 
should give first priority to a complete evaluation of the results of 
this research and related efforts supported by U.S. Department of 
Agriculture (USDA). The new information obtained and the remaining gaps 
in knowledge should be identified. Given the k.nowledge provided by 
NCLAN, EPA should identify the additional information needed to evaluate 
the current standard and support recommendations for modifications, 
where appropriate. 

First Priority Research Needs 

• Additional Exposure Statistics Work. In order to set effi-cient 
but not overly complicated standards, two lines of research are 
needed: 

(1) Examine alternative characterizations of exposure to ambient 
ozone and their effects upon crop yield. NCLAN focused upon 7-
hour and 12-hour average exposures, but peak. concentrations may 
be of more concern. Additional investigations should consider 
exposure characteristics in terms of duratiQn, frequency, peak 
concentration, and maturity of plants. -· 

(2) Explore the relationship between patterns of ozone exposure 
and c11mate in different geographic regions and the response of 
vegetation. Different dose characteri sties may best represent 
the scientific relationship between ambient ozone and crop 
yield for different regions,- but they may be overly complex for 
standard setting. Therefore, generalized ozone dose-response 
relationships satisfactory for a range of environmental condi­
tions should be developed for the most susceptible crop plants. 
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As a· .natural consequence of addressing alternative exposure 
measures in the dose-response relationship, the functional fonn 
of the relationship must be simultaneously addressed, although 
emphasis on this is in the second priority of research pursuits. 
This is because once general functional fonns for the dose-res­
ponse. relationship are determined, refinements tend to have only 
a small impact on the physical and economic assessments. 

• General physiological/biological process models. General process 
models are required concerning susceptibility and resistance to 
ozone. This provides explanations for dose-response relation­
ships found and a basis for development of genetic lines of 
plants that can maintain satisfactory yield and quality at 
ambient levels of ozone, as it may be well into the next century 
before ambient levels decrease. This will reduce the need to 
repeat exposure studies for each new variety of crop. 

• Accurate exposure data. Accurate monitoring infonnation is 
needed on the concentrations of ozone and their variation with 
time in agricultural regions. Very limited ozone data is avail­
able for major agricultural regions. Often this data is the 
estimated growing season average based upon distant monitors. 
Improved data bases of multiple characteristics of exposure 
conditions throughout the growl ng season are needed to improve 
the application of dose response functions to better estimate 
yield losses and their resultant economic impacts on a more 
site specific basis. 

• Flux comparisons. Compare flux of ozone to crop canopies fn the 
field and in chambers used in the NCLAN program. The specific 
objective would be to detennine whether fluxes in chambers, 
given the patterns and rates of air movements there, are similar 
or different than fluxes of ozone in the field, given the patterns 
and rates of air movements found in the regions where crops are 
grown. This effort would have to be undertaken for three seasons 
to encompass different climatic conditions and should be perfonn­
ed for those crops previously studied by NCLAN. 

Second Priority Research Needs 

• Additional dose-response studies on selected key high-valued 
crops in selected regions. The NCLAN program analyses are most 
applicable to major crops and growing conditions in the mid west 
and selected other locations. Additional dose-response analyses 
for the same crops in other regions and for key regional crops 
are needed to broaden the basis for eva 1 uati ng the current 
secondary standard. 

-15-



• Analysis of mitigation effectiveness, costs and implementation. 
chemical protectants and mitigation behavior, in terms of develo­
ping and producing resistent crop varieties, may potentially 
reduce ozone induced crop yield losses at low cost. Additional 
studies on the costs and effectiveness of these actions are 
merited to reduce the burden of ozone impacts and ozone control. 

• Improved economic assessment. The NCLAN program, and other work 
at EPA's Office of Air Quality Planning and Standards (OAQPS) 
and the California Air Resources Board (CARB), have signif­
icantly increased the reliability of national and regional 
economic assessments. However, the models are still sensitive 
to many key inputs and assumptions which can be readily address­
ed. Model refinements important to pursue include: 

- Adding more crops, especially regional crop~. 
Sensitivity of results to omitted crops assumptions. 

- Rerunning dose-response and economic model with improved 
rural ozone data. 

- Additional model development to deal with government 
subsidy issues, international trade, sensitivity analy­
sis on economic inputs and assumptions on demand elasti­
cities, substitution activities, etc. 

- Expansion of the issue of what is an "adverse" impact. 

• Urban ornamentals. Urban ornamentals are exposed to significant 
ozone levels and may be associated with significant welfare 
1 oss. Initial assessments of damage magnitudes are warranted 
for grasses, bushes, and trees. If damages are potentially 
large, then longer-~erm research should be planned. 

Third Priority Research Needs 

• Genetic control of pollutant susceptibility. NCLAN and other 
research efforts have generally addressed ozone impacts with the 
most intensively-used cultivars of key crops. Breeding for im­
proved yield and harvesting characteristics continually produces 
new cultivars with unknown pollutant susceptibility. Better un­
derstanding of how susceptibility to injury and yield reduction 
by exposure to ozone is inherited would enable the inclusion of 
pollutant susceptibility in the list of desirable characteristics 
used in breeding new crop cultivars. 

2. Forests 

a) Objectives 

Currently, there is a substantial research program supported by EPA, 
the u.s. Forest Service (USFS), the Electric Power Research Institute 
(EPRI), and the National Council on Air and Stream Improvement (NCASI) 
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concerning tree response to acid rain and related pollutants including 
ozone. This program is coordinated under the National Acid Precipitation 
Assessment Program (NAPAP), which is required to provide an overall 
assessment by the year 1990. 

Current short-term research efforts of NAPAP will provide a basis 
for a first-order evaluation of tree response to pollutants. Given the 
perennial nature and longevity of trees, their close association with 
climatic factors, and the likelihood that emissions of precursors of 
ozone and acid rain wi 11 continue into the next century, we recommend 
that EPA focus upon developing a long-term program of research on forest 
response to pollutants, including ozone. 

The aim of the EPA long-term program should be to extend the initial 
efforts of NAPAP and provide a more thorough and extensive eval uat1on 
than can be obtained from a short-term research program. The EPA research 
plan should provide for interim changes in emphasis because the assessment 
to be completed in 1990 will undoubtedly provide important guidelines 
for future research. The plan should provide for a coord1 nated progrUI 
of research on effects of ozone and other long-range transported pollu· 
tants on forests to insure continuity of effort over a period of at least 
ten years. 

b) Research Needs 

The needs specifically identified in this section are long-term 
research directives. 

First Priority Research Needs 

t Exposure statistics. Given the perennial habit of trees and 
their close dependence on edaphic and climatic conditions, 
quite different exposure statistics may be required to protect 
forests against injurious effects of ozone and other pollutants. 
This work will take a long time period to resolve because it 
must take into account cumulative effects and the capacity of 
trees to recover from stress. 

t Ozone dose-response of major tree species and overall forest pro­
duct1vi ty analyses. Dose-response relationships between ozone 
and other long-range transported pollutants and trees need to 
be developed using field chambers on whole trees and/or on 
branches of mature trees. These, too, will have to be long-term 
studies because the effects of competition, and different edaphic 
and climatic conditions on growth, development, competition, 
and reproductive success need to be estab 1 i shed. These 1 ong­
term studies a 1 so need to address the effects of air pollution 
impacts on trees upon the entire forest ecosystem in a unified 
approach. 



• Generalizable tree physiological models. Physiological models 
have greatest potential for predict ion of effects over long 
time periods. To be of greatest value, they should be linked 
to models of climate change and geochemical cycling of elements. 
Model development is a difficult undertaking and requires a 
substantial multidisciplinary effort. Therefore, this research 
requires secure funding over a substantial period of time. 

Second Priority Research Needs 

• Economic model development. This includes considerations of 
forest productivity and succession, aesthetics and non-timber 
service flows from forest ecosystems. In the 1 ong-term, this 
analysis requires a comprehensive and integrated forest ecosystem 
valuation framework. Work should also extend and integrate 
available regional timber models, account for different timber 
quality and design sensitivity analyses of the economic models. 
This research must be closely 1 inked to the other research 
efforts because it is dependent on them for accurate inputs. 

c) Short-Term Research Initiatives 

While the most important focus should be upon long-term initiatives, 
several short-term initiatives already underway or planned that CASAC 
supports. These include, but are not limited to: 

• Characterization of the resource at risk. Mapping of forest 
resources against ozone levels and current information/hYPO­
theses about tree species sensitivity to assess the resource at 
risk are used as a tool that can be updated and improved as the 
science developes. These efforts are underway at EPA, the 
California Air Resources Board, the National Park Service and 
elsewhere. 

• Retrospective study. A resurvey of the San Bernardi no Nationa 1 
Forest to validate projected impacts, trace long-term tree 
impacts and succession, validate or reject hypotheses and review 
other forest ecosystem impacts would provide substantial insight 
in developing long term direction. 

• Preliminary economic studies. These studies are underway under 
the NAPAP program and will provide useful information upon 
which to develop long-term analyses. 
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IV. RESEARCH NEEDED FOR FUTURE DECISIONS ON NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR LEAD 

A. Introduction 

Since 1977 there has occurred a steady downward trend in atmospheric 
lead concentrations along with a similar downward trend in the lead 
burden of adults and children. Although both of these trends are impres­
sive, concerns about the impact of lead on human health remain a valid 
scientific and public policy issue. This is mainly because of recent 
epidemiological evidence that adverse effects occur at levels of exposure 
previously thought to be safe. In short, lead exposure is declining 
while perceptions and evidence of what constitutes a safe level of ex­
posure are also shifting downward. The implications of this development 
for future directions of research are substantial. For exposure issues, 
the current major contributions to total lead intake are quite different 
than previous data indicated, at least as applies to the general popula­
tion. Since scientists and regulators have indentified biomedically 
adverse effects within the usual range of human exposure, EPA needs 
better information on which media and sources to target for further 
reduction in human exposure. 

Further lead exposure reduction may not prove to be equally fea­
sible or sufficient to prevent harm to certain populations at risk, 
notably the fetus. Information, therefore, is needed concerning the 
circumstances (apart from high lead exposure) which result in adverse 
effects in certain individuals but not in others, e.g. unusual patterns 
of lead absorption and deposition. 

The Committee discusses these and other issues in approximate order 
of their urgency and importance, bearing in mind the regulatory role of 
EPA. It strives to make research recommendations to better inform the 
Agency's decisions on whether to take further regulatory actions to 
minimize the risk of adverse health effects due to lead. 

Finally, EPA staff requested the Committee to present recommenda­
tions concerning the design of the forthcoming National Health and Nutri­
tion Evaluation Survey {NHANES III). The earlier NHANES II survey, 
completed in 1980, proved to be a valuable resource for identifying 
health effects of lead fn the general population that were not widely 
understood at that time. In developing its recommendations, CASAC recog­
nizes that any broad-based survey e.g. NHANES, has competing scientific 
needs and priorities to reconcile. The Committee has relied heavily upon 
the OAQPS staff paper and the EPA Air Quality Criteria Document for Lead 
as source documents for this activity. 
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B. Atmospheric Processes 

The phasedown in the sale,of leaded gasoline has probably been the 
major contributor to the accompanying reduction in ambient air levels of 
lead. The specific extent to which this is true has some remaining 
uncertainties since other regulatory actions have been in effect during 
the same general time period. Basically, this has been a matter of 
enforcing regulations which limit the emission of lead from point sources 
to achieve and maintain ambient air quality levels at or· below 1.5 ug 
1 ead/m3. The Committee urges EPA to reassess the relative impact of 
various point sources and of leaded gasoline on general ambient air lead 
con cent rat ions. As one means of implementing this recommendation, EPA 
should consider the use of existing, or the development of new, tracer 
techniques. 

EPA's regulation of ambient lead has exclusively focused on inorganic 
lead, although it is known that alkyl species of lead exist in the environ­
ment. Alkyl lead is released from sources such as the use of tetra-ethyl 
lead (TEL) in rrcbile sources. Inorganic lead can be alkylated in the 
environment. Little is known of the distribution of alkyl lead, its 
concentrations in ambient air, or the processes of bioalkylation. Because 
of the substantial tox1 city of alkyl 1 ead compounds, additional research 
on these topics is useful. 

Sampling sites should include areas in the immediate vicinity of 
major stationary sources such as primary and secondary lead smelters, 
battery plants, and other sources such as municipal waste incinerators. 
Such sites should be distributed around the country to capture different 
climatic and geographic conditions. 

The above recommendations have high priority, but the impact of lead 
emissions on total lead concentrations in various media is an equally 
important issue. Current estimates relating air lead concentrations to 
surface soil and dust lead levels are derived mostly from older studies 
with no site-specific indication of whether the trends are upward or 
downward. A series of measurements are needed, over time, in various 
locations to assess the impact of changes in lead air quality and particle 
size on soil and dust lead pools and other sources (e.g., snow) of depo­
sited lead accessible to children, and the turnover rate of lead in 
these media. Sites selected for study should include areas where the 
total lead concentration is both high and low. This is necessary in 
order to identify the role of atmospheric contributions and compare it 
with other pathways. 

Because of their relevance to deposit ion processes, more attention 
should be given to the measurement and characterization of lead particle 
size distributions. It is also important to determine the chemical 
compostion of both the lead-bearing particulates and the chemical form of 
the lead in the matrices. Such investigations would provide a basis for 
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tracing the source(s) of lead in the air using fingerprinting techniques 
and would assist biologists researching the bioavailability of lead as 
it relates to chemical composition. 

EPA already is confronted with the need to make decisions concerning 
the disposal of lead-contaminated soil and refuse. There is a pressing 
need for more information about the transfer of lead to the general 
environment from dump sites vi a ground water and air. Such information 
would greatly aid in establishing criteria for identifying those dump 
sites having minimal input on human exposure to lead. 

First Priority Research Needs 

The following recommendations are assigned approximately equal, 
first priority. To the extent that is necessary to implement these 
recommendations, EPA should consider developing new tracer methodologies. 

1 Reassessment of the relative impact of point sources and 
gasoline on ambient air lead. 

1 Assessment of the impact of air lead on lead in various media 
to which man is exposed, with special emphasis on food and 
water. 

1 Assessment of factors which determine the transfer of lead 
from dump sites to air and water. 

Second Priority Research Need 

1 Studies concerning the concentration, speciation and sources 
of alkyl lead in ambient air. 

c. Exposure Considerations 

It is especially important to quantify the amount of dust and soil 
that young children ingest through hand-to-mouth activities in various 
settings and to examine in detail the factors that influence lead exposure 
through this route (e.g., household dust lead levels, parental occupa­
tions, housekeeping practices, thumb-sucking, finger licking and nail 
biting tendencies, and child-rearing practices.) 

Bioavailabilfty of ingested lead (and of inhaled lead) is another 
issue urgently in need of intensive investigation. Estimates of the 
impact of soil lead concentrations on the blood lead of young children 
have varied widely from one study to another. Essentially nothing is 
known, however, about the reasons for these discrepancies. In the absence 
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of more specific information it is difficult, if not impossible, to make 
rational site-specific decisions as to maximum safe limits of lead in 
soil or dust. The influence of chemical and physical characteristics of 
lead in soil and dust on bioavailability, therefore, needs to be thoroughly 
investigated. 

Given the growing data base identifying lead-contaminated soil, and 
both interior and outdoor dust, as major remaining exposure sources for 
children (especially in older urban areas), it is increasingly important 
to determine the most effective soi 1-1 ead abatement protocols. These 
abatement protocols should include evaluation of removal of lead-based 
paint and lead-contaminated street and house dusts, as well as lead­
contaminated soil. 

Although a great deal of information .is available concerning human 
exposure to lead from multiple sources, much of it may no longer be 
valid, particularly if gathered a decade ago or more. Changing technology 
(e.g. food packaging), eating habits, and reduction of lead emissions 
may have substantially altered the relative importance of the various 
sources, as well as the level of total intake. A reassessment of. exposure 
needs to be undertaken in order to properly identify the most promising 
strategies aimed at further reduction in human exposure. 

Because harmful effects from lead exposure have been observed at 
relatively low levels, particularly to the fetus, the relative contribu­
tions of various sources, under normal conditions of intake must not be 
overlooked, EPA should work with the Food and Drug Administration to 
evaluate the means by which lead significantly enters the classes of 
foods which contribute most to total dietary intake, beginning with the 
raw products and ending with the fully processed and packaged products. 

Studies are also needed to determine how much lead derived from tap 
water is consumed by various segments of the population (e.g. children 
and pregnant women). This effort should take into account the use of 
water for food and beverage preparation, in addition to water which has 
remained overnight in p 1 umbi ng. Such water contains considerably more 
lead than water drawn after the plumbing has been flushed. 

In connection with the forthcoming NHANES III study the CASAC urges 
EPA to consider· questionnaire items to aid in establishing whether 
the subject's blood lead concentration is representative of a fairly 
constant long-term exposure history or whether some recent significant 
change in exposure is to be considered in interpretation of the data, e.g. 
recent interior renovation of an old residence which had been grossly 
contaminated with lead-base paint. Second, NHANES planners should consid­
er the importance of using the best possible methodology for blood lead 
determinations, given the low concentrations and relatively narrow range 
which will likely be encountered. 
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First Priority Research Needs 

All of these are assigned first priority, although EPA's responsi­
bility is uncertain in some cases. 

1 Detennination of the importance of soil and dust ingestion 
as sources of lead exposure in young chi 1 dren, taking into 
account social and other factors that influence such i nges­
tion. 

1 Bioavailability of lead, particularly in soils and dusts 
as a function of particle sizes and chemical form. 

1 Reassessment of the contribution of foods to total lead 
intake, including the contributions attributable to food 
processing and packaging. 

1 More detailed detennination of the contribution of drinking 
water to total lead intake, including water used in food and 
beverage preparation. 

D) Lead Metabolism 

Past studies of the relationships between dose and effects of lead 
in man have relied almost exclusively on whole blood lead as the index of 
dose. Scientists now recognize that this index has shortcomings. It 
reflects only recent exposure, and it does not bear a linear relationship 
to concentrations in tissues or at receptors, e.g. ALAD. Thus, de~elop­
ment of better biomarkers of human lead exposure and techniques for 
measuring lead concentrations in biological media are needed. X-ray 
fluorescence instrumentation for in vivo measurement of lead in mineral­
ized tissue appears promising and ought to be further explored. This 
should include investigations of novel biomarkers of dose. As an example, 
kidney and brain tissue contain a unique lead-binding protein which may 
be of diagnostic interest to assess toxic manifestations of lead exposure. 
Development of a radioim111.1noassay for detection of this protein in bio­
logical fluid specimens such as urine is underway. This is particularly 
important since current biomarkers are either inadequately sensitive 
(e.g. erythrocytic protoporphyrin) or are not readily amenable to field 
investigations (e.g. ALAD). 

There is also a need to develop better methods for monitoring 
fetal lead exposure across the full period of gestation. This is a 
challenging problem requiring some innovative ideas and the use of more 
appropriate animal models of human pregnancy than rodent species e.g. 
perhaps sheep and subhuman primates. 

Better understanding also is needed of the impact of bone resorption 
in old age on the concentration of lead in blood and, more importantly, 
at lead-sensitive sites. Thus, biokinetic modeling of lead metabolism 

-23-



must include detailed attention to the significance of bone stores of 
lead, particularly in situations where calcium mobilization occurs, i.e. 
pregnancy, lactation and old age. 

The question of how various dietary constituents affect lead absorp­
tion and tissue distribution in man is very poorly understood, not only 
in the general population, but in special risk-associated groups (e.g., 
children; pregnant, lactating, or postmenopausal women). Specifically, 
the effects of varying levels of calcium, iron and, perhaps, of high 
sulfur in the diet may be of particular relevance. 

First Priority Research Needs 

• Development of better indices of lead exposure, notably 
lead in hard tissues and circulating lead-binding proteins. 

• Biok.inetic modeling with special emphasis on the fetus 
and placenta, as well as bone in both pregnant women and in 
the elderly. 

• Dietary factors influencing lead absorption. 

E. Biological and Health Effects 

1. Developmental Effects 

Recent epidemiological evidence reinforces and extends the conclusion 
that the early stage of human development is an especially critical period 
for deleterious effects of low-level lead exposure. Findings· from 
prospective studies in Boston, Cincinnati, Port Pirie (Australia), and 
Cleveland indicate that disturbances in fetal development, as well as 
postnatal neurobehavioral development, may occur at lead exposure levels 
well below those previously considered "safe" or even "normal". The most 
clearly identified effect thus far has been lower scores on the Mental 
Deve 1 opment Index of the Bayley Sea 1 es of Infant Deve 1 opment, a we 11-
standardized test of infant intelligence. Other developmental endpoints 
such as shorter gestational age and lower birth weight have also been asso­
ciated with prenatal lead exposure in many of these studies. 

Results of these studies to date suggest that adverse effects 
resulting from prenatal exposure may be largely irreversible, at least 
within the first 2 years of life. Ongoing prospective studies, therefore, 
should be continued without interruption, at least to the age at which 
school performance can be properly evaluated, and even on to puberty. 
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Additional prospective studies of the effects of lead on pregnancy 
outcomes a 1 so are needed, focusing on such unresolved issues as whether 
fetal exposures at maternal blood lead concentrations higher than in 
current studies result in correspondingly greater ad verse cognitive 
outcomes, or whether different (or additional} adverse effects emerge. 
Although of ~onsiderable interest, such studies would be of lesser 
importance than additional studies at current general lead exposure 
levels, examining the impact of lead exposure when combined with other 
factors known to carry a risk for adverse_fe~a;!-tqt.~,tc:omes,~~"\i:!!i~b~_tes. 

Because so little is known regarding the mechanism whereby lead acts 
to compromise fetal deve 1 opment, the Committee_ is uncertain a:; to what 
specific measurements should be recommended for inclusion in "ft'KANES III 
that would add to current knowledge regarding the effects of lead on 
pregnancy outcome. It urges that those designing the study consult with 
qualified reproductive endocrinologists and reproductive toxicologists 
to develop recommendations concerning possible neuroendocrine measurements 
that would be useful in assessing adverse influences on fetal development. 
Also, developmental psychologists currently studying the effects of lead 
on postnatal neurobehavi ora 1 deve 1 opment should be asked to review any 
currently proposed battery of psycho 1 ogi cal and neurophys iol ogi cal tests 
for the purpose of recommending additions or modifications that would 
enhance their utility in furthering knowledge regarding adverse effects 
of lead exposure. 

Numerous animal studies currently in progress are aimed at gaining 
a better understanding of mechanisms ~'D}L wltl-ch · lea<~>! ,adversel.)'- affects 
neurobehavior. Most of these studies focus on electrophysiological, 
neurochemi ca 1 and behavioral endpoints. These should continue to be 
supported, but the Committee recommends that more emphasis be placed on 
neuroendocrinological influences on brain development and function, and 
on the reversibility of adverse effects. 

There are large information gaps 'regarding th~--d'o~.:r~esponse' ~el a­
tionships of chronic alkyl lead exposure in t.he general population 
(particularly pregnant women and infants}_ us\~- measures, _of ,..,subt_le 
neurobehavioral or other effects. Although it seems un1ikely that alkyl 
lead is harmful at the concentrations 1 ikely to occur in general ambient 
air, this judgment is based on occupational exposure rather than on 
exposure of fetuses and infants or animal models thereof. Appropriate 
animal studies should be undertaken to establish the relative potency 
of chronic alkyl lead vis a vis inorganic lead using sensitive indices of 
effects. ---

2. Cardiovascular Effects 

As discussed in the recent addendum to the EPA Air Quality Criteria 
Document for Lead (1986}, a growing body of literature suggests that low 
level lead exposure has both direct and indirect effects on end-arteriolar 
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smooth muscle contractility and cardiac function, and thus essential 
hypertension may be causally related to chronic 1 ow-level lead exposure, 
though this is far from certain given the small effect reported (approxi­
mately 2-7 mm Hg per 15 ug Pb/dl in blood). Nonetheless, a better under­
standing of the health implications of lead effects on the cardiovascular 
system is needed since a large number of people are potentially at risk. 
Prospective human studies would be desirable in principle, but the power 
of such studies would need to be carefully evaluated. Although a study 
of the morbidity and mortality implications of the hypertensive effects 
of lead also would be desirable, the feasibility of obtaining useful 
studies is questionable. 

Studies in experimental animals and studies conducted in occupa­
tional exposed workers strongly suggest that the blood pressure effect 
occurs only within a rather narrow range and that, in fact, 1 ead may 
have a hypotensive effect at exposure levels somewhat above the range in 
the general population. It is, therefore, important that future epidemio­
logical studies should be designed to include a wide range of lead 
exposures. Future animal studies should be directed toward gaining a 
better understanding of the mechani sm(s) underlying the hypertensive 
effect of lead, particularly in regard to the effects of lead on the 
second messenger functions of calcium. 

The Committee is pleased to note that the forthcoming NHANES I II 
study will include a determination of cadmium concentrations along with 
lead since the vasopressor effects of lead and cadmium may be additive. 
It is the Committee's impression, however, that blood cadmium has never 
been shown to correlate well with toxic effects. Perhaps cadmium metallo­
thionein (CdMt) in serum would be better than elemental Cd concentrations 
as a biomarker. It is our understanding that a sensitive radioimmunoassay 
for CdMt has been developed; Cadmium experts should be consulted. 

3. Other Effects 

The two most currently significant health effec::t issues are those 
relating to growth and development in children, and to hypertension in 
adults. These appear to be critical effects, using the term "critical" 
to denote "most lead-sensitive". If this belief is correct, further 
reductions in lead exposure should serve to decrease the risk of other 
adverse effects to which man may be less or equally sensitive. More 
information is needed regarding the significance of other effects, parti­
cularly in subpopulations other than those already identified as being 
most sensitive to neurobehavioral and cardiovascular effects. As an 
example, old people are a separate subgroup peculiarly sensitive to 
factors which contribute to the development of osteoporosis. The impact 
of lead on the incidence and severity of osteoporosis needs more attention. 
Again, some valuable information in this regard may emerge from the 
NHANES III study, particularly if cadmium exposure can also be effective­
ly assessed. Cadmium has been shown to induce bone resorption and 
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osteoporosis in postmenopausal women, particularly in conjunction with 
Vitamin D deficiency. A major contributing factor may be the fact that 
cadmium accumulates in the body with age to an even greater degree than 
lead. Further, there is evidence that lead also has toxic effects on 
bone development. Admittedly, the evidence is very limited and has 
focussed mainly on young children and young experimental animals. Pos­
sible additive effects involving lead and cadmium should be investigated. 
This should include studies of the toxicokinetics of skeletal lead, 
including the influence of age (See discussion under Lead Metabolism). 
In this context, NHANES III should consider including a sufficient number 
of old people to establish whether a significant lead problem exists. A 
meaningful measure of vitamin D status is also important, serum 1,25 
dihydroxycholecalciferol in particular. 

Numerous studies have reported effects of lead on the immune system, 
and a small number of studies report an association between lead and can­
cer. No convincing evidence has surfaced, however, suggesting that lead 
is a human carcinogen or that it has any role in the etiology of other 
diseases involving the immune system. EPA should consider convening a 
small group of immunotoxi cologi sts and experts in oncogenic toxicology 
to jointly examine whether current information identifies any particular 
sub-population in which a special risk may exist involving the effects 
of lead on the immunological system and the sometimes-related cancer 
endpoint. 

Although the scientific literature identifies other potential toxic 
effects of lead, there 1 s no current basis for be 1 i evi ng that current 
standards do not adequately protect against known or potential effects. 

First Priority Research Need 

The Committee recommends the fo 11 owing issue as a first priority 
research need: 

, Continued, uninterrupted support for current prospective 
studies of neurobehavioral effects of lead in children to 
school age and beyond. 

Second Priority Research Needs 

Other recommendations are made as only somewhat lesser second 
priority research needs: 

1 Additi ona 1 prospective studies examining fetal and early 
postnatal development examining a wider range of fetal lead 
exposures, and with additional risk factors, e.g. diabetes 
and toxic substances other than lead. 
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1 Continued support for investigations concerning the mechan­
isms whereby lead adversely affects neurobehavior with 
greater emphasis on neuroendocrinological influences on 
brain development. 

1 Initiation of prospective studies of the relationship of the 
lead exposure to blood pressure, as well as consideration of 
the consequences with respect to the incidence of hyperten­
sion. Although this is an important objective, the sub­
committee recognizes that it may not be feasible. 

1 Initiation of studies regarding the role of lead exposure 
in osteoporosis. This should include epidemiological 
approaches and investigation of mechansims using animal 
models. 

1 Studies of toxic effects of alkyl lead compounds most 
prevalent in the environment, with emphasis on subtle 
chronic effects in developing animal systems and potency 
relatie to inorganic lead. 

Finally, the Committee recommends (with moderate enthusiasm) that 
the EPA convene a meeting of immunotoxicologists and oncogenic toxicolo­
gists to assess further research needs relating to the possible role of 
lead in cancer and other diseases involving the immune system. 
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