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NOTICE

This report is one of several commissioned by the
Environmental Research Assessmént Committee for use in
its study of the role of research and development in
regulatory decision making in EPA. The views expressed
herein are those of the Panel on Effects of Environmental
Quality and do not necessarily represent those of the
Committee. :

The project of which this is a part was approved by
the Governing Board of the National Research Council, whose
members are drawn from the Councils of the National Academy
of Sciences, the National Academy of Engineering, and the
Institute of Medicine. The members of the panel responsible
for the report were chosen for tlre their special competences
and with regard for appropriate ralance,

: This report has been reviewed Ly a group other

than the authors, according to procedures approved ky the
Report Review Committee consisting of merbers of the
National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine.

This study was supported by the
Environmental Prctection Agency.
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EREEACE

The Panel on Effects of Ambient Environmental Cuality
was cne of four panels commissiored ky the Envircnmental
Research Assessment Comrmittee (ERAC) to identify scientific
and technical informaticn needed for effective regulatory
decision making. The reports of the panels are part of
the assessment by ERAC of the role of research and develop-
rent in the U.S. Environmental Protection Agency (EPA), an
analytical assessment that is, itself, one part of a more
extensive study by the National EFesearch Council of the
acquisition and use of scientific and technical informa-
tion ky EPA in its regulatory decision making.

The prime objective of the ERAC study was to examine
the gprocesses by which inforraticn is acquired by EPA
through research and development. Because these processes
have both managerial and scientific aspects, the Committee
divided its work into two parts. One part, concerned with
the organization, coordination, and management of research
and development to support the agency's mission, is the
subject of a separate report by the ERAC itself. The other,
which deals with the identification of technical opportuni-
ties for research and with strategies fcr guiding research
planning, was divided arong the four panels. The report
of the Panel on Sources and Contrcl Techniques deals with
research needed on the generatior of residuals and strate-
gies for their control. The repcrt of the Panel on Fates
of Pollutants deals with research needed on the transport,
transformation, and accumuilation of rollutants ir the envir-
onment. The report of the Panel on Environmental Impacts
cf Resources Management deals with research needed on the
environmental consequences associated with the development
and use of natural resources.

This report, prerared by the Panel on Effects of
Ambient Environmental Quality, deals with the identification
of fundamrental and important needs for information
on the effects of pollutants and other environmental changes
on humans, cther living things, and +he nonliving environ-
rent. In its charge to the Panel on Effects cf Amkient
Environmental Quality, the ERAC asked the panel to recom-
mend research strategies and pricrities that would grroduce

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18686

a Poll

uted Environment: Research
.nap.edul/c

and Development
atalog.php?record_id=18686

information on the effects of environmental agents on human
health and the environment, critical to the EPA's needs in
setting ambient standards and other regulatory decisions.
The okjective of this panel's study was, therefore, to
identify questions that EPA needs answered and to suggest
effective ways to aprly the naticn's diverse capabilities
to the task of finding those answers.

The discussion and recommendations presented in this
report are a synthesis of the contrikuticns of individual
Fanel memkers. 1In the course of the study, panel members
prepared kackground papers; these papers are listed in the
Appendix of this report. Copies are available ugron request
fror the Environmental Studies Board, National Research
Council, 2101 Constitution Avenue, Washington, D.C. 20418.

The Environmental Research Assessment Committee
wishes to exrress its arrreciaticn of the contrikutions
made by the members of the Panel on Effects of Ambient
Environmental Quality in the preraration of this report,
for the cooreration of the members of the various agencies
and institutions, and for the assistance and support of
Dr. William J. Scott of Children's Hospital, Cincinnati,
and Cr. Leroy H. Wullstein of the University of Utah,
who served as consultants. It also wishes to acknowl-
edge the contributions made by the staff, particularly
the dedicated work of Dr. Edward Groth III who, as Staff
Officer for this panel, provided invaluatkle direction,
support, and editorial assistance.

Johr M. Neuhold
Chairrarn
Environmental Research Assessment Committee
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SUMMARY

The purpose of this study was to identify fundarental
and important needs for information on the effects of
changes in the quality of the environment, and to recom-
mend research programs and strategies for meeting those
needs. Several organizing concerts and central themes
related to research on effects of pollution are empha-
sized throughout the rerort:

1. The complexity of environmental exposures and
causative processes and the almost limitless numker of
substances that are or may become envirommental contami-
nante make a substance-ky-substance apprcach to research
on effects impractical. 1Instead, this report examines
categories of effects that may be produced in various
living and nonliving receptors. Research on these effects
cannot be all-inclusive; instead, it must build and refine
a framework of general rrinciples, based initially upon
detajiled understanding of a limited nurxber of effects of
.specific substances. .

2. The task of understanding effects is multifaceted,
and each disciplinary agproach (e.g., eridemiology, toxicol-
ogy) can shed light on only a part of a groblem. In any
area, be it human health, ecology, or effects on climate, a
rultidisciplinary, problem-oriented strategy for research
is essential. 1In order to achieve an adequate understanding
of a cause-effect relationship, congruent results are needed
from laboratory tests, measurements of effects in the field,
and studies of mechanisrs of action.

3. There are definite limite tc what can be learned
from research on the effects of pollutants. Inadequate
basic knowledge ard the sheer complexity of processes being
studied make it impossikle excert in isclated instances to
answer with certainty the kinds of questions posed Ly, for
example, interactions among multiple causative agents or
the long-term effects on climate of the combusticn of fuels.
Regulatory decisions usually rmust of necessity be based on
partial information and on extrarolated estimates of risks;
nevertheless, research can narrow the range of urcertainty.
Furthermore, long-term research cn fundamental scientific

Copyright © National Academy of Sciences. All rights reserved.
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rrablems is the rost effective way tc urravel such nyste-
ries, ard studies cf this kind must be supported for their
value to future decision making.

4. We recognize the need to establish priorities
fcr allocating resources among research programs on dif-
ferent asrects of the effects of a polluted environment.
We kelieve firmly that it is vital for a national research
strategy to maintain diversity and ralance among different
problem areas (e.g., health, ecological effects) and re-
search approaches (e.g., toxicological testing, simulation
modeling). Research planning must also kalance the need
for research to support immediate decisicns with the need
to increase fundamental scientific understanding. That
said, this report does identify some priorities among infor-
mation needs within particular problem areas or research
approaches. Our recommended priorities are based on an
assessment of an appropriate comprehensive strategy for
all research on effects of pollutants; they reflect judg-
ments of the usefulness of different kinds of informaticn
to the advarcement of knowledge needed fcr both current
and future environmental management decisions. We recog-
nize that these priorities may not be entirely appropriate
for the Environmental Protection Agency (EPA), with its
specific legislative mandates and deadlines and the shifting
political demands being made upcr it. Cur charge, however,
was to address information needs in the kroader context.

GENERAL CONCLUSIONS ANLC RECOMMENDATIONE

[o ter 2 addresses problems that arrly to research
in several different prcklem areas, and recommends some
elements of a general strategy fcr research.

The solution tc some problemes that are vital to under-
standing effects of environmental changes requires a long-
termr comrmitment of effort that is usually not possikle in
an atmosphere of rapid responses to a shifting array of
new issues. We therefore recommend that such research ke
conducted in institutions without day-to-day regulatory
responsibilities.

In our judgment, the top pricrity that has been assigned
to research on effects cn human health in the past has keen
somewhat at the expense of investigaticns of other kinds of
impacts. 1In the future, added emphasis should be given to
research on effects of pollution on critical ecosystem func-
tions, such as the flow of energy and cycling of nutrients.

Copyright © National Academy of Sciences. All rights reserved.
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There is a pressing need for estimates of the costs
cf rollution that are properly grounded in economic theory
and make the best use of available data. We recommend that
economists and natural scientists interact as early as gos-
sible in the planning and conduct of research, so that data
gathered will be useful for econcmic as well as scientific
analyses. :

In order to take advantage of the orrortunities for
research rresented by well-defined erisodes of heavy pol-
lution, an improved capakility should te established for
rarid investigations of the effects of such incidents.
Such a rapid-response function should draw upon the
resaurces of koth EPA and the Center for Disease Control.

The way in which research results are used in the
decision-making process is also examined in Chapter 2.
We ccnclude that policies should be adopted to fcster
extensive peer review and critical evaluation of the
scientific basis for regulatory decisions. The failure
to make public a rigorous assessment of research data
has in the rast been a part of the cause for reversal of
some of EPA's decisions. We reccmmend, therefore, that
EPA ruklish detailed surmraries of the evidence it ccnsid-
ers, and cf the scientific basis for its judgments of
the validity and credibility of specific studies.

RESEARCH NEEDS CN EFFECTS
ON WEATHER ANL CLIMATE

Pcllution-induced changes in clirate, should they
cccur, would prcbably have more far-reaching consequences
than any other effects discussed in this report. Research
to rodel the mechanisms of climatic change is unlikely to
resolve critical uncertainties in the timespan during which
crucial pclicy choices must be made in such areas as energy
development. Research should be undertaken, therefore,
using somewhat sirpler models, tc estimate at least the
ucper and lower limits of potential climatic effects.

Chapter_3 assesses research rieeds on the effects of
pollution cn weather and climate. The Lighest priority
for study ir this category is to define the limits cf
pcssikle cliratic change that might result from carkon
dioxide emissions from the ccmbustion cf fossil fuels.
Other important information. needs include the biological
and climatological consequences cf rodification of the
ozone layer, and impacts on local or regional weather,
climate, ard biota of sulfur emissicns from power plants.
It is most irpcrtant to recognize the international char-
acter of each of these problems, and thus of any contem-
Flated remedial actions.

Copyright © National Academy of Sciences. All rights reserved.
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RESEARCH NEEDS CN EFFECIS
ON HUMAN HEALTH

Measures to protect human health from effects of envi-
ronmental pollutants will continue to require multifaceted
research surport, as examined in Chapter 4. At present,
the greatest need is for more and better information on
the health status and mortality rates of populations ex-
rosed to polluted environments; the highest priority for
research, therefore, should be given tc epidemiological
studies. 1Inproved registries of mortality and morbidity
data are an essential prerequisite to such research.
Reconrended areas of emphasis in epidemiology include
studies of the roles of environmental factors in causing
cancer and chronic degenerative diseases; increased sur-
veillance of populations for mutations and birth defects;
and studies tc correlate behavioral effects with other
indicators cf toxic resgonse.

In the field of environmental toxicclogy, we recommend
that the highest priorities be assigned to the refinement
of biocassays for rapid screening of potentially toxic suk-
stances for such properties as carcinogenicity and rutageni-
city, and to advancement of techriques for testing exposures
to mixtures of agents. Additional areas of toxicological
research that should be emphasized include studies to deter-
mine the functional correlates of behavicral effects and
investigaticns of developrmental defects caused by prenatal
exposures to pollutants.

The third important area of research related to health
effects is investigation of the mechanisms of action of
toxic agents. We recommend that research be concentrated
on the development of increasingly detailed knowledge of
a relatively small number of critical metabolic rpathways
for a limited number of agents, rather than dispersed among
efforts to describe parts of the picture for a large number
of substances.

RESEARCH NEEDS ON EFFECTS ON WILD
AND DOMESTIC ANIMALS

As in other problem areas, ar integrated multidisci-
rlinary aprroach is required to determine the effects of
specific environmental rollutants on particular species
of animals and to surport the formulation of some general
rrinciples. 1In chapter S5 we reccmmend that highest pricr-
ity be placed on closely coordinated lakcratory and field
studies to examine the subtle effects cf chronic low-level
pollutior on the behavicr and regroducticn of animal popu-
laticns. Closely related needs are for studies of the
consequences of such effects for porulations in ecological

Copyright © National Academy of Sciences. All rights reserved.
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communities, and for information on the rhysiological and
ecolcgical mechanisms of action cf pollutants. We also
recormend active exploration of the usefulness of eride-
miological studies of domestic animals, koth as a tool to
detect effects on animals and as a sentinel for possible
hazards to humans living in the same environments.

RESEARCH NEEDS CN EFFECTS
ON AGRICULTURAL AND FOREST PLANTS

The greatest need for informaticn akout pollution-
induced injury to plants is to determine the effects on
agricultural crops and forest vegetation of chronic expo-
sures to low-level contamination of the environment. The
development of such knowledge will require coordinated
research programs, described in Chapter 6. The critical
needs include monitoring the atmosphere and precipitaticn
in agricultural and forest areas to determine contaminant
levels; laboratory chamker studies to oktain dose-response
data for vegetatian damage under contrclled conditions;
more extensive field studies to measure injury under actual
cutdoor grecwing conditions, including some work using
experimental enclosures; and investigaticns of the mwecha-
nisms of pollutant action and plant resgcnse.

RESEARCH NFEDS ON EFFECTS ON EIOLOGICAL
COMMUNITIES AND ECCSYSTEMS

Research on effects at the ccmmunity and ecosystem
levels of biological organization requires quite a differ-
ent approach from that used to study effects on organisms
or srecies. The elements of such an aprproach are described
in Chapter 7. 1In order to measure and rredict effects on
critical ecological characteristics such as community struc-
ture and diversity, productivity, energy flow, or nutrient
cycles, research programs should integrate the results of
laboratory studies using microcosms and cther sirmplified
rodel systews, controlled experimental perturbations of
biological communities in the field, simulation modeling
techniques, and long-term field cbservation of critical
indicators of the structural and functional integrity
of ecosysterns. Experimental perturbations in the field
deserve highest priority for support of environmental
decisions. The study of nutrient cycles is highlighted
as an example of an area in which research resources might
kest e concentrated in order to learn more about the
effect ' of pollutants on ecological prccesses.

Copyright © National Academy of Sciences. All rights reserved.
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RESEARCH NEEDS CN EFFECTS
CN MATEKRIALS

Camage to inanimate materials due tc environmental gcl-
lutarts is extensive and costly. The mrost critical need
as far as understanding and preventing such damage is not
increased study of the problems, tut improved coordination
of existing research programs and more effective dissemi-
nation and use of available knowledge. For this reason,
our highest-priority recommendation in chapter 8 is that
lead responsibility for federal government research on
environmental effects on materials ke assigned to a single
agency. In addition, some particular research areas that
deserve emrphasis are studies of the mechanisms of deteri-
oration and methods to prevent such damage where it occurs
in the form of corrosion of netals, damage to organic mate-
rials, and destruction of irreplaceable objects such as
works of art, monuments, rare bocks, and historic docu-
ments.

INSTITUTIONAL ARRANGEMENTS

Our recormendations for research programs are accom-
panied by suggestions for assignments cf responsibility
for the conduct, support, and cocrdination of the re-
search. We have emphasized the roles of many different
agencies of the federal government in environmental re-
search; but, where appropriate, roles for investigators
in state agencies, universities, industry, and other pri-
vate research instituticns are also described. .

Suggestions for apportioning responsibility among
agencies are included in our recormendations for research
on most proklems. These are based on kncwledge of rpast
contributions and current prograrms and of the legislative
mandates, research needs, and mix of expertise of the dif-
ferert agencies; and on our judgrents of the kinds of re-
search programs best suited to carry out particular rec-
ommenrded investigations. 1In some cases, even thcugh cer-
tain research is very irportant for environmental protec-
tion, we recommend that EPA should pot devote its limited
resources to such studies, because sufficient research cf
high quality is already keing dore elsewhere. 1In mwany
areas, we recomrend that a number of agencies and institu-
tions should cooperate to use their corplementary strengths
and capabilities to carry out needed programs. The numer-
ous examples of problems that require mwultifaceted study add
significant weight tc the need fcr close coordination and
collaboration among agencies with cormcn research interests,
a need that is so often cited but so seldom effectively
achieved. Needs and mechanisms for cocrdination of federal
environmental research are addressed in detail in the report

-6 -
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of the Environmental Research Assessment Committee (National
Research Council [NRC] 1977).
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CUAPTER_1

INIRODUCTIQN: NEEDS FOR_JINFCEMATION
ON _THE EFFECTS OF A POLLUTED ENVIRONMENT

Many changes in the charactexr of the environment
that result from human activities can affect human health,
rFlants, anirals, biological commrunities and ecosystems,
materials, or weather and climate. Some of these effects
are keneficial, some adverse, and scme of indeterminate
significance. Most changes in the envircnment that are
inimical to human health or well-being are unintended
results of activities pursued to enhance that well-keing.
When human kehavior, institutions, or economic pursuits
must be adjusted to reduce or prevent those adverse effects,
cother social objectives or strategies for achieving then
may have to ke modified or sacrificed. Selection of the
optiral strategy for prctecting cr enhancing environmental
quality requires that decision makers either reconcile such
competing gocals, forge a compromise, or, at worst, choose
one over another. Such decisions must ultimately rest c¢n
social, rather than scientific, considerations.

while scientific and technical information is not in
itself a sufficient basis for decisions, it is an essential
prerequisite. CTCecisions to protect the environment require
reliakle scientific information cn:

o the physical and chemical nature of environmental
Follutants;

. the size, discharge characteristics, and distri-
kuticn in space and time of sources cf substances of
interxest;

° prccesses of transport, transformation, degrada-
tion, and removal of contaminants within and among the
varicus ccmpartments of the ervironment;

o concentrations and durations cf exposures that ray
ke encountered by diverse receptcrs;
. the effects of such expcsures cn those receptors;
- 8 -
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° the biological, ecoromic, and sccial consequences
of those effects:

o the availability and effectiveress of techniques to
control or reduce the level of ccntarminants in the environ-
rent: and

] the costs and kenefits cf those control measures.

Among these categories, information cn effects of envi-
ronmental changes is of pivotal importance for decision-
raking, for without knowledge of certain, likely, or pos-
sible effects, there would be no impetus to take action.
Furthermore, information on the magnitude of effects must
ke ccmpared with estimates of the costs cf protective
reasures in crder to decide what action is appropriate
(NRC 1975).

AN APPROACH TO ASSESSING FESEARCH
NEEDS ON EFFECTS

Ideally, decision makers would like to know. all of the
possikle effects on all types of receptcrs of every poten-
tial or actual change in the environment (including but
not limited to introduction of contaminants), before taking
regulatory action to lirmit or prevent such a change. Since
it is patently irpossible to obtain information in such
blanket fashion, research must ccncentrate instead on the
development of detailed knowledge of selected specific
effects of a limited nunber of environwental agents. From
that information, broad principles for evaluating the risks
of changes in the environment may be deduced, to be tested
and refined by subsequent research. Planning for such
investigations must ke well-grounded in an understanding
of the nature both of effects and of research. Unless
knowledge is organized into a logical framework of this
kind, it is very difficult to identify insoluble problems
or gaps in information, or to establish priorities for
the effective allocation of limited research resources
to efforts to close the gaps (Caldwell 1976).

The Nature of Effects
of Environmental Pollutarnts

An effect of an environmental pollutant is expressed as
a change in some receptor exposed to the pollutant. The
recertors may be humans, animals, plants, and microorga-
nisms; biological communities and ecosystems; natural and
nan-rade materials; or the geophysical systems that deter-
mine the weather and climate. 1In each of these categories,

’
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effects ray appear as changes in many different tissues,
crgans, systems, states, Or frrocesses. Effects

in organisms, for instance, may include altered enzyme
activity, a tumor in the lung, or changes in behavicr or
reprcduction. Examples of changes in ecosystems include
altered ecological succession, reduced sgecies diversity,
and changes in the capacity to assimilate wastes.

The approach used in this report is kased not on
specific pollutants or classes of envirommental contami-
nants, ktut rather on categories cf effects, as expressed
in a variety of recertors, that might ke produced by many
different environmental contaminants or combinaticns of
agents.

The effects examined include injury to human health,
damage to wildlife, vegetation, and ecological systems,
corrosion of materials, and changes in climate. The order
in which they are discussed does not inply relative pricr-
ity, and the interrelationships among effects should be
recognized. Effects on wildlife or ecological processes
may presage effects on human health, and the consequences
to mankind of certain effects (fcr exarrle, climatic change)
may ultimately be far more serious than any direct threats
tc health pcsed by the pollutante involved. Each type of
effect discussed in the report has, to a varying degree,
social and economic consequences; determination of these
is often a prerequisite for decision making.

The distribution of effects in srace and time is impor-
tant. Effects may ke local or global; may involve a few
individuals or an entire species; may ke transitcry or con-
tinue for centuries after the onset of environmental change;
and rmay ke reversible or cumulative and ultimately irrever-
sible. A great many degrees can be identified within each
of these dimensions.

Patterns of susceptibility are another important asgect
of effects. Sensitive subsets of varying sizes within a
poprulatiorn cf organisms or subunits of an ecosystem may be
at risk from exposures that are relatively harmless to the
rest of the populaticn or the syster. In humans, for exam-
rle, fetuses, infants, the aged, and peogle with certain
diseases or special inherited or rhysioclocgical conditions
may be hypersensitive groups. Amrong other living organisms,
differences in sensitivity among species may be rronounced.

Some environmental contaminarts can have effects that
are neutral or keneficial to the receptor; for examrrle,
some trace contaminants of drinking water are also essen-
tial nutrients (NRC 1974). Other contaminants, such as
chemical pesticides, can have sukstantial socially desir-
akle effects when used for their intended purposes, al-

’,
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though pollution may be an inevitable result of such use.
We recognize the importance of information on such kene<«
ficial effects, in that all of the consequences of a given
environmental change must be evaluated ky decision makers.
Nevertheless, the primary thrust of environmental regula-
tion is to protect against adverse effects, and our concern
in this report must therefore be almost exclusively with
these. -

Causative Factors

Most research on the effects of environmental pollu-
tants has fccused on individual chemicals or physical agents
(for example, noise, heat, particles). Agents have been
tested singly, or at most in comkinations of two or three,
with other conditions ccntrolled as part of the experimental
design. In the environment, however, innumerable pollutants
may ke present simultaneously, intermittently, or sequen-
tially; and factors such as temperature, light, moisture,
and physiological and ecological states and processes are
likely tc vary a great deal. Pollutants and these other
factors may interact in additive, antagonistic, or synergis-
tic ways to produce the observed effects. It is essential
that koth researchers and decision makers recognize and take
into account the complexity of causative processes.

Mechanisms

It is imrportant to know not cnly what effects occur in
response to exposure to a polluted envircnment, kut alsc how
they cccur. For organisms and fcr ecosystems, information
is needed on the biochemical, physiological, and pharmaco-
logical mechanisms of ugtake, translocation, accumulaticn,
storage, kiochemical transformation, and removal or excre-
tion of pollutants, and on mecharisms of toxic action and
response. The need includes information on the mechanisms
of interactions among agents that may occur at any stage in
this sequence. 1Information on mechanisms can clarify cause-
effect relationships, and may prcvide a basis for predic-
tion, prevention, or treatment of effects.

The study of mechanisms is particularly important in
cases in which environmental agents undergo transformations.
Some chemical reactions in the environment and metabolic
processee in many organisms can degrade and detoxify con-
tarinante (for example, see discussion in NRC 1977). 1In
other cases, chemical or biological rrocesses may produce
substances that are far more toxic than the original mate-
rial (for instance, see Wood et al. 1968, Hall 1971).
Greater understanding of these processes is an important
need.

4
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Cose-Response Relationships

Doge is the amount cf a substance in the environment to
which a receptar is exposed, sumred over time. The magni-
tude and timing of exposures, of the appearance of effects,
and cf recovery when expcsure ceases are important dose-
response parameters. Acute effects occur in minutes to
hours, and gubacute effects in days to weeks, in resgonse
to exposures tc relatively high concentrations of agents.
chropjc effects, in contrast, aprear only after extended
periods, sometimes approaching the lifetime of the organ-
ism. Chronic effects may result fror long-term, low-level
exposure, or may be due to short-term, larger doses, but
appear only long after exposure to causative agents has
ended. Probably the greatest current needs for additional
information about effects of environmental contaminants
involve chronic effects (Congressional Research Service
1975).

Many environmental agents reach recertors by more than
one route, and at different rates ky each pathway. For
example, hurans mray be exposed tc a given toxic sukstance
in air, drinking water, food, pharmaceuticals, and in occu-
paticnal environments. It is important (though difficult)
to be aware of and account for all such exposures and their
contributions to total dose. Some contaminants accumulate
in living tissues, making the cumulative dose over time
significant even at extremely low levels of exposure, or
at infrequent but high exposures.

A critical and controversial issue is whether a no-
effect level or threshold of toxicity exists for a given
effect of an environmental agent, and, if it does exist,
whether such a level can be identified. For some biochemi-
cal and pharmacological phenomena, such as the action of
analgesic drugs, the existence of a no-effect level is
generally accepted; in other cases, however, such as car-
cinogenesis, the concept is vigorously debated (Bingham and
Falk 1969; Kotin 1976; Anonymous 1976) . In most testing
systems, some level of exposure can be identified at which
there is no detected adverse effect. This fact may be due
to one or more of the following considerations: (a) sarmrle
size--effects may occur at all exposure levels, kut with
such a lcw frequency at the levels tested that their detec-
tion would be statistically significant only with a much
larger population of exposed organisms; (b) measuremrwent
techniques--effects may ke present, ktut not detected by
the particular testing rrocedures available; (c) biologi-
cal defenses--excretion, detoxification, DNA repair, or
other mechanisms may enable the crganism or system to cope
with a low level of exposure.

- 12 -
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The Nature cf Research on Effects
of Environmental Pollutants

Effects of environmental polluticn, and especially
chronic effects of low-level expcsures, may be expressed
so subtly or obscurely that they are difficult to detect
and measure, and conclusgive proof of causation may ke all
krut impossikle, even after damage has keen done. We be-
lieve that in many cases it is nct accegtable to postpone
decisions until such proof is available, especially when
the only truly convincing evidence would be the cccurrence
of, for example, serious darage to human health or a major
change in climate. Action must instead be taken to pre-
vent adverse effects, using presumptive evidence and valid
scientific estimates of the nature, magnitude, and proba-
bility of the effects. For instance, the risks to human
health inherent in long-term expcsure to low levels of toxic
substances have been estimated from studies of the effects
cf higher doses of the same substances on laboratory anirals
(e.g., Hoel 1976). Similarly, the responses of some plants
and animals with well understood physiolcgical processes to
measured exposures tc pcllutants in the laboratory have keen
used to model possible responses of cther organisms to the
same pollutants in the arbient environment.

Reliance on indirect evidence of this sort, however,
intrcduces additional uncertainties into the assessment of
risks. The underlying kiological princirles that might sup-
port the validity of some such extrarolations may nct yet be
known. For exarmple, there is not yet an accepted theoreti-
cal basis for a guantitative transfer of data on carcinc-
genicity from one species to another, e.g., from rodents to
humans, although most empirical results support a qualita-
tive extrapolation. Some sophisticated statistical tech-
nigues have been develored for estimating the magnitude cf
risks to hurans of very low-level exposures, using data on
far higher exposures in animals cr humans; but in many cases
the kiological models that must ke assumed in making such
estimates have not been (and may never be) verified (Hoel
et al. 1975). sSimilarly, there is not yet any reliable way
to translate data on effects of a pollutant under ccntrclled
laboratory conditions into estimates of the effects that the
same pollutant might have in intermittent exposures, in the
presence of other pollutants, and with numerous other uncon-
trolled variables in the ambient environment. Data on the
effects of a given pollutant can sometimes be used to pre-
dict effects of chemically similar compounds; however,
knowledge of the relationship betweer structure and biolog-
ical activity is still too incomrrlete to make this approach
widely applicable, and some erroneous conclusions might be
reached if structure-activity correlations were relied upon
as the chief basis for assessments (Van Cuuren et al. 1972).

- 13 -
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Some circumstances cf environmental exposures or char-
actexristics of the causative process make it quite diffi-
cult to design studies that reliably link effects to their
causes. In many cases, an entire population of humans,
plants, or animals is exposed to a potentially toxic suk-
stance, making it impossible to use a ccrparable unexposed
segment of the ropulaticn as a ccntrol group. Instead, the
population must be examined over time, cr comparisons nade
with groups elsewhere that have not been exposed to the
agent. Introducing such geographic or temporal differences
into the comparison introduces additional variables (for
instance, other environmental factors and changes in the
population itself) for which there is often no control. 1In
other cases, the appearance of effects may be long delayed.
Fcr example, sore developmental abnormalities may not be
expressed until relatively late in the life of an organism
(Coyle et al. 1976, Spyker 1976) ; somre kinds of huran can-
cers have latent periods of 20 years or more (Bingham et
al. 1976) ; and some nmutations, kecause of their recessive
nature, may be observed only in later generations.

The 1imits c¢cf Research

There are many questions abcut the effects of environ-
mental pollutants that science can rose, but cannot answer.
Some guesticns, such as the extrapolation of estimates of
risks of cancer discussed above, may ke inherently unanswer-
akle, or may need to await the development of additional
fundamental knowledge. Others may ke theoretically answer-
able, but imrpractical to address because of the cost, time,
and effcrt required. For example, it has been estimated
that a study to determine experimentally whether genetic
effects of radiation in mice are linearly related to doses
at exposures that would increase the natural incidence of
mutations by 0.5 percent, with statistically significant
results at a confidence level of 95 percent, would require
eight billion mice (Weinkerg 197%).

In many cases, therefore, prcof of effects of erviron-
rental changes may not ke attainable through experimental
research. Decisions will of necessity have to be based on
extrapolation and statistical assessments of risk. In the
face of continuing and unresolvakle major gaps in funda-
mental knowledge, research on sore proklems may cffer little
rromise of producing meaningful answers. Such questions
must be identified, so that necessary sccial decisions rmay
be made on the strength of whatever js known, and other
(nonscientific) considerations (KRC 1975).

- 14 -
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Research on the Econcmic Impacts of Folluticn

Iike our knowledge of the biclogical measurerment of
effects, our current ability to assign economic values to
effects is characterized by significant gaps in available
information and limitations in existing theory. Economics
can rrovide a mechanism for comparing the values of some
otherwise noncomrparakle entities, through the use of market
prices and substitute measures. However, subjective value
judgments must be made if dcllar values are to be assigned
to such outcomes as risk to human life or the survival cf
kald eagles. Determination of the full social impact of a
change in the enviromment requires consideration of costs
in laktor, energy, loss cf amenities, derletion or destruc-
tion of natural resources, and other indirect but signifi-
cant consequences.

Environmental economists can use available mcdels tc
infer valuves for some effects and can rrcduce estimates,
however crude, of the costs of pcllution. The reliability
of such estimates is limited by scientific uncertainties
in the prediction of effects, as well as by the difficulty
of oktaining data in the form required by economic models.
Improved economic measur=ments of effects depend, therefore,
not cnly on advances in economic research and in data col-
lection, tut also on improvements in krcwledge of the nature
of adverse effects of exposures to envircnmental pollutants
and cf the likelihood of their occurrence.

The Multidisciplinary Argroach

The study of the effects of environmental pollutants
is a conmplex undertaking requirirg the ccordinated partici-
raticn of many scientific and technical disciplines. Fcr
example, evaluation of the role cf toxic environmental
agents in diseases of humans or animals depends cn contri-
butions fror epidemiology, pathology, pharmacology, toxi-
cology, clinical medicine, and other specialties. Research
programs that facilitate the interaction of workers in sev-
eral disciplines on interrelated asrects of a problenm,
keginning with the pcsing of research questions, have
shown considerakle promise for producing information of
great valvue.

Cuality of Research Results
In order to make the information that is availakle to
decision makers current, reliable, and credible, research

must be ktased on sound scientific principles and methods,
must ask relevant and critical questions, and shculd draw
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as much as rossikle upon the best scientific talent of the
country. The okjectivity of research is also very impor-
tant. Unfortunately, many research investigations are
designed to prove a point or to gather informaticn to sup-
port only one side of a controversial issue. Such work is
often conducted by interested parties in adversary situa-
tions, and its credikility is consequently suspect.
Cespite okvious potential kiases, however, the gquality cf
some such research may ke high, and the results extremely
valuaktle. To increase public confidence in the quality
and integrity of the research used for decision making,
peer review and similar safeguards against potential bias
should ke used extensively in gathering and evaluating
information (NRC 1975).

PRINCIPIES FOR ESTABLISHING
RESEARCH PRICRITIES

Research rescurces are finite and must therefore be
applied to areas that offer substantial cpportunities tc
produce results of the greatest value for decision making.
This need applies particularly tc the limited research
ktudgets of regulatory agencies such as EFA.

Pecause of the subjective corponent inevitable in any
ranking of the relative importance of research topics, the
criteria used should be stated explicitly. The considera-
tions that follow are ones we have used; others might use
them, with their own emrhasis, fcr setting research pricri-
ties. Some of these criteria might be given greater weight
than others, but they are not listed srecifically in order
cf relative importance.

The panel agreed unanimously that research resources
should ke aprlied to the study of irportant effects, but we
could find no completely objective definition of importance.
The importance of effects may be proportional to all or some
of the following variables:

e the magnitude of impacts experienced by individual
human beings, animals, plants, other organisms, inanimate
materials, or ecosystems affected by changes in the
environrent: )

e the numbers of people, anirmals, plants, and sc forth,
so affected;

e the amounts of enexrgy, food, natural resources,
ecological rrocesses, or other amenities that may be made
unavailable (or available) because cf changed environmental
quality:
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e the economic value of kenefits or éamages, or the
costs or benefits to individuals or society of 1living with
the effects;

e the geographical extent of effects;
e the time qver which effecte may ke felt;

e whether effects are reversible or irreversible.

Additional criteria beyond tlke irportance of effects
include::

e the social and eccnomic corseguences of regulatory
acticn (or inaction);

e the immediacy of ejther the ccnsequences of environ-
mental change or the need to begin research;

e the extent to which identified infcrmation gars
influence regulatory decisions (for exangple, see North
and Merkhofer 1975).

e the magnitude of informaticn gaps; (this intuitive
criterion may be misleading, if lack of information is
due to a dearth of basic principles to guide research or
if the toric fails tc meet the other criteria stated here;)

e the existence of adequate kasic kncwledge, methodclo-
gies, and theoretical ccnstructs to make research feasikle;

e the resolvability of questions with a practical amount
of resources and time;

e the availability of capable trained personrel, aprro-
priate facilities, a source of funding, a favorakle research
environwent, and so forth;

e the breadth of aprlicability of results.

Popular interest in certain groklems and resulting

rolitical pressures ray drive research in the direction

of seeking information on specific effects, regardless of
whether other criteria are met. Conversely, research that
meete all previous criteria may rot seew justified to an
arpropriations committee, a Lureaucracy, or the Cffice cf
Management and Budget. While political decision makers
have a legitimate role to play in the definition of priori-
ties, continual shifts cf attention to new "pollutants cf
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the ronth" can create an unstable atmosghere that makes it
difficult to maintain the continuity of research.

The criteria spelled out here are intended to be aprlied
to research programs that are undertaken by, or in suppcrt
cf, agencies responsible for protection cf the environment.
Investigation of fundamental prircirles in all areas of kio-
logical and environmental sciences is a necessity as wéll;
in fact, it is difficult to distinguish some of the needs
identified here from "basic" research. Many kinds of work
on effects of pollutants will derend on the continued sup-
port of basic, ncntargeted research if they are to te
feasikle.
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CHBEIER.2
GENERAL RECOMMENDAIICKS

Each of the follcwing chapters rresents recommendations
for research on the effects of a polluted enviromment on a
specific category of receptors, such as ran, materials, or
ecosystems. The recammendations in this chapter are more
general and apply to research on many or all.of the topics
discussed in later chapters. They are ccncerned with insti-
tutional arrangements and research strategies that will
increase the usefulness of research on effects for making
environmental protection decisiors, facilitate the conduct
cf scme important kinds of research, and strengthen the
process through which research findings are used in regu-
latory decision making.

RESEARCH STRATEGIES FCR SCME RELATIVELY
INTRACTABLE SCIENTIFIC PKRCELEMS

The_pripary xresronsibility for
:sasa:sh_gnzgﬁnéamsnxﬁl.:u:.gsisnti-
£ically difficult problems related
to_effects of environmental chbapges
should be assigped to agencies_ cr
ipstitutions otber thap those with
igpediate regulatory wissions.

Many of the most critical scientific issues related to
decision making on environmental prcktlerms probably cannct be
resolved by research efforts within the next several years.
some fundamental questions about effects of environmental
changes that fall into this category include:

o identifying effects of rolluticn on climate;

o identifying no-effect levels in plants, animals,
and humans;

) predicting changes in wlole eccsystems;
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o extrapolating from results under controlled lak-
cratory conditions to ambient conditions; and

. obtaining quantitative measures of interactione
arong multiple ccntaminants.

Issues of this kind cannot ncw ke resolved, for reasons
that may include the following:

° they are intrinsically so complex that scientific
methods fcr solving themr have nct yet keen develcped;

° they involve effects that may ke widely serarated
from the initial cause or receptcr;

) they involve effects that may ke qualitatively no
different from those prcduced by natural processes;

. they involve effects that ray develop over a 1lcng
time scale; and

o they are concerned with the statistics cf rare
events.

These characteristics often make existing methodologies
inadequate for testing assumptiorns, or make experimental
investigations very difficult and expensive. Despite such
okstacles, efforts to resolve these guestions should con-
tinue to have high priority. Some of the effecte involved,
such as cliratic change or long-term perturbations of eco-
systems, may be irreversible; and their consequences, such
as changes in world agricultural prcductivity or a decline
in tre yields of ocean fisheries, might render many current
environmental concerns trivial in comparison. Yet, because
of the continuing need for information to support a shift-
ing array of more immediate decisions, and because the
tire needed to produce answers tc most of these currently
intractable problems generally cannot ke estimated with
any confidence, regulatory agencies such as EPA have tended
to assign such investigations lcw priority in the alloca-
tion of research funds.

Research on these fundamental problemns is needed to
reduce uncertainties for future environmental decisions,
and attempts to resolve them ougkt nct tc be set aside in
favor of the more immediate responsibilities of regulatory
agencies. 1long-term funding should ke rade availakle, and
the work cught to be performed urder arrangements that make
continuity of effort possible. Exarples of agencies that
right aprrorriately support research in these areas are the
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National Institutes of Health (NIH) cr the Departmert of the
Interior (Dol) for some of the biological research, and the
Naticnal Cceanographic and Atmosgheric Administraticn (NOAA)
or the National Science Foundaticn (NSF) for protlers rela-
ted to climatic change. The glokal nature of some problems
makes an international approach to both research and policy
making very important, although such an approach is seldom
easy to achieve,

IMPORTANCE OF EFFECTE CN
NONHUMAN ORGANISME

Bsssaxsh_pxigziSisa_sngulé.xsflss;_ngs
only a_concern_for ireacts _on
hsman.!glﬁaxg_hu;_alig- e_inescapable
.snsaﬁsnss_gi-humani_!-sﬂ_szisisal
ecological _rprocesses.

The National Environment Policy Act calls for a kalanced
commitment to the protection and enhancement of koth human
health and ecosystems. However, because of the relative
ease of recognizing direct threats to human health and the
great social weight attached to them, pclicy decisions are
most heavily influenced ky evidence cf hazards to ran, and
a large proportion of research has been directed toward
assessment of such impacts. Research on ecological effects
is usually justified in terms of its valve to humrans, and
work has concentrated on effects on organisms that have
important economic or cultural significance (for instance,
agricultural crops or vertekrate wildlife species).

There is no point tc disputing scciety's right to
assign high value to effects on rumans and other organ-
isrs perceived as important to humans. We believe, how-
ever, that the well-being and possikly the survival of
rost vertekrates, including man, deprend on the continued
functioning of basic processes of ecosystems, such as the
cycling of elements or the conversion of energy into bio-
mass. From an ecological persrective, the greatest threats
to the life-support system would result from harm to those
organisms that play the largest roles in the flows of energy
and raterials through ecosystems, on scales from local to
global. The vast proportion of each of these flows is gro-
cessed in most cases by green plants and algae and ky decom-
posers such as kacteria and funagi (American Association for
the Advancement of Science 1967) . Vertekrates high in fcod
chains account for only a tiny fracticn cf energy and nutri-
ent flows, and effects on these organismre are therefore less
critical to ecosystem functionms.

- 24 -

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18686

Effects of a Polluted Environment: Research and Development Needs
http://lwww.nap.edu/catalog.php?record_id=18686

Current research priorities do not adequately account
for the relative long-term ecologjical significance of
potential effects on the structure and functions of eco-
systenrs. Realignment of these priorities is needed, but
is urlikely to occur until recognition of our dependence
cn relatively subtle and okscure corplex processes is
incorporated in institutional definitions of what it is
in the environment that needs protection.

ECONOMIC MEASUREMENT OF EFFECTS

3_sugtaiped and coptipuipg effcrt should
be_made_to develop estimates of the costs
of epvironmental pollution that are pro-
pexly grounded _in economic theorv apd
make_the best use of existipg data.

Regulatory decision makers need estimates of the costs
of environmental pollution that are prcrerly grounded in
econcmic theory and are based on the most reliable and up-
to-date scientific evidence. Although this need has been
clear for scme time (see, for instance, NRC 1975), the
current level of effort to provide sound economic analy-
sis for environmental decision making is, in our judgment,
still seriously inadequate. The need for improved eco-
nomic analysis in EPA is also examined in the rerort of the
Panel on Sources and Control Techniques cf the Environmental
Research Assessment Committee, (NRC 1977a), and in the re-
port of ERAC itself (NRC 1977b) . Emrphasis in thcse repcrts
is on analysis of the full range of costs and benefits cf
different ccntrol techniques and regulatory strategies. Our
concern here is more particularly with research to estimate
the econoric value of effects of a polluted environment, or
the costs of pollution.

The econcmic analysis of the costs of pollution requires
technjques for extending the dollar cr monetary price mea-
sure to things that are wvalued ky individuals but that do
not rass through markete, in order tc prcvide a Lkasis fcr
ccmparing the benefits and costs of environmental changes.
Not all environrental effects car be cartured by these dol-
lar measures; only those that directly affect the human
activities of consumpticn and prcduction, broadly defined,
can ke estirated. For example, those ecosystem changes that
do not affect human activity in some way cannot be mreasured
in dcllars. This does not mean that these changes have no
value or cost, kut rather that we have reached the limits
of econoric analysis.
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Regulatory decision makers at present lack reliakle
estinrates of the costs cf envirormental changes in monetary
terms. This lack is only partially attributable o limita-
tiors in economic theory. Economic theory and models are
available that provide a basis fcr defining and measuring
rany of the significant types of econoric effects of envi-
ronmental stresses. Some major exceptions are morbidity,
rortality, and aesthetic impacts.

close coordination betweep the social
and_natural sciences shculd Le_rursued
in_the_desian_and conduct of research, %o
ensure_that data that are also meapninaful
m.mngmia:&-am.sa&hsxsg_m.gﬂm:is
research.

There are three important reasons fcr the shcrtage cf
reliakle estimates of economic ccsts of pollution. First,
scme of the studies leading to mcnetary estimates of such
costes have lacked an adequate theoretical justification
for the interpretations of the data used. EFarly estimates
of air pollution damages derived from studies of property
values are a case in point (Freeran 1974; Polinsky and
Shavell 1975, 1976). Second, in sore cther cases, the use
of existing economic models would require major effcrts to
gather data that are not presently collected on a regqular
kasis. If research were designed and carried out %o col-
lect primary (scientific) data agpropriate for economic
analysis, improved estimates of pollution damages cculd
ke oktained for effects ‘such as impacts on water-based
recreation, deterioraticn of materials, and damage to
agricultural crops. The major ccnstraint on improved
data gathering is cost, but expanded effcrts to do well-
defined case studies in specific geograrhical regions

. seem to be justified. Such studies might provide a basis
for extrarolating to national estimates of damages, which
would ke very important for many regulatcry decisions
(Freepan 1976) .

Prokakly the most serious barrier tc better estimates
of the economic costs of polluticn is inadequate kncwl-
edge of the underlying relationshirs between environmental
conditions and their effects on rumans, cther organisms,
raterials, and climate. It is essential, in our view, for
cooperative interaction ketween economists and natural
scientists to begin gaxly in research on such effects--as
early as in the posing of research questions. Such coor-
dination would cffer the most prcmise cf casting data-
gathering efforts in a frame of reference that would sug-
Fort later economic analysis.
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ESTABLISHMENT OF QUICK-RESPONSE
STUDY TEAMS

Ihe_capability should ke estaklished

for _prompt_and_thorougk_jnvestjgation

of outbreaks of illness or other effects
sugpected to be assocjiated with_sudden
changes_in _pollutapnt levels ip_the
anbient _environmept.

Some changes in environmental quality result from
pollution incidents with sharply defined onset times
and spatial boundaries. Such episodes cften lead to
clusters of cases of adverse effects, which present
opportunities to gather important inforration on the
effects or to identify the causes (which may be un- -
known) . Examples of such incidents include the acci-
dental introduction of rolybrominated kirhenyls into
cattle feed in Michigan (Isleib and Whitehead 1975) ;
the intense pollution of the area around Hopewell,
Virginia with the pesticide KRepore; and the severe
episodes of urban air pcllution produced by unusually
stable weather conditions in different parts of the
country on several occasions in recent years (Storer
1975). In such cases, the usefulness of what can be
learned from an incident often derends cn how quickly
needs for specific data can be identified and the nec-
essary measurements made. Evidernce gathered long after
the event is likely to ke more difficult to obtain,
less complete, and of less obvious value for demcn--
strating cause-effect relationshigs.

Public health departments have develcped some very
effective capabilities for rapid study of outbreaks of
infectious diseases and food poisoning. Broader aprlica-
tions of the same techniques to environmental problems
are keing developed, but are not yet available for rou=
tine use. The essential ingredients of such a program
include:

e . develorping a sequence cf procedures to ke follcwed,
ranked in order cf the immediacy of needes for certain data;

° assembling and training multidisciplinary teams to
conduct field investigations, and providing the flexibility
tc mckilize the teams on very shcrt notice; and

. providing strong lakoratory sugrort.

Investigations of pollution incidents ought to include
reasuremrents of the distribution and concentration cf con-
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taminants in the environment (if the idertity of these is
known) and examination of a wide range of receptors for
potential effects. TCepending on the nature of the eriscde,
humans, domestic animals, wildlife, plants, and critical
ecolcgical organisms (e.g., soil bacteria) may need to ke
studied to deterrine what effects, if any, are occurring.
Where effects are present but the cause is unknown, their
manifestations must ke carefully reccrded, and samples cf
tissues of affected organisms and of the air, soil, water,
cr food to which they are exposed must ke obtained and
analyzed. The complexity of the investigations that need
to ke ccnducted requires that the team assembled include
diverse specialists, such as a clinical ghysician, an
eridemiologist, a veterinarian, a plant pathologist, an
analytical chemist, and so on.

EPA and other agencies conducted scre studies of this
sort in the Hopewell (Kepone) incident, and some sirilar
investigations, primarily involving cutkreaks of susgected
pesticide poisoning, have been ccnducted by the Epidemic
Intelligence Service of the Center for LCisease Control (CDC)
of the U.S. Public Health Service. The capabilities that
exist now should be strengthened and called upon in resgonse
to future incidents. EPA is in closest touch with reports
of most pollution-related outbreaks of disease and other
damage, and is kest equipped to measure and assess a brcad
range of environmental conditions and consequences. CDC has
the Lest expertise and capakility to perform rapid medical
evaluatiors in the field. The mcst effective investigations
of future incidents will require active and coordinated par-
ticipation ky both CDC and EPA, as well as other appropriate
agencies. To date, the desirable level cf interaction has
rarely keen achieved. Wwe recommend strongly that more for-
ral institutional arrangements be develored to provide for
joint rapid-response efforts by EPA and CDC to study the
effects of future pollution incidents.

PUBLICATION OF THE EASIS FOR
SCIENTIFIC JUDGMENTSE

. ER2_should _adort policies tc spsure that
the basis for its scientific judamentsg
zegarding _the guality cf evidepce of
§§!§I§§_§if§£§§_h§§9m§Q-EQEE_Sf.&_ﬁ
fo :mal_enblis_xgsgzd_iex_sa -Isgula-
tory decision.

Scientific evidence of actual or pctential adverse
effects on man or on the environment carries great weight
in EPA's regqulatory decisions. For exarple, evidence of
possikle carcinogenicity was critical in the decision tc
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ktan CDT.? To make equitable decisicns, the Administrator
cf EPA must have scientific information that is thorough,
falanced, accurate, and based on a rigorous and objective
assessment of the quality of availakle evidence and the
remaining scientific uncertainties. 1In the introduction
to this repcrt, we recommend extensive peer review of
scientific data as one method of ensuring the quality

of the scientific input to EPA's decisicns. We feel that
fcrral policies should ke adopted that would foster such
Feer review. Such measures are rarticularly needed where
critical evidence has been developed by a party in an
adversary context, either by EPA itself cr by industry

or other interested parties.

Regulatory decisiones clearly are based on social consid-
erations, as well as on scientific evidence. Nevertheless,
the process would be improved by more detailed and explicit
staterents of the scientific judgments that support such
decisions. For example, where ccntradictory evidence can
be cited on a scientific point, it is imrportant to know what
the scientific basis is for accerting scme studies as valid,
and rejecting others. TCecision documents have tended to
cite only the evidence that suppcrts the decision. In scre
cases, it has not been possible for an outside okserver to
know what evidence EPA has reviewed, whether uncited (ccn-
flicting) research data were exarined, or why only certain
studies were considered valid. This proklem is compounded
when information is used that has never keen published in
the open literature, as is sometimes the case with hoth EPA
and industry data.

The rroklems created for EPA and for others ky the
lack of more explicit statements of scientific judgments
can ke seen clearly in the records of judicial review of
some of EPA's decisions. For example, the Federal Court
cf Arreals for the 3rd Circuit in 1975 remanded effluent
limitations guidelines fcr the iron and steel industry to
EPA because “other information available to the agency",
cited in the Administratcr's decision document, was not
specified, and consequently meaningful judicial review cf
the Administratcr's decision was impossikle.2 Similarly,
the Federal Court of Apreals for the 4th Circuit in 1976
reversed EPA's effluent limitaticns for the tanning in-
dustry, and castigated the agency: "The record, however,
imrlies that these conclusions are the rroduct of guess-
work, and not of reasoned decision-making... No scientific
data or other demonstrative evidence was given to substan-
tiate these final effluent levels".3 <Such conclusions Ly
the courts are, unfortunately, nct isolated; many of thcse
EPA decisions that have keen reversed Lave been faulted
for inproper or inadequately supported use of scientific
informaticn.*
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EPA takes pride (with some justification) in being
an "cpen®" agency; that is, the puklic has extensive
access to the decision process and cpportunity tc partic-
irate in it. Nevertheless, EPA's decisions continue to
ke attacked, often with assertions that the Agency consid-
ered only selected data, or erred in its assessment of
the guality of available research. A more complete and
explicit statement of the scientific basis for decisions
would have salubrious effects on puklic awareness of and
confidence in the scientific rigcr of EEFA's assessment
process, and ultimately, perhaps, would improve the pro-
cess itself.

we recommend, therefore, that EPA establish a policy
along the following lines: before a regulatory action is
taken, information should be published t¢hat would list all
studies deemed relevant to the proposed action, identify
the scientists who performed the research and their sources
of funding, and sumrarize the results of each study. The
studies that are to ke relied upcn to sugport proposed regu-
laticns should be identified and the reasons for rejecting
the conclusions of studies that came to materially different
results should ke stated.

we believe that a policy of this scrt should be fol-

lowed at all stages of the sequertial rprccesses of decision

raking, adjudicatory hearings, ard judicial review of EEA
actions.
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CHAPTER_3
EEFECIS CN WEATHEE _ANL_CLIMAIE

In the face of continued growth of the world®'s popula-
tion and enduring pressure on the planet's food-groducing
capacities, large natural fluctuations cf weather and cli-
wate increasingly threaten human survival and well-keing,
particularly in less advanced countries. Projected human-
induced modifications of the earth's surface and the atmo-
srhere, and some changes that have already occurred, could
cause effects on clirate of a magnitude, spatial extent,
and duration comparable to some natural fluctuations. Given
the current state of kncwledge of the mechanisms of clirate
change, it is not possikle to distinguish between natural
and human-induced changes, at least on global and long-term
scales. Artificial change, morecver, ray increase the varji-
ability of climate, which is a crucial factor in the sucrrly
cf and demand for food.

Available methods of predicting the effects cn weather
and climate of man-made environmental changes are inade-
guate, and may never be perfected; it is generally ackncwl-
edged that, at kest, decades of work will be reguired tc
inrprcve ther significantly. We cannot ncw predict what cli-
matic changes will occur; we can only indicate what pight
cccur. The possibilities are disturkirg. The pctertial
ragnitude cf the consequences for humanity of possikle cli-
matic changes makes this a ‘subject deserving the concerted
attention of both the research ccmmunity and those charged
with protection of the environment.

The situation is complicated by the fact that many of
the rossikle man-made changes in climate that have keen
considered are global in character. Pcllutant emiseion or
cther envircnmental modification in one country may affect
the whole world; a nation may not ke akle to protect itself
by its own regulations. Furthermore, mcst of the climatic
changes that have been envisioned are neither universally
deleterious nor universally keneficial tc humanity. Pres-
sure for regulation is ynlikely to be equally strong in all
regions or nations, and proposals fcr regulation by some
secticns cf the world ccmmunity might ke actively resisted
by others.
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IMPACTS OF CARBCN LCIOXILCE
EMISSICNS

Reseazrch should be undertakep_ic_set
upper_and_lower boupnds to_rogsikle
global temperature chapges_tha
follow_a_given_increase of the_carbon
dioxide content of the atmosphere.

The most important climatic questicn facing the world
today is proktably the magnitude cf changes that may result
from an increase in the CO, content of the atmosphere caused
ty burning fossil fuels (NRC 1977). Scmre authoritative
projections of fuel comkustion, combined with existing geo-
chemical and climatic theories, indicate that a critical
pcint in regard to CO, may ‘te reached within the next 20
to 50 years. National and international policies defining
accertable limits on the use of fossil fuels must ke estab-
lished within that span. Such defiritiors must ke kased
on reliakle estimates of the magnitude cf changes that
might occur in global temperatures and consequent changes
in climate, polar ice car masses, and sea level.

Methods involving further development of comprehensive
general circulation models seem most unlikely to produce
such estimates within the time available. EPA, the Energy
Research and Development Administration (ERDA), and other
agencies responsikle for energy and environmental policy
should therefore suprort or encourage studies using less
time-consuming methods, recognizing the risk of failure in-
kerert in this approach. Models available today should ke
used, with some necessarily arbitrary simplifying assumg-
tions, to estimate the consequences cf rrojected emissions
of CC,. The results will not be precise predictions but
should at least estaklish some reliakle upper and lower
koundaries for possikle effects. This informaticn is a
wrajor requirement for setting scund policies governing
combustion of fossil fuels.

This prokler must be viewed in a larger perscective,
since fossil fuel combustion is tound tc the need to feed
humarity and keer it warm over tre next two centuries.
Research shculd therefore also ke undertaken by somre fed-
eral agency to examine the internaticnal, very long-ternm
asrects of energy conversion and environmental change.
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EFFECTS ON THE CZONE LAYER

Research_shculd contipuve to be rursued
to_determine the potepntial kiological and
climatic conseguences_of modification _of
the_ozone_laver.

Atmosgheric scientists have identified a numker of
threats to the stratospheric ozone layer in recent years,
including fluorocarbon aerosol rropellants and refriger-
ants (Molina and Rowland 1974, NRC 1976), high-altitude
emissions of nitrogen oxides in aircraft exhaust (Jchnstcn
1971, NRC 1975a), and nitrous oxide prcduced from fertil-
izers by soil microorganisms (Crutzen 1974, Council for
Agricultural Science and Technolcgy 1976). The effect
under study is a reduction of the concentration cf czone
in the stratosphere, slcwly reversible, with a time con-
stant of decades.

Understanding the modificaticn of. the ozone layer
aprears to ke a much more tractakle question than that
cf general climatic change. The meteorology, physics,
and chemistry of the ozone layer are being vigorously
studied, and it seems likely that a consensus on accept-
akle guantitative estimates of tlke reduction factors,
accurate to within a factor of two or three, will ke
reached within a very few years. Nevertheless, much
more information is needed on the biological and cli-
mratic consequences of increased ultraviolet irradiation
and cf related changes in radiation talances. These
problems have been reviewed Ly tlre Natioral kesearch
Council (1975a) . EPA has recently been assigned a
lead agency role in federal research on these sutjects.
The social and political consequences cf possible regu-
latory actions also need to ke studied, particularly if
fertilizer use should be affected, and the international
aspects of control measures must be taken into account.
Although the causes of the perturkations could origi-
nate in any or all ccuntries, the deleterious effects,
at least those directly concerned with human health,
are likely to be limited in their occurrence to a rela-
tively small geographic area (see NRC 1975a, Appendix C:
177-221).
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EFFECTS OF SULFUF EMISSICNS

Fesearch should be directed tcward
selutions to the physical croklems_
of weather and climate_godification
conpnected with sulfur and cther
emissions from combustjicpn cf_ccal.

Froblems of weather and clirate modification connected
with sulfur emissions include local to regional reducticns
cf solar radiation at the surface due tc aerosols, regional
increases in acidity of precipitation, and minor modifica-
tion of local rainfall rpatterns (Metromex Investigators
1976). These problems may at times cross international
koundaries (Bolin and Persson 1975).

Follutant sulfur enters the atmosrhere mainly ky com-
kustion of coal and heavy oil. It is eritted in the forr
cf gaseous sulfur dioxide, but a prcportion is quickly
converted to sulfuric acid in the form of small particles.
Sulfur erission is normally acccrpanied ky emission of solid
particles, and the emission control techrology currently in
use does not remove the finest of these particles. The
solid particles are particularly efficient in reducing the
solar radiation reaching the ground, since they aksorb as
well as scatter it. It seems very likely that ccntrol
technologies will be developed tc minimize sulfur emission
and to reduce even further the erission cf particles, but
such technologies will ke expensive. The greatest infor-
maticn need in this area is probakly orn the kiological and
economic consequences of acidified rreciritation and weather
modification by sulfur and particle emission, which would
need to ke kalanced against the kiological and social
impacts of using more expensive low-sulfur fuels.

INSTITUTIONAL ARRANGEMENTS

Given the present state cf krowledge, research on pcs-
siktle perturbations of weather ard clirate by environmental
rodifications cannot, in general, be serarated from other
aspects of climate research. 1In the United States, such
studies are keing carried out by the Derartments of Defense,
Ccmmerce (NCAA), Interior (Bureau of Reclamation), and
Iransportation (Federal Aviation Adrministration (FAA]),
and ky the National Aeronautic ard Space Administration
(NASA) , ERDA, EPA, and NSF. An Interagency Committee on
Atmospheric Science exists under the Federal Council for
Scierice and Technology, Lkut it seems unlikely that the
crtiral administrative arrangemert has keen achieved. 2
very large proportion of the funding is devoted to in-
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hcuse projects and tc wcrk in the large national lakora-
tcries. Most of the NSF budget for climate dynamics and
the atmospheric sciences goes tc the maintenance of the
Naticnal Center for Atmcspheric Fesearch, and to the pur-
suit of major international programs that call for long-
term spending commitments. There is little flexibility
that would allow support of unsolicitéd innovative research
in uriversities and inderendent research institutes.

A recent study, Undexstapnding Climate Change
(NRC 1975k), estimated the expenditure or climate-rela-

ted research in 1974 "excluding essentially operaticnal
or service related activities" as $18 million per year.
It called for a graduated increase to $67 million Ly
1980--a call that has not yet been heeded. That par-
ticular NRC study was ccncerned rainly with the proklem
cf global climate prediction on all time scales and had
little to say akout the usefulness of limited investiga-
tions of specific problems, as recommended above.

The question of stratospheric modification and its
consequences was examined extensively in the Climatic
Impact Assessment Program (CIAP) of the LCepartment of
Transportation. This work is being continued in a more
selective way in the Upger Atmosgheric Erograms funded
through FAA and NASA. Within this rrogram EPA has Leen
designated the lead agency for research cn biological
and climatic effects. At this early stage the adminis-
trative arrangerents and the score of the program appear
satisfactory. The CIAP studies emphasized the interna-
tional nature of problers; continuation of this aspect
is essential if future regulatory action is contemplated.

wWithin EPA, research on sulfur emissions at present
has high priority at all levels, fromr techniques of fuel
desulfurization to field observations cf transport and
transformation of the ermissions and consequent weather
modification. A large, well-conducted field experiment
with funding frcm EPA, NSF and state sources is continu-
ing in the St. Louis area, and ERDA is planning a major
survey of the fate and effects of sulfur emissions. If the
dangers of overemphasis on data collecticn at the expense of
critical review and analysis by inderendent scientists can
ke avoided, the level of effort seems commensurate with the
importance cf the problem, but frequent review is vital.
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CHARTER_ &
EEEECIS ON_HUMAN BEALIR

Evidence has long been availakle that certain polluted
cccurational or ambient environments can cause or contrib-
ute to both acute and chronic degenerative diseases. More
recently, as knowledge of the importance of environmental
contarinantes in health and disease has increased, it has
alsc kecome apparent that exposures to tcxic agents in the
environment may produce other effects, such as cancer,
mutations, birth defects, and behavioral abnormalities
(McCullough 1975).

Government agencies charged with protecting health
and the environment from effects of toxic substances face
a sukstantial challenge in identifying the risks involved
in any given case. If the purpose of taking action is
to prevent harm, decisicns must ke based on presumptive
evidence, before disease has been become overt. The kinds
cf evidence needed to establish a basis for action include:

° identification of causative agents in the environ-
went;

° demonstration of adverse effects, such as morbidity
cr mortality, in exposed populations;

° production of toxic effects ir laboratory anirals;
and,

° reduction or eliminatiorn of harm when exposure is

reduced or ceases, or when the pcpulaticn is protected.

Such sequential chains of evidence have been established
in scme cases of occupational expcsures (for example, to
teta naphthylamine and nickel [Internaticnal Agency for
Fesearch on Cancer 1971-1975]). The same general kinds of
evidence are needed to evaluate the effects of ccntaminants
in the arkient environment.
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Several research apgproaches are needed +o estaklish or
refute causal relationships between environmental pollutants
and effects on health. Epidemiological studies can show
patterns of disease or death that, when correlated with pat-
terns of exposure to environmental contarinants and other
factcrs, suggest possible causal relationships. Toxicolog-
ical research can demonstrate qualitative similarities
kLetween effects cbserved in humars and effects in labora-
tory animals. Additional important infcrmation can be
gained from investigaticns of the biochemical and physio-
logical mechanisms of action of envirormental agents and
cf the functional and structural changes a chemical or
metabolite may produce in tissues and crgans. No one
research approach can, by itself, provide adequate infor-
ration on the potential health effects cf a chemical in
the environment; congruent results are needed from koth
human experience and lakoratory studies. 1Ideally, cause-
effect relationships suggested by erpideriological associa-
tions could ke confirmed by koth toxicolcgical testing and
the elucidation of metakoclic mechanisms. In each specific
case, research needs will vary according to the nature cf
the effects involved, the kinds cf data already available,
and the potential success of particular investigatory
arprcaches.

EPICEMIOICGY

Epidemiology is the study of the determinants cf the
incidence and distribution of disease in populations.
Cbservation of associations Letween ratterns of disease
and ratterns of exposure to envircnmrental contaminants
can ke a powerful tool for generating Lypotheses abcut
cause-effect relationshirs. When surpcrted by clinical
cr experirental findings of similar effects, epidemiolog-
ical studies can provide the most convincing evidence
that an environmental agent has had an impact on the
health of a population.

There are, however, limits tc what can be learned from
eridemiology. Spurious correlations may be found. The
quality of available data is often poor; data on mortality
are not always recorded in consistent forms, and there are
gaps and inconsistencies in data on morkidity. Information
on exposures to potential causative agents is generally
inadequate. Few communities monitor the air or water for
more than a small number of substances, at a few locaticns.
Inforration cn what was in the ervircnment 20 or 30 years
ago (the latent period for some diseasesg) is often impos-
sible to obtain; furthermore, pecrple mcve from place to
place. There is no way to know exactly what mixture of
contarinants and cther factors (such as cigarette smoking
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and diet) a person or a populaticn enccuntered Lefore its
disease status was okserved.

Nevertheless, there is much rich grcund to be kroker
in ervironrental epidemiology. A great deal of informa-
tion exists on the incidence of various diseases; some of
it is in useful form, (such as tle canter atlas compiled
ky tke National Cancer Institute (NCI) (levin et al. 197¢),
although much has never been examined systematically. When
information on ambient environmerntal exposures to an agent
is uravailakle, it is often possikle tc study a small pcpu-
lation with a history of high exrosure, for instance in an
occupational environment. The study of such populations can
generate valuable qualitative data to guide further inves-
tigations.

The Data Ease

As_a_crerequisite tc _eridemiolcaical
research, jmproved systeps_are needed
for_collecting _data _op._mortality and
moxrbidity apnd for_correlatipg_thep with
information on_exposures_to_possible
causative factors.

The need for a naticnal registry of death certificates
is particularly critical, so that researchers can deter-
rine which rembers of a populaticn under study have died
and where their death certificates are filed. Mobility
cf individuals rakes a natioral index essential. The
importance of such a national death registry has long been
reccgnized (U.S. Departwent cf Health Education and Welfare
1970), and methods for its imwplementaticn are currently
being reviewed ty the Department cf HEW. Nevertheless,
this is such a fundamwental need fcr epidemiological research
that we kelieve it cannct be overemghasized.

National registries for major diseases are also needed.
Progress is being made toward the develorment of a national
cancer registry, an effcrt that should ccntinue. There are
no comparable data systers for many other important diseases
that may have environmental determinants, such as heart
disease oxr diabetes.

Collecticn cf mortality and morkidity data would be
kest coordinated through the National Center for Health
Statistics. A variety of methods should be explored for
oktaining data, such as census surveys or registration
procedures for national health irsurance programs (if and
when the latter are implemented). A sinrle, effective rro-
cedure is needed to correlate data on cccupational histcry,
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sroking habits, and cther personal or environmental infor-
raticn akout individuals, with death and disease registries.
Cne available method is to include Social Security numbers
cn death certificates and records; this approach is not
fully satisfactory, however, and more effective ways to
provide systematic linkage of data need to be developed.

The most important limitatior on the collection and use
cf health statistics in epidemiological research is not a
technical or economic consideration, but rather the ethical
problem of invasion of privacy. Wwe kelieve that, particu-
larly in cases of individuals who have died, the benefit to
society of research on environmertal factors that may have
contributed to those deaths outweighs any possible harm to
individuals that might result frcm allcwing investigators
access to personal medical records. Nevertheless, privacy
is a social issue of great ccncern today, and Congress has
moved toward increased rrotecticn of the individual. We
feel that the impacts of existing or prcrosed privacy leg-
islation on epidemiological research shculd ke carefully
examined, so that balanced choices can ke made in cases
where these values may ke in conflict.

Institutional Arrangements

Eridemiological studies on ervircnmentally-caused
diseases will be most effectively conducted through a
coordinated effort involving several federal agencies,
plus university and other research teans supported Ly
grants and contracts. It is impcrtant that the comgle-
mentary strengths of assorted agencies ke used in mutu-
ally reinforcing rather than comgpetitive ways. EPA is
kest equirped tc determine what agents cccur or may occur
in the environment, and has a strong prcgram in some areas
of envirormental toxicology. On the other hand, the stron-
gest capakilities for determining the Lealth status of pcpu-
laticns and studying the causative processes of diseases
are found in several of the Naticnal Institutes of Health,
such as NCI, and in such agencies as the National Institute
cf Occupational Safety and Healtk (NIOSH). EPA should con-
tinue to draw on the expertise of such agencies, rather than
estaklish parallel capakilities within its own research
cperations. In the past, EPA's needs for epidemiolcgical
surpcrt have not always keen satisfied. More effective
cooperative rrograms, which may reed tc ke structured to
fit the problem being studied, must ke devised tc carry
cut the major epidemiolcgical studies needed in the future.
Some suggestions for such progrars are included in the sec-
tione that fcllcw.
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Cancerx

A_selective survejllance prograrm_should
Le estaklisbed to examire the_ircidence
of _cancer in commupities of varying
characteristics that have comprehepsive
epvironmental monitoring progranms.

The statement has been widely rereated that 70 percent
cr more of all cancers are caused by environmental factcrs
(including those in foods, drugs, cigarette smoke, and occu-
pational settings), btut this conclusion is not yet suppcrted
Lty adequate evidence on the specific agents and mechanisms
respcnsikle. Some very clear temporal and geographic pat-
terns in the occurrence of cancers have established a case
for environmental origins; however, dose-response relation-
ships in humans have not been descriked for most carcinc-
gens. It is still not known, therefore, whether current
low-level exposures to asbestos fikers or chloroforrm in
water supplies, cigarette smoke in closed rooms, arsenic
ard cther trace metals in ambient air, or many other suk-
stances known to be carcinogenic at high exposures pose
significant risks to huran populations. The possibility
that a no-effect level may exist for each potential car-
cinogen in the environment has nct keen resolved, and the
combined impact on health of simultaneous exposures to mrany
such agents at very low levels is unkncwn.

The uncertainties inherent inr translating experimental
data on carcinogens intc environmental standards create
a critical need for epidemiological research on cancer.
Attention should be concentrated first or those areas fcr
which the most complete environmental mcnitoring data are
available. Data on the geographic distribution and inci-
dence of rany forms of cancer are being collected and ana-
lyzed by the NCI (Levin et al. 1976); expansion cf tumor
registries for the study of environmental cancers should
kuild uron this existing base. For the study of enviror-
mental carcinogenesis to be effective, a stronger effort
must be rade to coordinate the ccrplementary capabilities
of EPA, NCI, the National Institute for Environmental Health
Scierces (NIEHS), NIOSH, and ather agencies. Because the
information most urgently needed in this area today is c¢n
the identities and levels of potentially carcinogenic suk-
stances in the environment, EPA should ke given an important
role in the program. The major tiomedical components of
the research, including collecticn and analysis of cancer
mortality and morbidity data, shculd reside in NCI, NIEHS,
or other aprropriate specialized research agencies.

A new five-year, five-millior-dcllar Program for the
Assessment of Carcinogens in the Envircnment (PACE) has
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keen rroposed by EPA, and $1.1 million has Leen aprropriated
to begin the effort. Sound design, adequate suprort, arnd
effective interagency cccrdinaticn are needed if this criti-
cal research program is to succeed.

Birth Defects

A_patiopwide surveillance program _should
ke_established for early recorting of
tirth _defects, _and xesearch_skculd
examine the possible coptrikutjicns of
gnxixgnmgn:al_asgntﬁ_ia.segsing-gggh

Arout S percent (150,000) of the bakies born in the
United states each year have birth defects. Of these
defects, rno more than one third have a known cause; cur-
rent understanding suggests that the rerainder may ke
caused Ly interactions. ketween genetic ard envircnmental
factors, or among multirle envircnmental influences (Wilson
1975). Extensive experimental and clinical evidence has
shown that some drugs and certair chemical, physical, or
biolcgical environmental agents can produce specific birth
defects. Examples include the drug thalidomide, ionizing
radiation, rubella virus, and methyl mercury. Although
rost demcnstrated cases of defects caused by each of these
teratogenic agents involved unusvally high exposures, the
potential of these and similar agents at low levels in the
ambient environment for causing kirth defects needs to ke
investigated carefully.

Birth certificates are routirely mcnitored to compile
data on occurrence of birth defects in cnly a few areas,
such as the states of Washington and New York. The cost
and effort involved in cktaining such records are srall,
while the costs of not monitoring births could be great.
Specific kirth defects dve to particular environmental
agents are unlikely to cccur so cften that they will
easily ke noticed, unless special efforts to discover
them are wmade.

Responsibility for establishing a national program for
the surveillance of birth defects should most reasonably
reside with the National Center for Health Statistics and
the Center for Lisease Control, since these agencies have
experience in organizing such efforts. EPA is likely tc
ke a rajor user of the informaticn asserkled under such a
fprogram, and should contribute tc the sugport, planning,
and review of the surveillance syster, sc that data of
rarticular significance for the evaluation of teratcgenic
effects of environmental pollutants would be included.
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Mutaticrs

Measurement technigues apd monitoring
programs _for germinal apd _somatic muta-
tions in humans _should ke develoosed and
giiggfg_an:xgz-ggp_la;1sn§_.9:-92ng§1§

Evidence on the incidence of genetic diseases is con-
flicting, and the role of environmental agents in producing
nmutations in man is largely unkncwn. Methods for testing
mutagenicity in experimental organisks are of uncertain
relevance to man; therefore, it is irportant to monitor
human porulations to detect increases in mutations that
may e due to factors in the environment. A few effective
tests for mutations in human populations have been devel-
oped, but no organized surveillarce rrograms for large
populations have been established. A need exists, there-
fore, to develop further effective techniques for detecting
and monitoring mutations in man, and for maintaining sur-
veillance and informaticn gsystems.

Research is also needed to determine the significance
cf mutations that may occur because of environmental pol-
luticn. Very little is known abcut the health consequences
cf either germinal mutations (which may ke passed on to
future generations) or somatic mutations (which are confined
to the individual who is exposed to a mutagen). Without
mcre specific understanding of trLe imrracts of mutations on
the lives of individuals, the social ccsts of genetic damage
are difficult to assess. The importance attached tc muta-
tions seems likely to increase as more is learned of their
impact on health; population data on their incidence are
therefore likely to ke very significant for future decision
raking.

Institutional and funding arrangements for the develcp-
rent cf testing wrethods and surveillance programs for muta-
tions ought primarily tc include certain of the National
Institutes of Health, such as NIEHS, NCI, or the CDC. EEFA
rnight participate in efforts to define the relationships
Ltetween certain environmental contaminants and mutations,
tut knowledge of this topic is still toc rudimentary to
expect early epidemiological surveys tc produce infcrma-
tion of irmediate regulatory significance.
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Behavioral Akncrmalities

Existipg technigues for measuzirg
kebavioral chapges should ke refipned
and_used along with other weasuzes

of _toxicity to _study effects_ip human
poculations _exrosed _to_srpecific envi-
ronwental _agepts. .

Pehavior is the product of the integrated function
of the kody's many organ systems and metabolic processes,
and any numker cf toxic effects ray ke expressed as behav-
ioral changes. For exarnple, heavy smog adversely affects
the performance of athletes, and carbon. monoxide decreases
alertness. Research on possible behavioral effects of mrost
pollutants is at too early a stage of development tc per-
nit extensive interpretation of the risk of such effects.
Nevertheless, it is likely that kehavioral effects can cccur
at levels of exposure below those that gproduce other, less
equivocal toxic effects (see NRC 1975b). Impacts cn behav-
icr rmay therefore be widespread; in the long run, such
effects may represent a major social ccst of pollution.

Because behavioral changes may be the most sensitive
eigns of toxic impacts cn organisms, research to advance
understanding of this class of effects should have high
priority in the environrental health field. The orpportu-
nity exists for behavioral assessment to play an irportant
ancillary role in clinical medical evaluations of gopula-
tions exposed to toxic substances in the environment. 1Ic
make the most of this orportunity, research is needed or
the relationshirs between behavicral effects and other
(often later) toxic consequences.

Current clinical neurological tests can detect overt
disease, kut are inadequate for measuring many more sub-
tle kehavioral changes. Sore techniques developed in
experimental psychology and psyclkcpharracology permit
ckjective, quantitative measurements of human behavior;
examples of such tests include those fcr physical strength
and endurance, motor cocrdinatior and control, vigilance,
and performance on simple, monotcnous intellectual tasks
(Valzelli 1973) . Additicnal techniques to test for tkehav-
ioral changes 3in humans are needed for assessment of
tehavioral effects of environmental pollutants. The needed
techniques include:
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L nore precise ard complete rmeasurements of neurc-
logical dysfunction;

o psychometric tests to detect early, suktle, nor-
specific, subjective behavioral effects, such as fatigue or
rood changes;

o quantitative measures of behavicral effects in
populations, such as school absenteeisr cn heavy srog days.

Eehavioral assessments using existirg techniques shculd
ke incorgpcrated in examinaticns cf individuals who are
exposed both to high concentraticns of toxic contaminants
(as in an occupational setting) and to ambient levels of
pollutants. Experience should suggest refinements needed
to make tests more suitakle for evaluaticns of effects cf
environmental agents. Each cf the tests now availakle
reasures a different array of furcticnal changes; it is
important, therefore, to select a test that can answer a
specific, relevant question. If, fcr example, a contami-
nant is suspected of making people less responsive to mini-
ral changes in their surroundings, an arprropriate tehavioral
screen would be to measure performance cn a test for vigi-
lance, such as the ability to detect infrequent signals gre-
sented in an experimental situation. If the likely nature
of behavioral changes is unknown, a kattery of tests may ke
required.

Evidence of kehavioral effects drawn from epiderio-
logical studies ought tc be follcwed by controlled clini-
cal studies of human sukjects exrosed to the susgected
agents, where this is pcssible. Studies of behavioral
effects should be combined with cther clinical and epi-
demiologcal investigaticns, such as thcse on chronic de-
generative diseases, descriked elsewhere in this chapter.
To carry out the needed research, the various strengths of
EPA, NIOSH, NIEHS, the National Center fcr Toxicological
Research (NCTR), industry, private research institutes,
and universities should ke used in corplementary fashion.
The most critical need is tn correlate kehavioral assess-
ments with other measures of toxic effects, rather than
simply tc conduct separate Lehavioral tests. Sugport
shculd therefore be concentrated on integrated, multi-
disciplinary epidemiological research prcgrams.

- 48 -

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18686

Effects of a Polluted Environment: Research and Development Needs
http://lwww.nap.edu/catalog.php?record_id=18686

Chronic Cegenerative Ciseases

Coordipated epidemiological, clinical,
ané.sgxisglggissl.ﬁsggie§.§h991§.hs
undertaken of populatiops at kigh

of chropic degeperative diseases_that
maxgbg.sﬂugsg-sx.assn3§-in-:hs-snzizgn-
pent.

Chronic degenerative diseases (exclusive of cancer)
are the leading causes cf death and disatility. Many
have known environmental associations, such as that
between chronic bronchitis and particulate air pollu-
tion (Storer 1975). Others, such as strcke, high klood
rressure, kronchial asthra, and diaketes, have distinc-
tive geograrhic patterns, clinical characteristics, or
physiclogical mechanisms that suggest that they may have
environmental causes or at least that there is a major
environrental determinant of their frequency of occur-
rence.

Epideriological studies are needed tc identify popu-
laticns at high risk of such diseases, either because of
intrinsic special sensitivities cr kecause of excessive
exposures tc' potential causative agents. Once identified,
such populations should ke examined clinically, and toxi-
cological tests should be undertaken to provide additional
insights into pathogenesis and tc help identify causative
agents. In some cases, substantial epidemiological inves-
tigations may be needed to define arproximate dose-respcnse
relationships, especially when lcng-term, low-level expo-
sures and long latency periods are involved.

The need to include functional tests in epidemiological
surveys deserves special emphasis. Most chronic degenera-
tive diseases of such organs as the lung, liver, kidney,
or circulatory system initially manifest themselves as ghys-
iological aknorralities, before morrhological changes are
apparent. These alterations in crgan function can ke
detected ky clinical tests, usually at a stage where the
course of the disease is still reversikle. If eridemiolog-
ical studies include, for example, tests of liver or pul-
monary function, they can make it pcssikle not only to iden-
tify the early stages in the process of environmentally-
induced disease, but also to halt or reverse that process in
at least some cases.

EFA's current efforts to identify pcrulations at risk
kecause of exposure to polluted environrents are laudakble,
tut much more needs to ke done. FPorulations with sgecial
cccurational exposures and residents of geographic areas
with unusually high incidence of specific diseases offer
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much potential for valuakle studies. Tc avoid unprcductive
competition for the limited supply cf both epidemiologists
and funding, collaborative efforts among EPA, NIEHS, NICSH,
and cther approrriate institutions should be pursued. As
in the case of cancer epidemiology, EPA's strongest contri-
butions are likely to be in the area of characterization
and reasurement of environmental factors that may influ-
ence rarticular diseases. The determination of the disease
status of populations and the unraveling of causative pro-
cesses should draw on the expertise cf scme of the rore
specialized units of the Department cf Health, Education
and Welfare.

TOXICOLCGY

Tcxicclogical studies involving marrmalian, avian, and
aquatic species are the cornerstcne of research to deter-
mine adverse effects of environmental agents. 1In this chap-
ter, toxicology is discussed chiefly in terms of the use of
aniral (largely rodent) models as surrogates to test for
potential effects on human health. Toxicological studies
on other dormestic animals and wildlife are important for
the inforration they prcduce on environmental influences in
diseases of species other than man (see Chapter S5). Toxi-
cological experiments can demonstrate qualitative effects,
such as cancer or birth defects, that might occur in hurans
as well as in test animals, and they can suggest quantita-
tive (dose-xesponse) relationshirs. For some effects of
some agents in some species, a nc-effect level can ke dem-
cnstrated with a given degree of statistical reliability.
Toxicological research also includes study of mechanisms
cf action leading to effects.

Aniral studies have some serious lirwitations, however.
There are many uncertainties in attempts to relate data on
cne srecies, such as a mouse, to possikle effects in other
species, such as man. Guantitative comrparisons Lketween
species are especially difficult. Furthermore, it is vir-
tually impossible to match the ccnditicns of exposure in
the laboratory with those in the amkient environment, either
in terms of the timing cf doses cr in terms of the mixture
of pcllutants and other variabhles that cccurs in the "real
wcrld." WwWhen effects of very low-level, long-term exposures
are the object of the investigation, statistically valid
reasurements require either that a very large population of
anirals be exposed or that dcses:sukstantially higher than
those encountered in the ambient environrent be used.

Tests for chronic toxicity irvolve elaborate, cften
curkersore rrocedures, rmay take several years to corplete,

and can ke costly in equipment, animals, and manpower.
While much will continue to ke learned through long-ternm
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aniral studies, the development cf reliakle and widely
applicakle short-term tests that can be used as rarid
assays to select agents for more thorough testing is
still an important need.

This report concentrates on those areas of toxicology
that deserve high priority in research' cn the potential
effects of changes in the environment. Chronic tests for
carcinogenicity are not explicitly included among the rec-
cmmendations here, because we believe that importance of
chronic tests for carcinogens with arimal models is clear
and does not need to be stressed further. Emphasis should
ke placed, however, on continued develorrent of short-term
bioassays to serve as screens for potential carcinogens,
and cn epidemiological studies of environmental factors
in carcinogenesis (see akove).

Short-term Biocassays

Further develormepnt of shoxt-term
288ays _to_evaluate poteptjal effects
of environmeptal contaminants_should
coptinue to _he _given bigh _rricrity.

\

The current keen interest in effects of environmental
centaminants and the recent enactrent cf toxic substances
legislaticn, have made more urgent the need for effective
techniques for screening substances to determine the need
for mrore thorough testing. Short-term kioassays that can
reliakly and inexpensively identify carcinogenic or muta-
genic prcperties of chemicals are especially needed.

Research has been intense in this area in the last few
years, and encouraging rrogress has keen made (NKC 1975a).
Some bioassay systems for carcincgenesis are refinerents of
tests in anirals; these include the use cf newborn animals,
transplacental carcinogenesis, the transfer of carcinogen
injection sites into a secondary host, and the creation of
immunodeficiencies in animals to shorten the latency period.
The chief disadvantage of +hese test systems remains the
interval ketween the onset of exposure and the arpearance
of a turor.

Cther recently developed biocassay techniques used tc
indicate rotential carcinogenicity are based on changes
induced by the agents tested in microkial and cell cultures.
These changes include production of chrorosomal aberrations,
cytological alterations, or mutations; alterations of DNA
repair synthesis; reaction with rucleic acids; and jp vitro
cell transformation. None of these tests is comgpletely
predictive. Of those mentioned, the relationship Letween
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the carcinogenic activity of some ccmpcurds and their prc-
duction of certain typee of mutations has been examined most
thoroughly. Ames (1976) reports a high correlation between
carcinogenicity and mutagenicity when conpounds are tested
in the Salmonella-microsome test. When 300 substances clas-
sified on the basis of other data as carcinogens and noncar-
cinogens were tested, 90 percent of the carcinogens were
mutagenic. Furthermore, only 13 percent of 108 noncarcino-
gens tested were mutagenic. Altlrough this knowledge is very
valuakle, experience does not yet warrant reliance on muta-
genicity as a sukstitute for carcincgenicity testing. (In-
formation on mutagenicity is valuaktle fcr its own sake, as
well; see tlLe section below on kiocassays for mutagenicity.)
A drawback of jp vitro methods is the inability cf the cul-
tured lymghocytes or fikroblasts used in the tests to carry
cut scme enzyme-activated transformations that change non-
active sukstances into carcinogeric metakolites. Some in-
vestigators kelieve that cell transformation is more direct-
ly related tc carcinogenesis than either of the other tests,
but cell transformations have been reported for relatively
few carcinogens. Nevertheless, this potential kioassay sys-
tem has been chosen for extensive study ky the NCI (McCann
and Ames 1976).

Research to develop and refire short-term biocassays
should contihue to be conducted Ly agercies such as NIEHS
and NCI through those of their ir-house, contract and grant
rrograms that already have the arpropriate research direc-
tion and morentur. EPA as a regulatory agency should con-
duct screening programs for environmental contaminants,
using the kest develcpments that emerge from such research
Frograms.

Effects of Expcsures tc
Mixtures of Agents

Emphasis_should be given tg tcxico-
logical_studies_that simulate_exposure
to_multiple agepts that may bg rresent
in_an_epvironmental setting_tbat_poses
a_xisk_to humap health.

Very little specific toxicolcgical evidence is available
on hazards to human health that result from exposure to low
levels of hetercgeneous mixtures of contaminants. Humans
are exposed to contaminants in tlre air, in drinking water,
in fcods, or in combinations of all three. Although the
need to evaluate multiple-agent interactions has long been
recognized, the complexity of tests involving exposures to
several agents Lty more than one route cf administration is
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forridakle. This is a relatively new field of research; it
is ore in which we feel a considerakle expansion of effcrt
is needed.

In many occupational environments and in polluted urkan
areas, the most commcn route of exposure is likely to be
inhalation. 1Inhalation toxicology therefore is one useful
tool for study of exposures to mixtures of contaminants.
Inhalation studies have keen conducted or a wide variety of
single toxicants, and on some ccrnbinatiocns of contaminants,
amcng which are NO, and carbon particles (Boren 1964), SO,
and carbon particles (Dalhamr and Strandkerg 1963) , SO, and
soot (Pattle and Burgess 1957), S0, and NaCl aerosols (Amdur
1959) and chromium-bearing ore ard diesel engine exhaust
(Stuart et al. 1970). Some studies have shown synergistic
interactions of contaminants that produced reversikle or
irreversiktle disease. Scme combinations have been found
to be less toxic than either of the corpcunds alone.

A great deal of infcrmation cn inhalation toxicology
has keen developed, including considerakle knowledge of the
depositior and clearance of contaminants in the respiratory
tract. Further refinements of tlre techniques of inhalation
tcxicology will be required for investigations of complex
mixtures of contaminants. Replication of occupational cr
arbient environmrents for controlled studies is difficult
because of the complexities of generating and monitoring
multiple contaminants. Range-finding tests are required
to set the exposure levels for a chronic evaluation for a
given test animal, and concentrations significantly above
ambient conditions may have to be used. Improvements are
needed in methods of generating and monitoring contaminants,
and in the design of chambers and air-flcw systers.

The capability to conduct complex inhalation studies
has keen developed in a relatively small number cf govern-
ment and private cr university lakoratories. The most
fruitful approach to accomplish reeded irhalation research
wculd appear to be to ccntinue tc suppcrt such programs.

A more complete evaluation cf the effects of mixtures
cf ccntarinants requires tests based on cther routes of
administration, such as ingestion, as well as inhalation
studies. Tests combining inhalation and ingestion cf dif-
ferent agents are also needed tc mimric the actual condi-
tions of huran exposures.
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Biocassays for Mutagenicity

New_and jmproved bioclogical test systems
ggnggtaggnisisx.in_mamnala.ibgulg_hs
veloped.

Many kiclogical assays exist for testing the mutagenic
properties of environmental contaminants. Most involve
microorganisms or other simple systems such as Salmonella
cr Neurospora that allow rapid detecticn of mutations. The
use cf mamrmalian microsomal preparatiors in combination with
micrckial assays has increased tlke value of test results,
kFut such tests are still of questionable relevance in evalu-
ating the risk of mutagenic effects in wran or other ramrals.
Mice offer a better human analog, but such studies are time
consuming and require many animals. Ip vitro tests using
cell cultures or tissue preparations (including some derived
from humans) have proved valuable. In a few instances,
klood or urine from persons exposed to drugs or cther agents
have keen tested for mutagenicity on microorganisms (for
examgle, see U.S. DHEW 1976).

Additional riological tests that are practical, accu-
rate, and relevant are needed, kcth for screening chemicals
for mutagenicity and for testing the armkient environment for
possikle mutagenic hazards. Significant opportunities exist
to develor additional useful techniques. Research on the
mechanisms of mutations should ccntinue to be pursued, koth
to facilitate the development of bicassays and to increase
understanding of mutagenic risks; programs in this area are
under way now at NIEHS. Researclt to acccmplish this goal
should prcbakly ke relatively unfocused, and would ke Lest
performed in a number of existing university or government
laboratories with funding through certain of the National
Institutes of Health, such as NIEHS, NCI, or thrcugh the
Food and Drug Administration (FD2), rather than through EPA.

Behavioral Effects

Ioxicological research_cn_kehavjoral
effects should emphasize the develop-
mept_of correlatiops between behavioral
changes_and _otber measures_of functiopal
impairments.

Behavior derends on the functional integrity of a great
rany organ systems and metabolic prccesses. Toxic effects
cn any of the body's systems, such as the nervous, endo-
crine, or immune systems, may be exgressed in behavioral
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changes. Behavioral effects may in turn involve a wide
array of functional resgonses, such as mctor strength and
coordination, learning and memory, speech and communica-
tion, and emotional states. Exanples of behavioral effects
in hurans include interference with senecry and motor inte-
gration, and intellectual and emctional disabilities asso-
ciated with methyl mercury and lead toxicity, respectively
(Bryce-Smith 1972, Evans et al. 1975, Spyker 1976).

As noted earlier, ktehavioral effects can be extremely
deleterious to individual humrans and to society. Behav-
ioral changes in animals may have significant ecological
consequences, through irpacts on rrocesses like feeding,
reproduction, and predator-prey interactions. Current
knowledge suggests that subtle behavioral changes may occur
at extremely low dose levels, and thus may be sensitive
indicators of toxicity that wright be used to detect harmful
effects before irreversible damage has teen done (NRC
1975L) .

Assessrents cf behavioral effects inr laboratcry animals,
therefore, are potentially very useful fcr evaluating a wide
range of toxic responses. This advantage is partially cff-
set Ly the ccmplexity of behawior. So wmany different func-
tions are involved in any given kehavior that a kattery of
tests is usually required to screen for kehavioral changes.
Furthermore, compensatory mechanisms within the organism may
rask a tcxic prccess and its behavicral expression until
overt physical damage has been dcne.

A more fundamental difficulty, hcwever, lies in the
interpretation of results of behavicral tests. A great
number. of techniques available from experimental psychol-
ogy can reliably measure effects on kehavior; but kehavioral
toxicology 1is still toc new a field ¢tc have developed
unifying concepts or principles for determining the signif-
icance of behavioral effects.

Two arproaches, epidemiology and tcxicology, offer great
promise to shed further light on the effects on kehavior of
a polluted environment. Epidemiclogical studies on kehav-
ioral resronses, discussed akove, must fccus on the correla-
tions between changes in behavior and cther expressions of
toxicity. The most productive agpproach in behavioral toxi-
cology is also to emphasize investigaticns that can reveal
relationships between behavioral changes and other measure-
mrents of functional impairment based on such techniques as
neurophysiology, histochemistry, and morrhology. The rela-
tionshir ketween a given behavioral change and underlyira
functional deficiencies must be understocd before behavior
can ke used as a sensitive indicator of cther, covert *cxic
effects, and before behavioral screens can be employed to
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assess the potential toxicity of sukstances in a regulatory
context.

A secondary objective of research in behavioral toxi-
cology should be the developrment cf gquantitative, practical,
and reproducible test batteries that use behavioral changes
to measure specific functional impairments. Until the mean-
ing ¢f particular behavioral changes is determined, however,
uniform testing procedures cannot be developed (Spyker and
Avery 1976).

Coordinated multidisciplinary tcxicclogical research
is required to determine the correspondence between various
functional effects and their behavioral consequences. Pro-
grams with the needed combinations of training and experi-
ence to carxry out such research can be fcund in a small
number of universities and some government laboratories.
Because of the fundamental nature of much of the research
needed, universities should play a relatively large role
in carrying out the reccmmended rrograms. Several federal
agencies have an interest in aprlicaticns of behavioral
tests, and should be involved in the support and coordina-
tion of this research; among these agencies are the National
Institute of Mental Health, NIEHE, FDA, NIOSH, ERDA, and EPA
(thrcugh NCTR) . Some research tc develop behavioral assess-
ment techniques and to test specific sukstances before mak-
ing regulatory decisione has beer conducted within these
agencies and should prokably continue. XIEHS should be test
suited to coordinate research on kehavioral effects of envi-
ronmental pollutants.

Teratolcgy

Iexatological research shovld jrcreas-
inaly emphasize assesswents of rostnatal
fupctional disorders caused by rrepatal
Qx_perinatal exposure tc toxic environ-
mental_agepnts.

Toxic sukstances, including environmental pollutants,
can have rarked adverse effects cn the development grocess.
Embryos are especially vulnerable to exposures during the
organogenic phase of early develorment, kut functional dis-
crders rroduced rrenatally by toxic acticn may arpear at any
roint in the process from conception thrcugh postnatal matu-
ration. In mamrals, the nervous, endocrine, and immune sys-
tems seem to be most susceptible to darage; all three ccn-
tinue to differentiate well into the pcstnatal period.

Following the thalidcmide incidert in 1960, tests for
teratogenicity have been required for the approval cf new
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drugs; consequently, there is a substantial research base
from which to conduct assessrents of the teratogenic poten-
tial of environmental contaminants. Hcwever, measurements
of teratogenicity have sc far been largely based upon the
detection of relatively gross defects, such as structural
aknorralities, overt functional impairments at birth, or
retarded growth. It is unlikely that mcst exposures to en-
vironmental contaminants will prcduce such clinically okvi-
ous defects; and many subclinical effects may be overtly
exrressed only later in life, as defects in subsequent matu-
raticnal prccesses such as puberty. It is important, there-
fore, that the evaluation of teratogenic effects of environ-
rental agents ihclude tests for subtle functional impair-
mente and that evaluations ke continued for an extended
Fostnatal period.

Although +he assessment of miniral functional disorders
is a relatively new direction for teratclogy, there are a
number of useful tests that measure such effects. Nervcus
system darage as well as impairments of cther systems can be
detected with behavioral tests (see the preceeding secticn),
and specific tests for endocrine, immure, and liver enzyme
functions have been used successfully in a number of studies
(Wilson et al. 1976).

An important related need is for research on mechanisms
cf acticn of teratogens and the influence they may have upon
kiochemical rprocesses of cellular differentiation. PRecause
of the large number of chemicals and cther agents (and com-
kinations of agents) to which an emkryc may be exposed and
the length of time required for complete post-natal evalua-
tion cf rotential teratcgenic effects, short-cuts are ur-
gently needed to estimate the risk of teratogenicity for a
particular substance or class of sukstances. At present,
the kest hore of finding such shcrt-cuts is probably to
learn more akout the mechanisms cf action of specific sub-
stances. Knowledge on this subject is scanty, bkut oppor-
tunities exist for significant progress through more inten-
sive research (Wilson et al. 1976).

Most teratological research at presert is conducted by
drug companies to meet FDA regulaticns cn evaluation of
new rroducts. If this work were expanded to include more
extensive assessments of sukclinical functional deficits
over the life of the organism, it might ke of some general
use for environmental decision making. More specific evalu-
ations of teratogenic effects of envircnmental contaminants
are under way at NIEHS and NCTR. Some e€xcellent work is
keing done in a number c¢f universities, with support pri-
marily from the National Institute cf Child Health and
Human Develorment and the National Fcundation--The March
of Dimes. 1Increased surport of those existing reseaxrch
programs that are moving in the directicns described here

- 57 -

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18686

Effects of a Polluted Environment: Research and Development Needs
http://lwww.nap.edu/catalog.php?record_id=18686

appears to rromise results most useful for evaluating the
teratogenic risks of pollutants.

MECHANISMS CF ACTICN

Esssaxsh_anggld_hs_sxpandsé_;s-dsxslgn
pore complete jinformaticn on t

anisms_of action of a limited pumber of
environmental contaminapts and_sffects.

Inforration'on the rechanisms of action of toxic suk-
stances can provide the crucial link ketween evidence of
environrental exposures and observed effects (Miller and
Miller 1974). The term mechanisns of action encompasses
the full range of biochermical andé physiological grocesses
that cccur in living systems in resronse to environmental
contaminants. From initial exposure to some end point cr
effect, processes at levels fromr the suk-molecule to the
organism as a whole determine the ways in which sukstances
are akrsorked, translocated, and transformed. A similar
array of processes governs the responses of living systems
to the presence of ccntarinants. Research on mechanisms
geeks to illuminate, in biochemical and rhysiological terms
for the most part, the details of the rrocesses and changes
that occur.

Critical areas of informaticr related to mechanisms
include:

° . Uptake: Biological availakility at the host/envi-
ronment interface and at the surface of the target cell.

] Apnatomjc_Fate: 1Identity of target cells; rates and
extents of translocation, accumulation, storage, mokiliza-
tion, and excretion of chemicals and metabolites.

° Metaboljic Fate: Pathways, rroducts, by-products,
and rates of the metabolism cf tlke substance; toxication and

detoxication.

o Pathogenesjis: Functional and structural changes in
target cells, tissues, and organs.

Enowledge of mechanisms of action is extremely impor-
tant for the inference cf causal relationships. It can also
provide early indications of biological effects that could
rake it possible to detect the iritiationr of a pathogenic
process before overt disease appears, when preventive action
or early treatment are rossible. Information on mechanisms
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also cffers a basis for deducing the pctential effects cf
substances that have not been extensively tested. When the
mechanism of action of a known carcinogen, mutagen, or tera-
toger is understood, a demonstration that another substance
rroduces analogous biochemical or metakclic changes might
lead to a presumgtion that the second sukstance could have
similar toxic effects. Such extrapolaticns require further
rroof, tut knowledge of mechanisnms is the most valuakle
presumptive basis for choosing additional tests and for
estirating risks in the absence cf results of more time-
consuming studies.

Exanples of 'the need for infcrmaticn on mechanisms
can ke found in almost all of the probler areas discussed
earlier in this chapter. 1In research on mutations, for
instance, both the metakolism of mutagens and the molecu-
lar events associated with mutation need to be understood.
Such knowledge could help to answer the difficult question
cf whether a threshold exists for mutagenic hazards. The
study of environmental carcinogenesis requires informaticn
on the metakolic degradation of substances and the inter-
actions ketween products of metakolism and the genetic
raterial of cells. Because of the long latent period until
tumors appear, knowledge of changes in cell or tissue func-
tion that occur early in the onccgenic grocess is very much
needed.

It has kteen suggested that a small number of meta-
kclic pathways, perhaps fewer than a dczen, are involved
in the metabolism of environmental contarinants ky livirg
systemrs (Gehring 1975). Nevertheless, the processes may
be extremely complex; for example, different biochemical .
pathways may be activated at different dcse levels cf a
single sukstance (Miller and Miller 1974). Because of this
complexity, it seems unlikely that study of limited aspects
cf the mechanisms of action of a large number of substances
would lead to useful generalizations within the near future.
A sounder research strategy would be to emphasize concentra-
ted efforts to fill in gaps in knowledge of the mechanisms
cf action of a few well-studied agents (€.g., chlorinated
hydrccarkcns or heavy metals). [Cetailed understanding of
the molecular kinetics of processes that occur in response
to a range of doses and under different modifying conditions
will ke most useful roth for decision making and as a guide
to future research.

Vital as it is to understanding effects, research on
rechanisrs is sukject tc some important limitations. Varia-
tions in the ways a single organism or different species
respcnd to a given agent make the meaning of many findings
uncertain. Demonstraticn of a mechanism in a tissue cul-
ture, or even in a live animal, is not evidence that the
same process occurs in cther animals or ran; and elucida-
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tion of the mechanisms cf action of single agents doces not
necesesarily allow estimation of the effects of comkinations
cf agents. Understanding a mechanism of action may require
years, not months, of careful research (Miller and Miller
1974).

Nevertheless, the answers such studies can provide are
very important, and this field stould continue to receive
substantial emphasis in research planning. Several excel-
lent existing programs, such as those at NIEHS and NCI,
have been mentioned in earlier pcrticns cf this chapter.
EPA should interact closely with NIEHS and other agencies
involved in reséarch on mechanismns, to ensure that the
work is useful for the evaluation of potential environ-
rental hazards; EPA need not, howevexr, develor an exten-
sive program of its own to do such work.
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CHBETER_3
EEFECIS ON WILD AND_LOMESTIC ANIMALS

Buman-induced changes in the environment have had
adverse effects on both wild and domestic animals. Damage
to agricultural livestock, poultry, pets, and other domestic
animals has occasionally been severe, with important eccnom-
ic ccnsequences (Lillie 1970). TCamage tc wild birds, fish,
and mammals has decreased the aesthetic and recreational
value of the environment, ard this in turn has Lad consid-
erakle economic impact (L. Stickel 1975). 1In ecological
terms, effects on populations of cne srecies may have ccn-
sequences fcr other elerments in kiological communities that
interact with the affected organisms. 1In additicn to their
intrinsic irportance, effects on wild or domestic animals
rmay cccasionally provide corroborative evidence or warnings
cf pctential risks to humans.

RKesearch on effects on domestic anirals ard wilcdlife
rmust develor the same lines of evidence needed to evaluate
human health hazards. Specifically, closely coordinated
studies are needed to assess the health status of animal
populations in the field before, during, and after pollu-
tion episodes of short cr long duration; to measure expo-
sures of animals to agents suspected of causing any effects
cksexrved; to test the effects of the same agents on anirals
under controlled laboratory conditions; and to elucidate
the metakolic and ecological meclanisme cf effects. Effec-
tive study cf the irpacts of environrental contaminants on
animals requires integrated multidiscirlinary research.

Large gaps remain in our understanding of effects
of environmental contaminants on animals. Much cf the
puklished research has keen done in resgcnse to rarticu-
lar problems or specific needs for regulatory action,
and lacks both the breadth and the depth required to
.suppcrt wider extrapolations or more fundamental prin-
ciples. Furthermore, the state cf knowledge is differ-
ent for domestic and wild animals.

The ktiology and ghysiology of most economically signifi-
cant livestock, pets, and other domestic animals have been
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studied extensively. Relatively detailed knowledge is
available on toxic effects of some air pollutants, such

as fluoride and arsenic, and of certain water contaminants,
such as nitrate, that have had inportant impacts on live-
stock (Lillie 1970, NRC 1972). The nutritional and health
effects of koth excessive and insufficiert ingestion of many
cther trace elements have also been well documented, chiefly
from the perspective of improving animal production. Inves-
tigations of effects of environmental contaminants have keen
relatively uncommon, except in cases of substantial and ob-
vious injury to livestock. Very little is known yet about,
for example, the effects on domestic anirals of common urban
air pollutants like ozone and other rhotochemical oxidants
(Lillie 1970). Many farms and feedlots lie within heavily
gclluted airsheds (such as the San Bernardino-Riverside
basin), and it is important to know whether such environ-
mental conditions have had significant '‘effects on the

health cr productivity cf livestcck.

There are a number of striking and well-documented
exanples of effects of environmental contaminants on wild-
life, such as eggshell thinning in fish-eating birds due
to chlorinated hydrocarkon pesticides in the food chain.

In general, however, infcrmation on actual or potential
effects of contaminants on wildlife is far from comglete.
Relatively little is kncwn of the physiological responses
of wild species of terrestrial and aquatic vertekrates and
invertekrates to potential envircnmental hazards. Unlike
domestic animals, most wildlife organisms must continuously
interact in demanding ways with their surroundings (to find
food or a mate, to avoid predators, and so on). For wild-
life, therefore, subtle effects, such as changes in reprc-
ductive success or behavior, may have consequences for ropu-
lations that are as impcrtant as, or more important than,
mortality or overt toxicity.

A great deal of field and lakoratory research cn
wildlife has been conducted koth cn relatively easily
cbserved acute effects and on chronic, more subtle repro-
ductive or kehavioral impacts. Investigations have con-
centrated on organisms with important eccnomic signifi-
cance, such as agricultural pests, pollinators, shell-
fish, commercial food and game fish, and the food chain
orgarisms on which the latter derend. Effects on wild
birds and mammals have Leen studied less intensively,
although these effects have received much public atten-
tion.

Cesrite the substantial inforration kase availakle,
knowledge of effects on wildlife is far from adequate
(W. Stickel 1975). One fundamental rrcklem is the enor-
rous nunker of contaminants that are widespread in the
environment, and the vast array cf species that may be
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at risk. Ancther important lack is kncwledge of mecha-
nisms that exist within wildlife porulations that may
offset or compensate for effects of pollution.

Some basic problems common tc research on both domestic
and wild anirals have limited the usefulness of much of the
available information for estimating risks. Vulnerability
to maost effects differs sharply and unpredictably amrong
srecies; even within a species, effects can vary with such
characteristics as age, sex, nutritional condition, and
seascnal or reproductive state (w. Stickel 1975). Some
contaminants are ingested or abscrbed directly by animals,
while others aré accumulated by rlants or other organisms
in food chains. Toxic effects ray arpear only in animals
at higher levels of the food wek, scretimes well removed
in srace and time from sources of pollution. Indirect
impacts may occur in some porulations through ecological
interactions (such as decreased availability of prey or
pollinators) rather than through direct toxicity.

One very important area in wkich mcre information is
needed is the combined effects on animals of multiple pcl-
lutants and cther envirommental cr physiological stresses.
Many studies of the toxicity of rixtures of agents have been
done in the laboratory, rrimarily with aguatic organisms,
and interactions between some pesticides and physiological
stresses (such as hunger) have been examined in some birds
and fish (W. Stickel 1975). 1In general, however, not encugh
is known to estimate the risk involved in simultaneous cr
sequential exposures to multiple contarinants that are
likely to occur in the ambient environment.

T0 achieve the capakility to predict and prevent effects
cn domestic animals and wildlife, some kroad princigles of
cherical ecclogy mrust be develored. Unifying concepts are
needed to understand and predict species differences, tc
assess the risks of mixtures of pollutants, and to resolve
cther currently unanswerable questions. Such a structure
cf knowledge should ke kuilt up through well-conceived,
coordinated interdisciplinary research. Some critical rro-
grams to develor needed informaticn are described in the
recommendations that follow. '
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EPIDEMIOLCGY OF DOMESTIC ANIMALS

Efforts_should Le expanded to_arply
epid ical_tecbnigues_and_sur-
veillance programs_to_epviropmerpt-
alix:§;9§£§_§1§£s§s§_9£.ngggsis
animals.

Agricultural livestock, rpets, animales in zoos, and
small birds and animals that comronly share human habi-
tats are exposed to many of the same risks of environmen-
tally induced diseases as people are. Srecific functional
effects, causative agents, and rcutes of exposure may be
similar to or different from those experienced by man,
kut the end results--death, degererative disease, cancer,
kirth defects, mutations, or behavioral abnormalities--
rmay ke much the same for a great many sgecies.

Effects in animals with relatively short lifespans ray,
in some cases, serve as early warnings of potential chrcnic
effects in humans, and animal epidemiological data might
provide corroborative evidence of patterns of diseases in
ran. In wany other instances, the suffering and economic
damage that environmental agents cause in animal populations
are important in themselves, regardless cf implications for
human health. Some notable pollution-related outbreaks cf
disease in domestic animals include fluorosis in cattle and
sheer grazing in the vicinity of rhosphate or aluminum gro-
cessing operaticns (NRC 1974), ard toxic effects of feed
contaminated with-polybrcminated kiphenyls in farm animals
in Michigan (Isleib and Whitehead 1975). 1It is very likely
that there are many additional distinctive (if less obvious)
environment-linked patterns in tke incidence of diseases of
domrestic anirals, but unless atterpts are made to find them,
they may go unnoticed. Studies should ke undertaken to look
for such patterns, and when they are identified additional
tests shorld be pursued, including collection of tissue sam-
Fles, toxicological experiments, and clinical veterinary
studies.

Capabilities for conducting aniral eridemiology are
relatively limited at present. Most states maintain regis-
tries of diseases of livestock, and registries of tumors in
pets have been proposed in some areas, kut no systematic
effort to organize such a surveillance rrogram has keen
made. The opportunity exists, in ccnnection with huran
eridemiological studies that are likely to be undertaken
in the next several years (see Chapter 4), to include
information on nonhumran species exposed to the same envi-
ronments (Shimkin 1974, Doll 1976). Additional studies
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of livestock in rural areas might also ke useful. Neither
all the required techniques for detecting environmentally
induced diseases in animals nor the martcwer needed to
nount an effective naticnwide prcgram in this field is yet
available. A pilot program might be carried out instead
in a small number of carefully selected areas as part of
studies of human disease patterns in the same locations.
If this arproach fulfills its apparent promise, it should
receive a higher priority in the future.

TOXICOLOGICAL STULIES

Increased egphasis_should ke givep_to
toxicological tests for suktle effects
of environmental agents_op_a_widex
arxay of wild and domegtic anigals.

The physiology, toxicology, and pharracology of wild
and domestic birds, mammals, fisl, and cther organisms
differ considerably from those of man or of the standard
laboratory animal surrogates for man. Advances in toxi-
cological methods for evaluating risks to human health
should be paralleled by the development cf increasingly
sensitive techniques for detecting effects in other
species. Many available methods are adequate only for
reasuring acute effects of high exposures; a numker of
more sensitive tests exist, kut have been employed with
relatively few species. Most of the inpcrtant chronic
effects of low-level environmental pollution are likely
tc ke insidiocus. Experimental methods are needed that
can detect mutations, effects on kehavicr or reproduc-
tive processes, and subtle or sukclinical disease condi-
tions that may make the organism more susceptible to other
environmental hazards, such as predation, pathogens, or
adverse weather.

Some sensitive tcxicological methods have been adapted
to test for low-level tcxicity in wildlife; for exarrle,
behavioral changes have Lkeen observed in fish and tkirds in
respcnse to pollutants (Warner et al. 1966, Anderson 1971,
Heinz 1976) . Emphasis should be placed koth on extensicn of
emerging techniques to cther impcrtant wildlife species, and
on increasing understanding of the biolcgical and ecological
meaning of okserved effects.

LCetermination of the ecological significance of kehav-
icral and other subtle effects or animals requires labora-
tory studies that go beyond single species and examine
interactions typical of the ecolcgical ccmmunity. Fesearch
is needed to advance conceptual models and techniques fcr
experimenta)] study in this area. 1Initial efforts should
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ke directed toward develcping lakcratory tests fcr effects
cn pcpulaticn interacticns, which might then be verified
in the field. The research would need tc be multidisci-
rlinary, cocrdinating physiological, tcxicological, and
kehavioral studies with the sorts of investigaticns of
effects at the community and ecosystem level that are
described in Chapter 7.

It is important to examine effects cf pollutants on
animals of varied taxonomic grougrs and habits under dif-
ferent seascnal and physiological conditions. Research
on effects of combinations of chemicals, administered
concurrently and consecutively, deserves high priority.
For tcxicological studies to be most useiul for evalu-
ating effects in the field, it is essential to examine
the influence of as many of the relevant variables as
possikle under controlled conditicns.

FIELD STUDIES ON WILDLIFE

Eield_jpvestigations shculd Le_carried
Qut_in _parallel with experimental
studies_to_examine the_ ropulatign
dynamics, behavior, and_rerroductive
§uss.§§.9§..1ldllfe species_in_gol-
duted_epvironments.

Tc test the significance in the life of the organism
cf any effects revealed ky laboratory tcxicoclogical tests,
it is necessary to study wildlife pcrulations in the field.
Laboratory and field studies must bhe closely coordinated,
so that ecologists and toxicologists can make corparable
ckservaticns on the same species.

while laboratory studies are concerned with the re-
sponses cf small, ccnfined pcpulaticns cf animals, field
studies must deal with effects on larger, free-living
populations. Behavioral, reproductive, cr other chronic
effects may lead to changes in tre size, age structure,
cr sratial distribution cf populaticns. Field research
often requires many years for full evaluation of such
effects, kecause biological rrocesses may allow popula-
tions to respond to or compensate for adverse conditions.

Disease, corpetitior, predatior, the weather, and in-
herent characteristics cf the porula*icn con%*rikute to natu-
ral fluctuations in population density, and other factors
unrelated tc polluticn ray have adverse effects on wildlife.
If effects of pollutants are “o ke distinguished from those
due to other causes, field research rust be closely tied to
koth lakcratory tests and investigations of mechanismws.
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MECHANISMS OF ACTION

Increased reseaxch cn _the chysiological
and_ecological mechanisns of effects is
peeded_to_support findipgs of laboratory

and_field studjes.

The elucidation of kiological mechanisms of action
is ancther critical elerent in urderstanding effects on
wild and domestic animals. Information of this sort can
ke oktained by study of the metakclism and pharmacology
of chemicals in organisms and by examination of ecologi-
cal processes such as biocaccumulation, fcod chain trans-
fer, and degradation of pollutants. Such knowledge is
needed to develop princirles for defining, for exarrle,
the rhysiclogical basis of differences among species,
the nature of interactions among pollutarts or among
pollutants and cther stresses, and the relationships
ketween effects on a given organism and those on others
at different levels of a food wek. Such general princi-
rles are essential for the prediction of ecological
effects fromr limited data on the biological activity
of a substance.

A second valuable result of research on mechanisms is
knowledge of the physiological ccrrelates of effects on
kehavior, reproduction, or other important functions; such
knowledge can lead to accurate, sensitive, and simple bio-
assays for effects. Increased urderstanding of the mech-
anisms of toxicity might also prcvide a kasis for the use
cf sore specific wild or domestic animals as "sentinels®
to provide early warnings of potential environmental haz-
ards to ran, or to other wild or domestic species.

INSTITUTIONAL ARRANGEMENTS

. Fesearch on effects of envircnmental contaminants or
varicus aniral sgecies is being conducted in many govern-
ment agencies and universities. sStudies of effects on
livestock and other domestic animals have been conducted
or supported by the Cepartment of Agriculture (USDA), many
state agricultural research programs, the animal producing
indusetry, scre health agencies, and university scientists
in several disciplines. Research on effects on wildlife
is being done by or for the Department of the Interior
(Fish and wWildlife service), the LCepartment of Ccmmerce
{the National Marine Fisheries Service, in NOAA), USDA,
EPA, ERCA, NIEHS, and scme state agencies. Additioral
contriktutions have come from a numker of universities,
and NSF has supported investigations in this field.
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In general, rales and responsibilities for research
arong the many agencies involved have keen reasonakly well
defined and separated, kut improved cocrdination is still
needed in some areas, such as effects on aquatic organisms.

The research recommended here can rrcbably be accom-
rFlisted kest, at least in terms cf federal involvement,
within long-terr research programs in agencies with the
greatest interest and expertise in arprcrriate areas:
USDA for livestock and cther domestic animals, and COI
and NOAA for fish and wildlife. Some cf the basic Lkio-
lcgical research might ke done within cr be supported by
certain offices of NIH, especially NIEHS, and in univer-
sities.

As in most environmental research, interagency coor-
dination is important; in particular, research in other
agencies should draw ypcn EPA's knowledge of the current
cr likely state of the environmert and pctential impacts
cf new technologies, and EPA should be rade aware early
of any rroblems that might have important impacts on
domestic or wild anirmals.

A substantial amcunt of research manpower and resources
will prcbably need to be devoted to standardized toxicolog-
ical tests on domestic animals and wildlife to develop
information for reqgulatcry decisions. Wcrk of this sort
(beyond that required of industry) ought to be performed
by EFA, possibly through contracts with qualified rrivate
institutions. Short-terr research of this sort is essen-
tial; however, many of the information needs identified
in this chapter will be met only through sustained efforts
that ray require five tc ten years to prcduce answers.
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CHAPTER_©
EEEECIS ON_AGRICULTURAL ANL FGRESI_PLANIS

Arple proof exists that plants have keen injured by
changes in the character of the environment, especially
ky air pollution (Jacobson and Hill 1970). Vegetation
injured ky pollution may be killed or visibly damaged, cr
the effects may be more subtle, such as reduced growth or
yield, decreased reproductive success, cr lowered resis-
tance to disease, drought, or otlrer stresses. Scme current
environmental prcblems, such as chronic low-level air pol-
luticn by photochemical oxidants or the increased acidity
of rainfall, may have effects on vegetation over extensive
geographical areas. Such effects on plants could lead to
changes in the stability or productivity of agricultural,
forest, or other ecosystems.

The predominant emphasis in research on injury to
vegetation has been on the effects of air pollutants
on agricultural crops and on trees. The experience of
this panel, and *hus the recommendations of this chapter,
reflect that emphasis. Other kirds of vegetation may
also ke affected by pollution, hcwever, and those effects
ray bave important ecological and econoric consequences.’
Although they are not dealt with further in this chapter,
we feel that several additional areas of research deserve
continued or increased interest and sugpcrt. These include
studies of the effects of air and soil pollutants on
lichens, fungi, grasses, shrubs, and other native vegeta-
tion; investigations of the effects of water pollutants on
algae and other aquatic plants; and studies of the effects
of environmental contaminants on ornamental plants. 1In
rarticular, research on effects cn algae deserves high
priority, both because of the imrortant ecological role
played by algae and because of the dearth of information
about algal responses tc most toxic pollutants.

A great deal of research has been conducted on the
acute effects on a variety of agricultural and forest
plants of some air pollutants (chiefly sulfur dioxide,
ozone, and fluoride). Several estimates are availatle
of chronic damages, primarily due tc photochemical cxi-
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dants (NRC of Canada 1975). Dose-response data are simgly
not availakle, however, for the chrcnic effects cf most
contarinante, especially on natural plant communities and
ecosystens. To develop the infcrmation it needs for
decisions such as establishing or revisirg secondary air
quality stardards, EPA will need to draw on the experience
and resources of many elements of the plant research con-
runity. Majcr centributions to research on effects of
environmental contaminants on vegetation have been made by
universities, nonprofit research institutes, and government
laboratories, with funding largely from USDA, EPA, NSF, pri-
vate industry, and utilities; this diversity in research
should continue. To avoid unnecessary duplication cf
effort, sronsors of research should encourage timely
reporting of research results.

Befcre relationships between envircnmental contaminants
and vegetation damage in agricultural and forested areas
can ke determined, the concentrations and trends over time
for important pollutants in those areas must be measured.
The environment in or near urban and industrial locations
has keen extensively monitored, kut there has been no coor-
dinated effort to provide a continucus record of pollutant
levels in agricultural and forested portions of the coun-
try. Imgproved ronitoring is needed in order to estimate
+he effects of pollution on plant communities or *o enfcrce
nondegradation policies or similar protective measures
(Miller et al. 1972).

The most important phytotoxic pollutants to monitor are
czone and sulfur dioxide, which row cause and will grobatly
continue to cause the greatest amounts c¢f injury to vegeta-
tion, at least within the United States. It might also be
useful tc monitor peroxyacetyl nitrate (FAN), fluorides, and
nitrogen dioxide in specific rural locations, and many cther
cherical pollutants cr trace substances, as appropriate,
near specific sources.

The hydrogen ion content (pH) of rainfall, which is
determined ky the kinds and amounts of anions and catiors
contained in precipitation, may rave significant phy*otoxic
and ecological effects. Increased gonitcring in remote
areas of roth acidity and the concentrations of specific
ionic corponents of wet and dry precipitation is needed
to support studies of the effects of acid rainfall on
agriculture and forestry.

A coordinated nationwide prograr of monitoring of air
quality and of the composition cf precipitation in agricul-
tural and forested areas should ke undertaken. A review of
mronitcring needs has been conducted concurrently with this
project bty the Study Grcup on Environmental Mcnitoring cf
the NRC, and their report shculd be cornsulted for additicnal
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recommendations and discussion of monitcring requirements
and wethods (NRC 1977).

LABORATORY STULIES CN
FHYTOTOXICITY

Eifgxxg.ahguld_bg.gxnandsd,sg-dsxslge
ntitative dose-respopse data for
zhs_sifgsta_gz ggll.zantﬁ_gn_plansz.
through jindoor experimepts_undex copn-
:zgllsﬂ_sgndisigna

Basic dose-response data are still needed on the effects
cf mcst environmental contaminants on rplants, esgpecially
for long-term, low-level exposures (lLarsen and Heck 1976).
Indoor studies that attempt to simulate cutdoor growing
conditions rprovide models of effects of pollutants, which
can then ke tested in the field. Plant ropulations in the
field are influenced by many natural variables, including
light, temperature, air and soil moisture, soil nutrients,
insects and pathogens, and rhysiclogical states (seasonal
changes and life-cycle phases). The effects of exposure to
cne or more pollutants are usually superimposed on effects
due to other stresses, g0 that it is difficult to assign a
particular cause to observed chronic adverse effects. The
chief advantage of laboratory testing is that the inter-
actions among several such stresses (including mixtures of
pollutapts) can be studied by varying one factor at a tire.

Although elakorate chamber studies have been conducted
in a numker of institutions for many years, significant
crportunities to advance the sophistication of research
methods still exist. For example, programmable or compu-
ter-ccntrolled exposure chambers can be used to vary one
cr more factors and more closely simulate actual stress
conditions (McLaughlin et al. 1976, Doshi 1975). The study
of dynamic, multivariate systems is a rrcmising direction
for future research.

laboratory research would best ke accomplished in
those government agencies, ncnprcfit research institutes,
and agricultural experiment stations that have the neces-
sary facilities and experience tc¢ conduct complex chamber
studies. Funds should ke provided ky EPA, USDA and the
Forest Service (USFS), ERDA, and other interested public
cr rrivate sources.
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FIELD STUDIES OF VEGETATICN DAMAGE

additional empbasis_should ke placed
on_field xeseagxch to measure the effects
of _concentrations of pollutapts op plant
growth_and _productivity under actual
growing conditiocns.

Pecause no laboratory study, no matter how sophisti-
cated, can duplicate the actual conditions plants encounter
in the outdoor environment, mweasurements in the field of
injury to vegetation are essential. The soundest assessment
of the actual risks pollution rerresents to crops, forests,
and cther plant communities is one kased on mutually con-
firming results of indoor and field studies.

Some promising techniques have keen developed fcr
raking quantitative measurements cf the effects of air
pollutants on crop productivity. Field glots can be
covered with enclosures that exclude pollutants (by fil-
tration) but make minimal changes in other environmental
conditions (Mandl et al. 1973). Measured amounts of pol-
lutants can also be added to sucl enclcsures, or to field
Flote with no enclosures (Lee et al. 1975). Effects of
exposing vegetation to a given pcllutart concentration
in the lakoratory can thus be compared with effects of
the same kncwn concentrations under field conditions.

Field studies and indoor experimental research must
ke closely coordinated tc ensure conparakility of results.
Unfortunately, the research teams and institutions that
are Lkest prepared to do large indoor studies may not be
experienced in field research techniques. Programs should
te designed that inccrpcrate both elements. Here, too,
support should ke provided from EPA, USDA, USFS, ERLA,
and cther interested puklic or private sources.

MECHANISMS OF PHYTOTCXICITY

Research _should be_jntersified_cn
mechanisms of actiop of toxic_epvir-
onmental_agents_on_plapts.

Lack of knowledge of the metabolic and physiological
mechanisms of toxic effects of pcllutants on plants hinders
the achievement of several important okjectives. Perhaps
the most significant of these is the development of prac-
tical, reliakle biocassay techniques for detecting injury
to vegetation in the field on the basis cf physiological
indicators. Present measures cannot reliably distinguish
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metakolic responses of rlants to pollutarts from responses
to cther stresses, such as ccld cr drought. By the time
more reliable indicators of toxicity such as visible foliar
injury or reduced growth appear, damrage ray be irreversible.
A ketter understanding cf the physiological mechanisms cf
toxicity could rake it possikle tc detect injury at a time
when corrective action might still ke possible.

Research of this kind should also advance understanding
in such rroblem areas as breeding pollution-resistant varie-
ties of plants, assessing the effects of interactions among
multiple toxic agents and other stresses, anticipating the
impacts of new pollutants, extrapolating estimates of injury
from one species of plant to others that metabolize a ccn-
taminant in the same way, and determining the utility of the
threshold concept for damage to vegetaticn.

The elucidation of mechanismes of phytotoxicity is likely
to be accomplished best through long-term research efforts
in uriversities, private research fcundations, and the few
government laboratories that study fundamental problems of
cplant physiology. At present, the demand for dose-response
data and other information of imrmediate value is great. 1In
contrast, support for more basic investigations of mecha-
nisme has become increasingly limited. Greater funding in
this area should be enccuraged; it might most reasonably be
provided through NSF or other granting agencies that are not
rission-oriented.
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CHAPIER_1
EEEECIS ON _BIOLOGICAL COMMUNIIIES RND ECOSYSTEMS

Humanity degends on the continued functioning of ecc-
systems for food, timber, and other renewable resources
and for recreation and aesthetic amenities. Ecological
rrocesses also assimilate wastes, recycle nutrients, and
regenerate clean air and water. To protect these largely
irrerlaceable values, it is very important to know the
effects of human activities on eccsysters.

Evaluation of the pctential ecological impact of a
given envircnmental change requires information on effects
on units of biological corganization abcve the level of the
populaticn or species. We need to exarine structural fea-
tures of kiological communities, such as diversity and
akundance of species and interactions among populations,
and functional characteristics of ecosystems, such as the
transfer of energy, production of bicmass, and cycling cf
oxygen, water, and mineral elemerts. The stability and
resilience of these characteristics over time is ancther
important property of the system. Any factor, such as
pollution, that significantly alters the rates of one or
more critical processes within a syster can shift the
system to a new equilibrium state.

Spatial heterogeneity, the mcbility cf organisms, dcr-
rant structures, and other mecharisme give most ecosystems
a caracity to recover from many kinds cf perturbations,
even those that have severe immecdiate irpacts. Some envi-
ronmental imrpacts, however, might produce long-lasting or
irreversible detrimental ecological changes. It is there-
fore important to know not only the kinds of effects that
may occur, kut also the ability cf the system to recover
from those impacts it may absorb.

A great deal of research on the structure and functions
of ecosystems has been conducted in the last decade under
the ausrices of the International Biolcgical Program (IBP),
the NSF-RANN Environmental Systems Program, and cther major
Frojects. Much less has been dore to study the resgonses
of ecosystems to specific pollution stresses. Available
approaches for investigating such problems include labora-
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tory model systems, or microcosms; field studies of experi-
mentally perturbed communities of limited dimensions; mathe-
matical (computer) simulation models of ecosysters; and
field studies to measure effects on the scale of a regicnal
ecosyster. The predictive accuracy of each approach alone
is distinctly limited; taken together, they can groduce
research results that may approximate wreasurements cf ecc-
systenxr effects.

LABORATORY MICRCCCSME

Iecbnigues_kased on_lakcratcry micro-
cosms _should be refined and apclied, kut
thQ.leitﬁﬂ.ﬂtlli&!_gi-§B§b.§¥§S§m§_£QI
pxedicting ecosystem effects gust_be
recoanized.

A nunker of kiocassay techniques have recently Lkeen
developed that employ simplified microccsms of biological
communities. Srall ropulations cf six or seven "typical"
organisms representing different ecological roles are kert
in a small aquarium or terrarium; a sarple of a chemical
to be tested is introduced, and its kehavior and effects
are ckserved (Metcalf 1975).

Microcosm studies are appealing kecause of the speed
with which they can ke used to test mrany chemicals. The
systens are relatively simple and can ke mass-produced.

It is likely that such models will ke increasingly used

in evaluations of the potential environmental impacts of
new chemicals and other pollutants. It is very important,
therefore, to recognize the inherent limitations of the
technique for simulating the processes cf actual ecosys-
tems.

come microcosm studies have keen useful for rredict-
ing the kehavior of chemicals in the environment. Results
showing the extent to which substances may be biocaccumula-
ted cr degraded, and the nature cf the kreakdown prcducts,
have keen relatively accurate, as ccnfirmed by studies of
the same chemicals in the outdoor environment. Microcosm
studies, therefore, can ke very useful screening devices
for identifying substances whose tehavior may indicate
potential risks of biolcgical effects (NRC 1975).

The laboratory micrccosm is rot, hcwever, an adequate
nrcdel for predicting either the quality cr the magnitude
of effects on ecosystems. Because cf their structural sim
plicity, microcosms lack homeostatic mechanisms present in
real, corplex systems. They are thus sukject to random
changes, and to instabilities and perturkations that might
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rot cccur in nature because of built-in resilience.
Furthermore, it is generally not possikle to project the
Frobable ecological consequences of effects that may be
observed in microcosms, kecause the wrechanisms of effects
cn real ecosystens are simply not well enough understood
yet. In short, while microcosm studies may be useful tc
screen sukstances for further study, reliable predictions
of effects on ecosystems require more €laborate tests.

EXPERIMENTIAL PERTURBATICNE OF

COMMUNITIES
Increased _emphasis_ip _research._cn
€cosys ects_should be plagced_

on_experimeptal pextuxrkations cf
kiglogical comwunities in the_ field.

Experimental perturkations of ecosystems are a very
useful tool for producing important infcrmation about eco-
lcgical effects of environmental changes. In such studies
a numker of nearly identical plots, ponds, or streams within
a given system are used in statistically designed contrclled
experiments to examine the effects cf specific pertur-
katicns on the structural integrity and stability of biolog-
ical communities. The parameters measured include species
diversity, predator-prey interactions, productivity, energy
transfer, and other selected characteristics of the system.
To ccntrol changes due to the cyclic nature of many biolog-
ical processes, measurements should be made under different
arprcrpriate seasonal and environmental conditions.

Experimental manipulations of cormunities and ecosystems
have keen used successfully in recent ecclogical research;
examples include the Hukkard Brock experimental watershed
and the Brockhaven irradiated forest (Ecrxmann et al. 1974,
Cayton 1971, Hall et al. 1970, Paine 1966, Simberloff and
Wilson 1969). Such studies involved selective removal cf
key srecies, introducticns of new species, eradication of
whole trorhic levels, and intentional changes in inputs of
nutrients, toxic substances, radiation, or heat. Techniques
toth for making experimental perturkatiors and for measuring
tiological responses are relatively well-developed.

The chief advantage of field studles of this kind is
that they measure effects under actual environmental condi-
tione; there is no other reliable way to obtain much of the
needed information. However, such studies are elakcrate and
costly, and can look at cnly relatively small spatial urits
cf ecosystems, which may not be representative of the tctal
system in their response to stresses.
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€ome studies of this sort shculd be undertaken as ccn-
trolled experiments; that is, a rollutant or other environ-
rental stress should be introduced as part of the study
design. In addition, research skould continue ¢c take
advantage of suksequent effects cf accidents (large oil or
chemical spills, for example) and of existing pollution-
stressed systems (such as the forests arcund a lead smelter
or an aluminum refinery), where ccmpariscn studies can ke
conducted after the fact.

Pecause of seasonal and annual variakility, the resil-
ience of natural systems, and the time scales of many eco-
lcgical processes, several years of ckservations may be
required refcre reliable evidence of ecological effects
can ke obtained. The substantial costs cf long-term field
ecological research make it important to develop a rela-
tively small number of sites that can ke sustained until
useful results are derived.

SIMUIATICN MCDELS CF
ECOSYSTEMS

continved reseaxch js_peeded to_improve
sipulation models of ecosystems and_their
applications _to_the study cf effects of
enviropmental changes.

Matheratical simulation techriques, usually computer-
based, can ke very useful in modeling the behavior of at
least portions of ecusystems. Like lakoratory microcosrs,
such simulation techniques cannot, ky themselves, predict
ecological effects with much certainty. They can, however,
contribute to support for environmental ranagement decisions
when used in concert with the other aprroaches described
here.

Computer simulatione have the ccnsiderable advantages
of sreed and flexikility; the significance of new assumg-
tions or data can ke tested almost immediately. The chief
disadvantages of theoretical models, hcwever, are the in-
ability of models to include all relevant variables, and of
rnodelers to describe intricate biological relationships in
precise mathematical terms. Simulation techniques are rost
useful fcr predicting the spatial and temporal distribution,
novement, transformation, and accumulaticn of substances in
the environment. To the extent that these phenomena degend
cn well-understood physical and kiological processes, prcp-
erly designed modeling studies can predict with some con-
fidence the exposures tc various contarinants that organ-
isms or spatial units in an ecosystem will encounter. The
kiological mechanisms of effects on pogpulations or ecosys-
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tems, however, involve many variables and are much less well
understood; consequently, predictions of the resgonses cf
whole ecosystems to environmental stresses are beyond the
capakility cf most existing models (levin 1974).

A model must account for the distrikution of responses
in kcth space and timre in order to rredict effects cn whcle
ecosystens. Present models can esimulate with some accuracy
structural and functional changes in some subunits of eco-
systems through time. The greatest need now is to develop
models that can also inccrporate the sgatial varlability
(heterogeneity) of ecosystems.

Refinement of ecological models is a major okjective
of current research, and advances in eccsystem modeling
would be very valuable for envircnmental decision making.
If simulations of the spatial and temporal distribution
cf tcxic agents in an ecosystem could ke integrated with
models identifying the locations and time scales of criti-
cal structural or functional prorerties of the system, the
result would be a "map®” that could point to particularly
vulnerarle, as well as especially resilient, elements of
the system. Such predictions would need to be verified by
field measurements, but models cculd assist that effort
immensely by indicating what, where, and when to measure.

MONITCRING EFFECIS CN
ECCSYSTEMS

Regults _of experimental rerturkations
angd_predictions based op_simulation
wodels _should ke verified Ly mopitoring
programs_at_the ecosystem level, using
critical indicator orgapisgs. _rrocesses,
or_systep characteristics.

The only reliable way of knowing whether deleterious
changes are occurring in polluted eccsystems is to measure
the status cf systems in the field. Carefully chosen indi-
cators of critical structural or functicrnal elements of eco-
systems (such as species diversity, nutrient cycling, =rergy
flows, or primary productivity) should ke monitored. 1Ir
addition, some parameters shculd ke measured on a scale
larger than the local ecosystem. Fcr instance, regional
impacts on agricultural productivity, changes in water yield
or water quality, or changes in the heterogeneity of wild-
life hakitat cannot usually ke detec%ed in small exrerimen-
+al rlots, ktut rather might ke articipated through the com-
kined knowledge gained from experimental perturbation and
theoretical modeling, and then detected ky field okserva-
tion.
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A great deal cf past effcrt has keen expended in
gathering data (such as measurements of pesticide resi-
dues in soils, plants, animals, and hurans) with no real
sense of the possible ecological significance of the infor-
raticn keing gathered. The usefulness cf collected data
will depend on the soundness of the theoretical kasis for
choosing particular indicators. If the status of selected
organisms is to ke used to assess effects on ecosystems,
the crganisms chosen shculd be valid representatives of
critiecal functional guilds, such as primary producers, de-
compcsers, herbivores, rredators, and the like. If, on the
cther hand, the objective is to use wildlife as sentinels
fcr potential environmental hazards to ran, a sound theoret-
ical tasis must exist for drawing analogies between specific
respcnses ir those organisisms and risks to humans. In each
case, it is critical to know the tire delays Letween
exposure to an environmental agert and the appearance of a
detectakle effect.

An example of an important theoretical consideration in
selecting parameters to measure to assess ecosystemr damage
is the potential significance of impacts on organisms that
rank low in numerical akundance in kiological communities.
Monitoring has generally focused on the rost commron, easily
sampled representatives of a given functional guild. The
resilience of an ecosystem depends to a large extent, how-
ever, on the ability of less numerous sgecies to increase
their populations to fill an ecological role if the popu-
laticn of the primary species occupying that role should
decline. Thus, if an environmental contaminant were selec-
tively toxic to the most abundant species, the impact or the
system wright be less severe than if it increased mortality
randomly in all species within the functional groug. It is
important, therefore, to obtain information on the effects
of an environmental change on some cf the many numerically
uncormon species, as well as on the more abundant ones, and
to assess the impact on the kiological ccmmunity of mortal-
ity in relatively rare srecies.

Measurement of effects on the functicns of ecosysterns
at the regicnal scale should be kased cn monitoring of
important processes, as well as cbservations of effects
on representative organisms. Some critical processes to
ronitor include the hydrologic cycle, the transfer of
energy and production of biormass, the natural (biological)
regqulation of "pest®" porulations, and the cycling of nutri-
ents and cther elements. Research cn cne of these (nutrient
cycles) is discussed in detail below as an example; but po-
tential effects on any of these functions (and others nct
mentioned) deserve research attertion.
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Effects on Nutrient Cycles

A_pajor. coordipated effort should be
made_to _study the effects of pollutants
on_the cycling of elemerts ip_scosystems.

Cne of the critical functional characteristics of eco-
systems ig the cyclic movement of nutriernts, pollutants,
and cther elements among the atmcsphere, soil, water, and
living things. In both terrestrial and aquatic ecosysters,
processes carried out largely by microorganisms synthesize,
transform, and decompose the microchemical species of many
stages of biogeochemical cycles. It is possible that pol-
lutants or cther stresses could, through effects on the
environment itself or on the organisrs involved, alter
either the products or the rates of some of the myriad
chemical and biological rrocesses that rake up cycles.

Even small changes in the rates cf a few critical pro-
cesses could prcduce, over time, substantial shifts in

the pools or rates of flow:-of imrortant nutrients or of
undeeirable ky-products or pollutants. For example, a
change in the rate of denitrificaticn in soils or agquatic
systems could have adverse or bereficial impacts on pro-
ductivity, and on the generation of nitrous oxide, a crit-
ical factor in the depletion of stratosgheric ozone (Council
for Agricultural Science and Tecknology 1976).

Cur present understanding of rotential effects cf
environmental ccntaminants on bicgeccherical cycles is
too crude to assess the resulting risks cf significant
long-terr irpacts on eccsystems cr clirate. Most inves-
tigations of ecological effects cf pollution have not
exarined impacts on kiogeochemical cycles or underlying
microkial processes. One exception is tlre extensive body
cf research on effects cf fertilizers and pesticides on
soil organisms; kut even in this well-studied field,
systematic understanding of impacts cn ccmplex elemwental
cycles has gproved to be elusive.

Cn the other hand, recen+ large-scale ecological
research efforte such as the IERP have rprcduced a sukstan-
tial amrcunt of kasic kncwledge akout the ways important
nutrient cycles function in a variety of terrestrial and
aquatic systems. Some general principles have emerged,
ktased on repeated empirical okservations rather +han on
sophisticated theoretical constructs. Fcr instance, it
has keen noted that, in general, undisturbed ecosystems
tend to retain nutriente, while rerturked systems tend to
lose nutrients (Bormann et al. 1974, Neuhold and Ruggiero
1977). Although it is not yet clear why this is so, this
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knowledge may make it possible tc use rates of nutrient
flow fror a system as rcugh indicatcrs of stress or injury
o the system.

It would be very valuable, therefore, to make the study
of effects on nutrient cycles a majcr fccus of field inves-
tigations of the ecological consequences of pollution. Such
effects should be examired both for their utility as a meas-
ure cf general stress on ecosystems and to deterwmine the
rnechanisres involved and the ecolcgical significance of any
shifts that might occur in cycles.

The kiogeochemical cycles of nitrogen, carbon, and
sulfur are among the most critical and kest understood
nutrient rathways, and would be the sourdest initial
choices fcr study. Cycles cf ctler elerents known to be
either essential for life or particularly toxic should
also ke considered where feasible. Corparably designed
studies should examine nutrient cycles in a variety of
Folluted terrestrial and aquatic systers. Some environ-
renital perturbations that might ke investigated include
acid rainfall, heavy fertilizer use, pesticide arplica-
tions, fly ash fallout, fluoride and heavy metal pollu-
tion, and-sludge disposal. Some unstressed ecosystems
should also be examined, as controls. Field studies
should ke supported where feasible with laboratory and
sample-rlot studies.

Effective study cf a problem of this magnitude will
require coordinated effcrts involving microbiologists,
ecologists, soil scientists, limnolcgists, and many other
specialists. Studies may require five or ten years to
oktain definitive results. A unifying overview and close
coordinatior among many projects will ke essential if
such a program is to fulfill its prcrise.

INSTITUTIONAL AFRANGENMENTS

The kinds of research needed to rredict and measure
effects on kiological ccmmunities and eccsystems are cur-
rently being carried out by many investigators in diverse
specialties, located in universities, rrivate research
institutes, national lakoratories, and federal agencies.
Suktstantial suprort for ecolcgical research has come
through NSF (RANN), IBP, and other sources. Federal agen-
cies, including EPA, ERLCA, L[CCI, NOAR, USLA, and the Army
Corps of Engineers have supported investigations of ecolog-
ical proklers of specific interest to them. No single
agency, however, has taken the effective lead or coordira-
ting role tlkat is essential if ecological research is tc
be useful in making decisions on managing the environment.
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Much of the research recommended here, such as improve-
mente in theoretical ecclogy, is prcbably best carried out
in uriversities and national lakcratories, with surport from
traditional sources of funds for basic research in kiolcgy
and ecology. Because of the importance cf basic ecosystem
research for environmental protection, the adequacy of
curient funding levels for this field should be carefully
reviewed.

The results of most of the kinds of studies described
akove would be valuakle and useful tc EFA, ERDA, USLCA, and
a dozen or more other federal agencies that have responsi-
bilities for managing land and water resources, and for pre-
venting pollution and enhancing environmental quality. Some
of the recormended research ig short-term and decision-cri-
ented, and would be appropriately conducted by EPA or other
agencies, intramurally or extramurally. This category
includes screening chemicals withk lakoratory microcosms,
and using the most recent data and best available modeling
techniques to evaluate potential ecological impacts of rpar-
ticular actions. Other work, such as studies of experimen-
tal perturbations of ecosystems cr monitcring of nutriert
cycles, will produce information cf great value to a wider
grour of federal and state agencies, but only after a num-
ker of years. Commitmert to support several such studies
to completion would ke difficult for any single agency,
kecause the costs would be a considerakle fraction of any
agency's research ktudget, and most operate on a one-year
funding system. This research wculd prckakly best ke dcne
and suprorted with the participation of several agencies,
including EPA. Close coordinaticn of such a prograr would
ke required, and might ke achieved through a mechanism such
as the new White House Cffice of Science and Technology
Policy or the Office of Managemert and Budget. In order
to make studies of ecological darage kcth coherent and
relevant, such an overview and ccordinating mechanism is
essential.
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CHARETER_8
EFFECTS CN MAIEFIBLS

Practically all inarimate materials are subject to
some deterioration caused by both normal components of the
environment and contaminants of human origin. Deteriora-
tion of materials due to polluticn is extensive and costly;
so, however, is the damage caused by nonpollutants such as
sunlight, cold, or mildew. It ie extremely difficult to
assign exact dollar costs to deterioraticn of materials
(see Waddell 1974), but some estimates of pollution-linked
damages range as high as $3.8 killiorn rer year (Council on
Environmental Quality 1975). The value rmay be inestimakle
when the raterials damaged are irrerlaceable monuments,
works cf art, rare books and manuscripts, and historic
documents. Many materials affected ty deterioration are
also critical to national defense and to important manu-
facturing, transportation, and ccmmunication capabilities.

The most significant pollutants in terms of deteriora-
tion of materials are the acidic sulfur and nitrogen oxides,
photcchemical oxidants and ozone, hydrogen sulfide, some
particulate substances, and a few other acids, bases, ard
salts. These may act individually, in ccmbinaticns, or in
concert with moisture, temperature changes, and cther natu-
ral environmental variables.

INSTITUTIONAL ARRANGENMENTS

Responsikility for the coordipation

of research on_the effects of environ-
mental _pollutants op materials_should
ke_assigned to_a sipgle_federal agency.

Substantial research on the deterioration of materials
and cn the prevention of deterioraticn has been conducted
Lty the federal government and by industry, especially since
1940. Government activity in this area was stimulated
largely Ly %World War II, and later ky the space program.
Within the federal government, materials research has been
dispersed arong the various agencies whose missions are
adversely influenced by deterioration of materials, such
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as the Cerartments of Defense, Agriculture, Transportation,
Housing and Urban Development, tle National Aeronautics and
Srace Adrinistration, the National Eureau of Standards, the
Naticnal Archives, the Library of Ccngress, and the National
Science Foundation. For more than 20 years, the National
Academy cf Sciences maintained a Prevertion of Deterioration
Center that iacluded advisory and service groups (Greathouse
and wWessel 1954), but it Aropped the effcrt in 1965 because
of insufficient financial support.t

The division of resronsikility and consequent fragmen-
tation of materials research has inevitakly led to over-
lap in efforts and to inefficient use cf availakle knowl-
edge. In our judgment, the most urgent needs in the area
of effects cn materials are for imrproved coordination of
research, and for more effective dissemination of existing
knowledge. These needs should take pricrity over research
cn srecific deterioraticn problens discussed below.

Lead responsibility for research on the effects of pol-
lutants on materials should ke assigned to a single federal
agency, frokably the National Bureau of Standards. The role
of the lead agency need not include conduct of the entire
research and development effort, tut it should include coor-
dination of programs of various agencies and operation of a
system for gathering and distributing information on materi-
als damage and its prevention. Monitoring the environment
to lccate and identify deterioration hazards would ke a very
important element of such a coordinated program, and might
test ke performed by EPA.

CORROSION OF METALS

Regeaxch is peeded cp tre mechanisms of
of protective measures.

Many metals, especially steels, and also some light
metals such as aluminum, are susceptikle tc corrosion by
acidic agents. Extensive research has keen carried out
for many years by government, industry, and research insti-
tutes on the causes, mechanisms, and costs of metal cor-
rosion (see for example Fink et al. 1971, Gillette 1973).
Cespite this research, corrosion contiruves to exact its toll
kecause of the ccntinued use of suscertikle materials, the
lack of suitable protective measures, and a failure to apply
availakle knowledge to prevent ccrrosicn. The precise dol-
lar cos* of corrosionr caused by envirormental pollutants is
unkncwn; kut the total cost of ccrrosicn is enormous, ard
rrevention of even part of the corrosicn due to pollutants
would ke a great ster fcrward. There is therefore a sound
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economic incentive for additional federal government
research on corrosion, to supplement that being done
Ey industry. The needed research includes:

o studies of physical and cherical mechanisms of
different forms of corrcsion;

. development of improved protective systems, such
as coatings and cathodic protection; and

. wider dissemination and use of gpresent knowledge
akout preventive or corrective systemrs within government,
industry, and other domestic users of susceptible metals.

DETERIORATICN OF ORCANIC MATERIALS

Additional rrocesses_shculd_be developed
to _prevent deterioration _of critical
organic_materials.

Almost all organic mraterials are sukject to some deteri-
cration ty environmental pollutarts. Arong the irrortant
raterials affected are cotton, wcol, paper, leather, plas-
ticizers, polymers such as natural and synthetic rukbers,
plastics and synthetic fibers, ard protective and decora-
tive coatings such as paints, enamels, varnishes and lac-
quers. Deterioration may take the form of bleaching,
stiffening, cracking, lcss of strength, gpeeling, or any
cther charnge that leads to disintegraticn and loss of
ability tc carry out the functions for which the materi-
als were made or chosen.

Photochemical smog is particularly important in deteri-
craticn cf crganic materials. Ozone, crganic peroxide
nitrogen compounds, and oxides of nitrogen are the ghoto-
chemical pollutants that do the most damage (Wessel 1972).
A considerakle amount of researchL has keen performed on
deterioration cf organic materials, kut the proklem is still
far from understood or ameliorated. Many of the materials
susceptible to such damage are okjects or articles whose
useful lives are normally expected tc ke short. Neverthe-
less, prolonging the life of some of these materials by
S0 to 100 percent would save many millions of dollars per
year.

MNany of the materials affected are used by private
industry to make short-lived products for sale to the gener-
al public (Mueller and Stickney 1970, Gillette 1974). Some
of the same materials are also used, however, in such itenms
as textiles, plastics, raper products, and coatings, that
are required in large quantities by the military. The grob-
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lem of deterioration of organic materials used in natioral
defense should ke critically reviewed, in our judgment, so
that federal research funds may ke assigned appropriately
to basic research in this critical area.

EFFECTS ON IRREPLACEAELE CEJECTS

dddiciopal xesearch should ke _dcpne to
prevent deterioration of irrerlaceable
nasignal_;;saau:gg_ﬁ_sn_sa mopugents,
-rare _kookg, ranuscripts,
ang__iatgzis_ggsnmsnta

Ceterioration of the organic materials used in most
works of art, books, manuscripts, and historic dccuments
is a protlem of very large dimensions. In one notakle
examgple, about ten percent of the two million volume col-
lection of the New York Public Lihrary Reference Derart-
ment has keen damaged by polluticn (Wessel 1972).

Rare raintings, tapestries, cther ckjects of art, ard
kockes and manuscripts in all parts of the world rust be
carefully protected to rreserve them fcr future generaticns
(Plenderleith and Werner 1971). Research cn conservaticn
and rreservation methods has beer conducted for many years;
in the United sStates the federal effort has centered mairly
in the Likrary.of Congress, the Naticnal Archives, and the
Smithsonian Institution. This laudakle work is expensive,
and funds have been too limited to suprort an adequate
research program. This research should ke expanded, and
additional funds should be made availakle to the responsi-
kle federal agencies for conservation and preservation gro-
grams kased on protective measures that are developed.

Statues, monuments, and kuildings ccrposed of stone or
cther incrganic raterials also may ke susceptible toc deteri-
oration ty environmental pollutarts (Riederer 1971). Prc-
longed exrosure to acidic pollutants can erode, crurnktle,
cr weaken tlre structure of many stone cbjects. The most
effective way to alleviate further deterioration of this
type would ke to reduce levels of environmental pollutants.
Until this is done, research is reeded cn methods of prc-
tection and restcration that can prevent the loss of such
irrerlaceable historic okjects.
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NOTE

1 The Departments cf the Army, Navy, and Air Force sug-
ported the program from 1945 through 1965. The program
concentrated on the investigaticn of chemical mechanisms
for prevention of deterioration. Additional information
is available in the Archives of the National Academy of
Sciences.
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support the work of the Panel on Effects of Ambient
Environmental Quality of the Environmental Research
Assessment Committee:

Tirothy Atkeson Proof of Effects in Environmental
Law

william E. Cooper Research Needs on Effects on
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Ecosysters
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