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NOT ICE 

�his report is one of several coHmissioned by the 
Environment�! Research A-ssessment comml�t!e for us e 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 th ose of the 
Committee. · 

!he project of which this is a �art 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. T.be members of the pan el responsible 
for the repo rt were chosen for tl:e their special cottpetences 
and with regard for appropriate balance. 

!his report has been reviewed cy a group other 
than the authors, according to procedures approved ty the 
Report Re�i ew committee consisting of me�bers of the 
National Academy of SCi ences, the National Academy of 
Engineering, and the Institute of Medicine. 

'Ibis study was supported by the 
Environmental Protection Agency. 
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�he Panel on Effects of Ambient Environmental Cuality 
was cne of four pane ls commissior.ed �Y the Environmental 
Research Assessment Comnittee (ERAC) to identify s cientific 
and technical information needed for effectiv e regulatory 
decision waking. The reports of the panels are p a rt of 
the assessment by ERAC of t he role of research and develop
nent in the u.s. Environmental Protection Agency (EPA), an 
analytical assessment that is, its elf, one part of a more 
extensive study by the National Pesearch council of the 
acquisition and use of scientific and technical informa
tion �Y EPA in its regu latory decision maki ng. 

The prime objectiv e of the EPAC study was to examine 
the �rocesses by which inforroaticn is acquired by EPA 
through research and development. Because thes e processes 
hav e both managerial and scientific as�ects, the committee 
divided its work in to t�o parts. one part, concerned with 
the organization, coordination, and management of research 
and devel opment to support the agency's nission, is th e 
subject of a separate report by the ERAC itself. The other, 
which deals with the identifica tion of technical opportuni
ties for research and with strategies fer guiding research 
planning, w as divided anong the four panels. The report 
of the Panel on sources and control Techniques deals with 
research needed on the generation of residual s and strate
gies for their control. The repcrt of the Panel on Fates 
of Pollutants deals with research needed on the tra nspo rt, 
transformation, and accumulation of pollutants ir. the envir
onment. �he report of the Panel on Environmental I�pacts 
cf Resources Management deals with research nee ded on the 
environmental consequences associated with the dev elopment 
and use of natural resources. 

�his report, prepared by the Panel on Effects of 
Ambient Environmental Quality, deals w ith the identification 
of fundanental and important needs for information 
on the effects of pollutants and other environmental changes 
on humans, ether living things, and ��e nonlivinq environ
roent. In its charge to the Pan el on Effects of Am�ient 
Env ironmental Quality, the ERAC asked the panel to recom
mend research s t rategi�s and pr iorities that would �roduce 

-�-
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information on the effects of environmental agents on human 
health and the environment, critical to the EPA's needs in 
setting ambient standards and o ther regulatory decisions. 
The objective of this panel's study was, therefore, to 
identify questions that EPA need s answered and to suggest 
effec tive ways to ap�ly the naticn•s diverse capabiliti es 
to the task of finding those answers. 

�he discussion and recommendations �resented in this 
report are a synthesis of the cor.tributicns of individual 
�anel roembers. In the course of the study, panel members 
prepared background papers; these papers are listed in the 
Appendix of this report. Copies are available u�on request 
fro� the Enviro�ental Studies Board, National Research 
council, 21 01 Constitution Avenue, Washington, o.c. 20 4 18. 

�he Environmental Research Assessment committee 
wishes to ex�ress its a��reciaticn of the contributions 
made by the members of the Panel on Effects of Ambient 
Environmental Quality in the pre�aration of this r eport, 
for the coo�eration of the members of the various agen cies 
and institutions, and for the a�sistance and support of 
or. �illiam J. scott of Children's Hospital, Cincinnati, 
and tr� Leroy H. WUllstein o f  the University of Utah, 
who served as consulta nts. It a lso wishes to acknowl
edge the contributions made by the staff, particularly 
the dedicated work of Or. Edward Groth III who, as Staff 
Officer for this panel, provided invaluatle direction, 
support, and editorial assistance. 

Johr. M. Neuhold 
chair�an 

Environmental Research Assessment Committee 
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�he pur�ose of this study was to identif y funda�ental 
and impor tant n eeds for inf ormation 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 conce�s and central themes 
related to research on effects of pollution are empha
sized throughout the re�ort: 

1. The complexit y  of environmental exposures and 
causative processes and the al most limitless n umter of 
substances that are or �ay become environmental contami
nants make a substanoe-ty-subst�nce approach to research 
on effects impractical. Instead , this report examines 
categories of effects that may be produced in various 
living and nonlivi ng receptors. Research on these eff ects 
cannot be a l l-inclus ive ;  instead, it must buil d and ref ine 
a framework of general �rinciples, based in itial ly upon 
detailed understanding of a limited nu�ber of ef fects of 

.specific substances. 

2 .  The task of understanding effects i s  mul tif aceted, 
and each disciplinary a�proach (e.g., e�idemiology, toxicol
ogy) can shed light on only a part of a �roblem. In a ny 
area , be it human·he alth. ecology ,  or effects on climate, a 
wultidisciplinary, problem-oriented strategy for research 
is essentia l. In order to achieve an adequate understanding 
of a cause-eff ect relationship, congruent results are needed 
from labora tory tests, measurements of eff ects in the field, 
and studies of mechanisres of action. 

3 . �here are definite limi te tc what can be learned 
from research on the effects of �ollutants. Inadequate 
basic knowledge and the sheer cow plexity of processes b eing 
studied make it impossitl e exce�t in isola ted instances to 
answer with certainty the kinds of questions posed by, for 
exam�le, interactions auong multiple causative agents or 
the long-term effects on clima te of the combustion of f uels. 
Regulatory decisions usually must of necessity be based on 
�art ial inf ormation and on extr a�olated esti mates of risks; 
nevertheless, research can narrow the r ange of uncertainty. 
Furthermore, long-term research en funda�ental scientific 

- 1 -
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problems is the most effective way tc unravel such �yste
ries, ar.d studies of this kind must be supported for th eir 
value to future d ecision makin�. 

4 .  we recognize the need to establish priorities 
fer allocating resources among research �rograms on dif
ferent aspects of the effects of a pol luted environment. 
we believe firmly that it is vital for a national research 
str ateg� to maintain diversity and bal ance among diffe rent 
p roblem areas (e.g. , he a lth, ec o logical effects) and re
search approache s (e . g. , toxicological testing, simula tion 
modeling). Research planning must also balance the need 
for research to support immed iate d ecisicns with the need 
to increase fund ame ntal scientific und erstanding. That 
said, this re port does identify some priorities among infor
mation needs within particular problem are as or research 
approaches. our recommend ed priori ties are based on an 
assessment of an appropriate comprehensive strategy for 
al l research on effects of pollutants; they re f lect judg
ments of the usefuln ess of different kinds of infornaticn 
to the advancement of knowledge nee ded fer both current 
and future environmental management d ecisions. we recog
nize that these priorities may not be entirely appropriate 
for the Environmenta l  Protectiop Agency (EPA), with its 
specific legislative m andates and d ead lines and the shifting 
political d emands being made upor. it. cur charge, however, 
was to address i nformat ion need s in the broader context. 

GEN£RAL CONCLUSIONS ANI RECO�M!NDA�IONS 

���-� ad d resses �roblems that a��ly to research 
in several d ifferent prcblem areas, and recommends some 
elements of a genera l  s trategy fer re search . 

�he s o lution tc some problems that are vital to under
standing effects of environmental changes requires a long
ter� corrmitrrent of effort that is usual ly not possible in 
an atmosphere of rapid re spons es to a shifting array of 
new issue s. We therefo re recommend that such research te 
cond ucted in i nstitutions without d ay-to-d ay regulatory 
responsibilities. 

In our judgment, the top pricrity that has been assigned 
to research on effects en h uman health in the past has teen 
somewhat at the expens e of investigations of other kinds of 
impacts . In the future, added errphasis should be given to 
research on effects of �ollution on critical ecosystem func
tions, such as the flow of e ne rgy and cycling of nutrients. 

- 2 -
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�here is a �ressing need for estimates of the costs 
cf pollution that are properly grounded in economic th eory 
and reake the best use of avail able data. We recommend that 
economists a nd natural scientists interact as early as pos
sib l e  in the planning and cond uct of resea rch, so that data 
gathered will be us eful for economic a s  well a s  scienti fic 
anal y s es. 

In order to take advantage of the opportunities for 
research presented by well-defined episodes of heavy pol
lution, an improved capability should te establish ed f or 
rapid inves tigations of the effects of such incidents. 
such a rapid -resp onse function should draw upon the 
resource� of bo�h EPA and the Cente r for Disease Control. 

�he way in which research results are used in the 
d ecision-making process is also exa�ined in Chapter 2. 
we conclud e that policies should be adopted to fes ter 
extensive peer revi ew and critical evaluation of th e 
sc ienti f ic basis for regulatory decisions. The failure 
to make p ubl ic a rigorous assesswent of research data 
has in the past been a part of the cause for reversal of 
some of EPA's d ecisions. we reccmmend, therefore, that 
EPA pub lish d etailed suwmaries 9f the evidence it ccnsid
e rs, and of t he scientific basis for its judgments of 
the vali dity an d credibility of speci fic studi es. 

RESEARCH NEEDS CN !FFEC�S 
ON WEATHER ANt CIIMA�E 

Pollution-induced changes in clinate, should they 
cccur, would probabl y have more far-reaching consequences 
than any other effects d is cuss ed in this report. Resea rch 
to nod el the mechanisms of climatic change is unlikely to 
resolve critical uncert ainties in the ti�espan d uring which 
crucial policy choices �ust be made in such ar eas as en ergy 
devel opment. R es ea rch sho uld be undertaken, therefore, 
using somewhat sirepler aodels, tc estimate at least th e 
upper and lower limits of potential cli�atic effects. 

�h2�1��-1 assesses research ne ed s  on the effects of 
pollution en weather and clirrat�. �he tighest priori�y 
for study ir this category is to define the limits cf 
pcssitle clireatic change that reight result from carton 
dioxid e errissions from the combustion cf fossil fuels. 
Other important information-needs include the biological 
and climatol ogical co�sequences cf �edificatio n of the 
ozone layer, and impacts on local or reg io nal weather, 
climate, ar.d biota of sulfur emissions fr om po wer plants. 
It is most iropcrtant to recogn�ze the international ch ar
acter of each of these problems ,  and thus of any contem
plated remedial actions. 
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RESEARCH NEEDS CN EFFECtS 
ON HUMAN HEALtH 

Measures to protect human health frou e ffects of envi
ronmental poll utants will continue to require multifaceted 
r es earch support, as examined in �Et!�· At present, 
th e greatest n eed is for more and better information on 
the health sta tus and mortality rates of populations e«
�osed to polluted environme nts; the highest priority for 
research. ther efore, should be given to e pidemiological 
studies. Iuproved registries of JllOrtality and morbidity 
data a re an ess ential prerequisite to such research. 
Recow-uended areas of emphasis in epidew-iology includ e  
studies o f  the roles o f  environmental f actors in causing 
cancer and chronic degenerative diseases; increased sur
veillance of populations for mutations and birth d ef ects; 
and Studies to correlate behavioral effects with othe r 
indicators cf to xic response . 

In the field of environmental toxicology, we recommend 
that the highest priorities be assigned to the refinement 
of bioassay s for rapid screening of potentially toxic s ub
stances for such properties as carcinoge nicity and nutageni
city , and t o  advancement of tec�r.iques for testing exposures 
to mixtures of agents. Additional areas of toxicological 
rese arch that should be emphasized include studies to deter
mine th e functional corr el ates of behavicral effects and 
invest igaticns of developmental def ects caused by p renatal 
exposures to pollutants . 

the tqird i mportant area of research related to hea lth 
effects is investigation of the nechanisus of action of 
toxic agents. We recomn end that re search be concentrated 
on the development of increasingly detailed knowledge of 
a relatively small number of c ritical �etabolic pathway s  
for a limited number of agents. rath er than dispersed auong 
efforts to describe parts of the pictu re for a large nureber 
of substances. 

RESEARCH NEEDS ON EfFEC�S ON WILD 
AND DOMESTIC ANIMAlS 

As in other problem are as, ar. integrated multid isci
plinary approach is required to de termin e the effects o f  
specific environmental poll utants on particula r spe cies 
of animals and to support the formulation of some general 
principles. In ����.� we reccmmend that highest pric r
it y be placed on cl osely coordinated l atcratory and fi eld 
stud ies to examin e the subtl e e ffects of chronic low-level 
polluti on on the behavicr and reproduction of animal popu
laticns. Closely relat ed ne eds are for studies of the 
consequences of such eff ects for populations in ecological 
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communities, and for information on the �hysiological and 
ecolcgical aechanisms of action cf pollutants. we also 
recoromend active exploration of the usefulness of epide
miological studies of domestic animals, toth as a tool to 
detect effects on animals and as a sentinel for possible 
hazards to humans living in the eame en vironments. 

RESEARCH NEEDS CN EFFECTS 

ON AGRICULTURAL AND FOREST PLANTS 

The greatest need for informaticn about pollution
induced injury to plants is to deter�ine the effects on 
agricultural crops and forest vegetation of chroni c expo
sures to low-level contamination of the environment .  The 
develop ment of such knowledge will require coordinated 
research programs, described in ��1!,_§. The crit ical 
needs include monitoring the atmosphere and pre cipitaticn 
in agricultural and forest areas to de termine contaminant 
levels; laboratory chamter studies to ottain dose-response 
data for vegetation damage under contrclled conditions; 
more extensive field studies to ae asure injury under actual 
cutdoor grcwing conditio ns , including some work using 
experimer.tal enclosures; and inyestigaticns of the aecha
nisms of pollutant action and plant res�cnse. 

RESEARCH NEEDS ON EFFECTS ON EIOLOGICAl 
COMMUNITIES AND ECCSYSTEMS 

Research on effects at the community and ecosystem 
levels of biological organization requires quite a differ
ent approach from that used to study effects on organis�s 
or species. The elements of such an a�proach are described 
in �bAgtt,_z. In order to measure and predict 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 ether siaplified 
model systews, controlled experiaental perturbations of 
biological communities in the field, siaulation modeling 
techniques, and long-term field cbservation of crit ical 
indicators of the s tructural and functional integrity 
of ecosysteas. Experimenta l perturbations in the field 
deserve highest priority for sup�ort of environmental 
decisions. The study of nutrient c ycle s  is highlighted 
as an example of an area in which research resources might 
te st r.� concentrated in order to learn more about the 
eff ec�· :• of pollutants on ecological �rocesses. 
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RESEARCH NEEDS ON EFFEC�S 
CN MATEICIALS 

Damage to inanimate materials due to environlliental t:cl
lutar.ts is extensive and costly. The �ost critical need 
as far as understanding and preventing such damage is not 
increased study of the �roblems, but i��roved coordination 
of existing res earch programs and more effective dissemi
nation and use of available knowledge. For this reason, 
our highest-prio rity recommendation in 'bl��§ is that 
lead responsibility for federal governn-ent research on 
environmental effects on materials be assigned to a single 
agency. In addition, some particular research areas that 
deserve e�phasis ar e studies of the mechanisms o f  deteri
oration and methods to �revent such da�age where it occurs 
in the form of corrosion of netals; damage to organic mate
rials, and destruction of irreplaceabl e objects such as 
works of art, monuments, rare bocks, and histori c docu
ments. 

INS�ITOTIONAL AFRANGEMENTS 

our recoamendations for res•arch programs are accom
�anied by suggestions for assignnents of responsibility 
for the conduct, support, and coordination of the r e
search. �e have emphasized the roles o f  many di fferent 
agencies of the federal government in environmental re
search; but, where appr opriate, roles for investigators 
in state agencies, universities, industry, and other pr i
vate research institutions are also described. 

suggestions for apportioning responsibility among 
agencies are included in our recommendations f or research 
on most �rotlems. These are based on knowledge of �as t 
contributions and current prograHS and of the legislative 
mandates, research needs, and mix of expertise o f  the dif
fer�r.t agencies; and on our judgnents of the kinds of re
search programs best suited to carr y out particular rec
ommended investigations. In some cases, even though cer
tain resear ch is very iHportant for environmental protec
tion, we recommend that EPA sh ould � devote its l imited 
resources to such studies, because sufficient research of 
high quality is already teing done elsewhere. In nany 
areas, �e recomnend that a number of a gencies and institu
tions should cooperate to use their couplementary strengths 
and capabilities to carry out needed programs. The numer
ous examples of problems that require uultifaceted study add 
significant we ight tc the need fer close coordination and 
collaboration among agencies wi th co�mcn research interests, 
a need that is so often cited but so seldom effectively 
achieved. Needs and mechanisms for coordination of federal 
environmental research are addressed in detail in the report 
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�Bail'E-1 

1Hl�ll2���-12B-l!f�E�liQH 
QB-lDI_EFF�I�-a_fQtlYlEQ_J���BONH�tii 

Many ch anges in the eharacte% of the environment 
that result from human activities can affect human health, 
�lants, ani�als, biolog ical comrounities and ecosystems, 
material s, or weather and climate. so�e of these effects 
are teneficial, some adverse, and scroe of indeterminate 
significance. Most changes in tr.e envircnment that are 
inimical to human health or well-being are unintended 
results of activities pursu ed to enhance that well-teing. 
When human beha vior, institutione, or economic pur suits 
must be adjusted to reduce or p�event those adverse effects, 
ether social objectives or s trateg ies for achieving thea 
may have to be modified or s acrificed. Sel ection of the 
opti�al str ategy for prctecting cr enhancing environmental 
qual ity requires that decision makers either reconcile such 
competing goals , forge a c ompromise, or, at worst, choose 
one over another. such decisions must ultimately rest en 
social, rather than scientific, considerations. 

While scientific and technical infor�ation is not in 
itself a sufficient basis for decisi ons, it i s  a n  essential 
�rerequis ite. Decisions to protect t he environment require 
reliatle scienti fic information en: 

• the physica l and chemical nature of environmental 
�ollut ants; 

• the size, discharge characteristics, and distr i-
buticn in s�ace an d time of sources cf substances of 
inte%est; 

• �recesses of transport, transformatio n, degrada-
tion, ana removal of contaminan ts within and among the 
various cem�artments of the environ �ent; 

• concentr ations and durations ef expo sures that aay 
te encountered by diverse receptcrs; 

• the effects of such expcsures en those receptors ;  
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• the biological, ec onomic, and scc ial consequences 
of those effects; 

• the availability and e ffectiver.ess of techniques to 
control or reduce th e le vel of ccnta�inants in the e nviron
ft'e nt; and 

• the costs and tenefits cf th oee control measures. 

Among these c ategories, information on effects of envi
ronmental changes is of pivotal i�portance for decision
�aking, f or without knowledge of certain, likely, or pos
sible effec ts, there wo uld be no impetus to take action. 
Furthermore, information on the �ag nitude of effects must 
be ccmpared with estimates of the costs cf protective 
Keasure s in order to decide what action is appropriate 
(NRC 1975). 

AN APPROACH TO ASSESSING �!SEARCH 
N!!DS ON !!FEC'IS 

Ideally, decision makers would like to know. all of the 
p ossible effects on all types of receptors of every poten
tia l or actual change in the environment (including but 
not limited to introduction of contaminants), before taking 
regulatory action to liKi� or p�event such a ch ange. Since 
it is patently i�possible to obtain information in such 
blanket fastiion, �esearch must concentrate instead on the 
development of detailed knowledge of selected specific 
eff ect� of a limited nuKber of environa.ental agents. From 
that information, broad principles for evaluating the risks 
of changes in the environment may be deduced, to be tested 
and ref ined by subsequent research. Planning for such 
investigations must te 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 eff ective allocation of limited research resources 
to efforts to close the gaps (Caldwell 1976). 

The Nature of Effects 
of Environmental Po llutants 

An e�fect of an environmenta l pollutant is expressed as 
a change in some receptor exposed to th e pollutant. The 
receptors may be humans, animals, plants, and microorga
nisms; biological commun ities and ecosystems; natural and 
�an-ll'ade materials; or the geophysical systems that deter
mine the weather and climate. In e ach of these categor ies, 
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effects lt'ay appear as changes in nany different tissues, 
organs, systems, states, or �r ocesses. Effects 
in organisms, for instance, �ay include altered enzyme 
activit y, a tumor in the lung, or changes in behavicr or 
rep rod uction. Examples of changes in ecosystems include 
altered ecological succession, reduced s�ecies diversity, 
and changes in the capacity to assi�ilate wastes. 

�he approach used in this report is tas ed not on 
specific pollutants or classes of environmental contami
nants, but rath er on categories cf effects, as expressed 
in a variety of receFtors, that night be produced by many 
different environmental contaminants or combinations of 
agents. 

�he 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 in� ly relative pricr
ity, and the interrelat ionships among effects should be 
recognized. Effects on wildlife or ecological processes 
nay presage eff ects on human health, and the consequences 
to mankind of certain effects (fer exaH�le, climatic change) 
may ultimately be far more serious than any dir.ect threats 
to health pcsed by the �ol lutante involved. Each type of 
effect discussed in the report has, to a varying degre e, 
social and economic consequences; determination of these 
is often a �rerequisite for deci sion making. 

�he distribution of effects in s�ace and time is impor
tant. Effects may be local or global; nay involve a fe� 
individuals or an entire species ; may te trans itory or con
tinue for centuries after the onset of environmental change; 
and way be reversible or cumulative and ultimately irrever
sible. A grea t roany deg�ees can be identified within each 
of these dimensions. 

Patterns of susceptibility are another important aspect 
of effects. sensitive sub sets of varying sizes within a 
population cf organisms or subunits of an ecos ystem may be 
at risk from exposures that are rel atively harmless to the 
rest of the populaticn or the syste�. In humans, for exam
�le, fetuses, infants, the aged, and p eo�le with certain 
diseases or special inherited or physiological conditions 
may be hypersensitive g roups. Anonq other living organisms, 
differences in sensitivity a�ong species may be �renounced. 

some·environmental contaminar.ts can have effects t hat 
are neutral or teneficial to th e receptor; for exa�ple, 
some trace contaminants of drinking water are also essen� 
tial nutrients (NRC 1 97 4) . Other contaminants, such as 
chemical pesticides, can have sutstantial socially desir
atle 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 tene� 
ficial effects, in that all of the consequences of a given 
environmental change must be evaluated ty decision �akers. 
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 focused on individual chemicals or physical agents 
(for example, noise, heat, particles). Agents have been 

tested singly, or at most in comtinaticns of two or three, 
with other conditions controlled as part of the experimental 
desiqn. In the environment, however, innumerable pollu tants 
may te present simultaneously, inter�ittently, or sequen
tially; and factors such as temperature, light, moisture, 
and physiological and ecological states and processes are 
likely tc vary a great deal. Pollu tants and these other 
factors may interact in additive, antagonistic, or synergis
tic ways to produce the observed effects. It is essential 
that toth researchers and decision makers recognize and take 
into account the complexity of causative processes. 

Mechanisms 

It is i�portant to know not cnly what effects occur in 
response to exposure to a poll uted environment, tut alsc how 
they cccur. For organisms and fer ecosystems, information 
is needed on the biochemical, physiological, and pharmaco
logical mechanisms of u�take, translocation, accumulation, 
storage, biochemical 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. Information on mechanis�s can clarify cause
effect relationships, and may prcvide a basis for predic
tion, prevention, or treatment of e ffects. 

the study of mechanisms is �articularly important in 
cases in which environmental agents undergo transformations. 
some chemical reactions in the environment and metaboli c  

�rocesses i n  many organisms can degrade and detoxify con
ta�in�nte (for example, see discussion in NRC 1977). In 
other cases, chemical or biological precesses may p roduce 
substances that are far more toxic than the origlnal mate
rial (for instance, see Wood et al. 1968, Hall 197 1). 
Greater understanding of these processes is an inportant 
need. 
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tose-Response Relationships 

�. is the amount cf a substance in the environment to 
which a receptor is exposed, sumwed over time. The magni
tude and timing of exposures, of the appearance of effects, 
and ef recovery when expes ure ceases are important dose
response pa rameters. 6� effects oceur in minutes to 
hours, and JYbl�Yt! effects in days to weeks, in res�onse 
to exposures to relatively high concentrations of agent s. 
��is effects, in contrast, appear only after extended 
periods, sometimes approaching the lifetime of the organ
ism. Chronic effects may resul t froar long-term, low-level 
expoaure• or may be due to short -term, larger doses, but 
appear only long after exPc>sure to causative agents has 
ended. Probably the greates t current needs for additional 
information about effects of en v ironmental contaminants 
involve chronic effects (Congressional Research service 
1975). 

Many environmental agent s reach rece�tors by more than 
one route, and at different rates ty each pathway. For 
example, huarans aray be exposed tc a given toxic sutstance 
in air, drinki ng water, food, pharmace uticals, and in oceu
paticnal environments� It is important (though. di fficult) 
to be aware of and account for all such exposures and their 
contributions to total dose. scare contaminants ac cumulate 
in living tissues, making the cuarul ative dose over time 
significant even at extremely lo� 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, i f  it does exist, 
wheth�r 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 
general ly accepted; in other cases, however, such as car
cinogenesis, the concept is vigorously debated (Bingham and 
Falk 1969; �otin 1976; Anonymous 1976). In most testing 
systems, some level of exposure can be identified at which 
there is no �tteqtcg adverse effect. This fact may be due 
to one or more of the following considerations: (a) saarple 
size--effects may occur at all exposure levels, tut wi th 
such a lc� frequency at the levels tested that their detec
tion woul d be.statistically significant only with a much 
larger population of exposed or ganisms: (b) measureRent 
techniques--effects may te present, tut not detected by 
the �articular testing �rocedures avai lable; (c) biologi
cal defenses--excretion, detoxification, DNA repair, or 
ether mechanisms may enable the crganism or system to cope 
with a lov level of exposure. 
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The Nature cf Research on E ffects 
of Env ironmenta l Pollutants 

Effects of environm ent al pol lut ion, and especially 
chronic effects of low- level expcsures, nay be expr essed 
so subtly or obscurely tha t they are difficult to d etect 
a nd �asure, a nd concl u sive proof of causation may te all 
tut impossible, even after d amage ba s teen done. we be
lieve tha t  in many case e it is ne t acce�table to postpone 
decisions until such proof is ava ilable, especially when 
the only truly convinci ng ev idence would be the occurrence 
of, for e xample, seriou s dama ge to human healt h or a ma jor 
change in climate. Ac tion mus t i nstea d be taken to pre 
vent adve%se effects, using presumptive evi dence and valid 
scien tific esti�ates of the natu re, •agni tude, and proba
bili ty of the effects. For instance, the r isks to huma n 
health inherent in long-term exposure to low levels of toxic 
substance s have been es tima ted f rom studies of the effects 
cf · higher doses of the eame substances on laboratory anireal s 
(e. g., Boel 1 976). Sim ilarly, the responses of some plants 

and animals with well u n�erstoo� phy siological processes to 
measure� ex posures tc pollutan ts in the labora tory have teen 
used to model possible responses of ether organisms to the 
same pollu tants in the a�bient environment. 

Reli ance on indirect evi dence of this sort, however, 
intrcduces addit iona l uncertaint ies into the asses sment of 
ri sks . �he underlying tiological principles tha t  �ight sup 
�ort the validi ty of so�e such extr a �o lations may net yet be 
known . For exa�ple, there is not y e t  an accep ted theoreti
cal basis for a �tltl�! tr ansfer of data on carci nc
geni cit y from one speci es to another, e. g. ,  from roden ts to 
humans, a l though most empirical results support a quali ta
tive extrapo lation. so�e sophisticated sta ti s tical tech
niques have been developed for es ti�ating the ma gnitude cf 
risks to hunans of very low-level e xposures, using data on 
far higher exposures in animals cr hum ans: but in many cases 
the biological models that must te a ssu�ed in maki ng such 
esti nates have not been (and may nev er be) ve r i fied (Hoel 
et al. 1975 ). similarly, there i� not yet any relia bl e  way 
to tran9l &te data on effects of a pol luta nt und er c cntr c l l ed 
la boratory conditions into esti mates of the ef fects that the 
same pol l utant might have i n  in termittent exposures, i n  the 
presence of other po llutant s, and with numerous ot h er uncon
trolled variables in the ambient environ�ent. Data on the 
effects of a given poll utant can so�e ti�es be used to p re
dict eff ect s  of chemically similar compounds ; however , 
k nowledge of the relations hip betweer. struc ture and bio log
ical activity i s  sti ll too incom �le te to make this approach 
wid e ly appli cabl e, and some erroneous conclusions might be 
reached i f  structur e-ac tivit y correlat ions were relied upon 
as the chief basis for assessments (Van tuuren et al. 1 972) . 
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Some c ircumstan ces c f  environme ntal exposures o r  c har
acte ri st ics o f  the causativ e proces s make it quite diff i
cult to des ign stud i es that rel i abl y l ink effects to their 
causes. In ma ny c ases , an e ntire po pulation of hu m ans , 
plants, or ani mals is ex posed to a poten tial ly toxic aut
stance, m aking it im poss ible to use a c c�parable une xposed 
segment o f  the �o pulat ion as a c cntro l g roup. Ins tead, the 
�opula tion m ust be examined over ti �e. cr c omparisons made 
wit h  grou ps elsewhere that have not been exposed to the 
agent. Introducing such geograp hic or tem po ral diffe r e nces 
into the co �parison intr oduces addit ional variables (for 
instance, o ther environm ental fa ctors and changes in the 
population itself) for which there is often no control . In 
ot her cases, the app earance of e ff ects �ay be long delayed. 
for e xam ple, so�e developmenta l abno rmalities may not be 
ex presse d until relat iv ely late in the life of an organism 
(Coyle et al. 1976, Spy ker 1976) : s o�e k inds of hu�an can-

cers have latent perio ds o f  20 y ears or �ore ( Bing h am  et · 
al • .  1 976) ; and some mutations, tecause o f  th eir recessive 
nature, may be observed only in later generations. 

�he lim its cf Research 

�here are many ques tio ns abc ut the e ffects of environ
mental poll utants that science can pose, but can not answer . 
some questicns, such as the extr apolatio n  of es tim ates of 
risks o f  cancer disc ussed ab ove, may t e  inheren tly unanswer 
a b le, or say need to await the deve lopment of addit iona l  
fundamental knowled ge. Others m ay t e  t h eoretica ll y answer
abl e, but !�practical to address because of the cost, t ime, 
and ef fcrt required .. For examp le, it has b een esti �at ed 
that a stud y to dete rmine experi�enta l l y  whethe r  genetic 
effects of rad iatio n  in mice are linearl y r elate d to doses 
at e xposures that would increase the natural incidence of 
mutations by 0 .. 5 per ce nt , with statistical ly significant 
res ults at a confide nce level of 95 �ercent, would require 
eight billion mice (Wein terg 197 5) .  

· 

I n  m any cases, t h er e fore, pr co� o f  e ffects of er.viron
ftental changes m ay not te at tainable t hrou gh exp er iroen tal 
re se arc h. Deci sion s wil l  of necessity have to be based on 
e xtrapolation and statistical assess�ents o f  ris k. In the 
f ace o f  continu ing a nd  unre so lvatle ma jo r gaps in funda
mental knowledge, rese ar ch on s o�e pro tlems may cf fer l i ttle 
�romise of produc ing me a ningful answer s .  such questions 
m ust be i dentif ied,· s o  that necessary social decis ions �ay 
be �ade on the str ength of whateve r i§ known, and other 
(nonscientific) consideratio ns ( �RC 197 5). 
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Rese arch on the Econcmi c Iro�act s of Fol luti on 

like our knowledge of the biclogic a l  measurerrent o f  
effect s , our current ability to a s s ign economi c va lues to 
�ff ect s i s  characteriz e d  by s i g n i f icant gaps i n  ava ilable 
informat ion and limitat ions in exi sti ng theory . Econom ics 
can �rovide a mechanism for comparing the value s of some 
othe rwise nonco��arable ent i ti e s , through the u s e  of ma rk et 
prices and substitut e measur es . However , subj ecti v e  va lue 
judgrrent s must be made if do llar va lue s are to be a ssi gned 
to s uch outcomes as ri s k  to human l i fe or the surv i val cf 
bal d  eagles . Determ ina tion of the ful l social impact o f  a 
change in the environment requires con si deration of cos ts 
in labor , energy , loss cf amenit ie s ,  d e � letion or d estr uc
tion of natural resour c es, and othe r i nd irect but signi fi
cant cons equence s .  

Envi ronment al econo�ists can use ava ilable mcd e l s  t c  
infe i val ue s  f or some � ffect s  a n d  can �reduce e stim ate s , 
however crude , of the cost s  of pcl luti on .  The rel iabi l ity 
of such e st imates is li rrited by sci ent i f ic uncertainti e s  
in the prediction o f  e f fect s ,  a s  we l l  a s  by the di f ficulty 
of ottain ing d a t a  in the f orm requi red by economic roode ls . 
Improved �conomic me asurements o f  e ffe cts depend , therefore , 
not cn ly on advanc e s  i n  economic re sea rch and i n  data col
lection , cut al so on im�rovement s  in kr.cwledge of the nature 
of a dverse eff ects of e xpo sure s  to env iron�ental po llutants 
and cf the like lihood o f  their occurrence . 

�he Mult idi scipl ina ry A � �roach 

�he study o f  the e f f ects o f  environ�enta l  poll utant s 
i s  a corr� lex und ertaking requi rir.g the coordi nated part ici
�aticn of many scienti f ic and t echn i cal di scipl i nes . Fer 
exam�le , eva luat ion of the role cf tox ic environmental 
agents in d i se a ses o f  humans or anirr �ls depends en contri
butions fro� ep idemiology, patho logy , �harmacology , to x i 
colo�y,  clinical medic i ne, and other s � e ci a lt ie s . Research 
� rog ran.s that faci l i tate the i nt e racti on of worker s in sev
eral di scipline s on int err el ated a s � ect s of a problem, 
begi nning with the posing of re s earch question s , have 
shown considerable promise for �roducing information of 
gre at va lue . 

Cuality o f  Research ��s ult s  

I n  order t o  �ake th e information that i s  ava i l a t le to 
deci sion makers current , r e l ia b l e,  and credibl e ,  re sea rch 
must be tas ed on sound scienti f i c  princi�l e s  and method s , 
must ask relevant and crit i cal que s t ions , and shculd J r a� 

- 1 5 -

Copyright © National Academy of Sciences. All rights reserved.

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

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


as �uc h a s  �os s it le upo n the be st scie n tific talent of the 
coun t ry. The objectivity of re s earc h is al so v e ry impo r
tan t .  Unfort��ately , many rese a rch inve stigations are 
de si gned to pr ove a po i nt o r  to gather informati on to s up
�ort on ly one s ide o f  a controvers ia l  i s sue .  such work is 
often conducted by i nterested part i es in adversary situa
tions, and it a credi bilit y is conseque ntly sus pect . 
ce apite obvious potent i a l  bi as e s , howeve r, the quality ef 
some such re sea rch roay te h igh , and the resul ts extreme ly 
valuable. To increase public c onfi dence in the quality 
and integrity of t he re search u s ed for dec is ion mak ing, 
pee r review and simi lar saf eguar ds aga inst potential bias 
should te used extensively i n  ga the ring and evaluating 
info rmation (NRC 1975). 

PRI NCI PlES FOR ES�AELI SBING 
RES EARCH PR I CRI1IES 

Resea rch resourc es are fin i te and aust the re fo re be 
appl ied t o  areas that offe r  substantia l epport unit ies t e  
�roduce results of t he  grea test value for deci s i on m aking. 
Thi s need a p plies parti cular ly te the li aited research 
tudgets of regulatory a gencies s uch as EFA. · 

Eecause of the subj ective eonponent inevitable in any 
rankin g of the relative impo rtance of research topics, the 
c riteria used shoul d be stated expl icitly. The conside ra
tions that fo ll ow a re o nes we have use d ; others �ight u se 
them , wit h their own em�ha s i s ,  fer sett ing res earc h pri ori
tie s . sone of the se c rite ria mi ght be g iven g reater we ight 
than others, but they are n ot l i sted s �eci fically in order 
of relat i ve  importance . 

1he pan el agreed un animousl y  that rese a rch reso urces 
should be a p p l ied to th e study o f  i n�ort ant ef f ects, but we 
could f in d  no completel y  o b j ective def init i on of im portance. 
The i�orta nce of effects ma y be proPort ional to all o r  s o me 
of t he  fo ll owing variab les : 

• the magnitude of iropac ts e x� er ie nced by in dividu al 
human be i ng s ,  anima l s ,  plants, o th e r  o rgani sms , inanim ate 
mate ria ls , or e cosystems af fecte d by changes in the 
environ�rent ; 

• the numbers o f  people , an ina l s ,  � l ant s ,  and so forth, 
so a ffected ; 

· 

• the amounts o f  energy , food , n atural resources, 
ecol ogica l �rocesses, or other aneniti es that ma y b e  made 
un avai lable (o r avai lab l e) becau se cf ch anged envi ronmental 
qual ity ; 
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• the econom ic valu e of ben e f its or dam ages, or the 
costs or benef its to individual s or society of living w ith 
t he e ffects : 

• t he geographical extent o f  effect� : 

• the ti�e Qver wh ich e ffec t e  ma y be felt : 

• whe ther ef fects a xe r eve rsible or irrevers ible . 

Addi tional c riteri a beyo nd t�e i�por tance o f  effect s 
inc lude : ·  

• t he s ocial and ec cnomi c co r.se que nc es o f  re gul atory 
acti cn (or i naction ) : 

• the i�ediac y of e �t her the c cnse quences of envi ron
Dental change or the ne ed to beg in r es earc h; 

• t he extent to which identi fi ed infcrmation ga�s 
in.fluenc e regulatory decisions ( for e xatrt:le , see North 
and M erkhofer 1 9 75 ) . 

• the magnitude of informaticn ga� s : (this int uiti ve 
cr iter ion may be mislea ding, if lac k o f  informa tion is 
due to a deart h of b as ic pr inciples to guide research or 
if the to�ic fa ils t o  m eet the o the r cr iter ia stated here ; )  

• the e xistence of a dequate tasic knowl edge , me thodclo
gies , an d t heoreti cal c cn structs· to tra k e  rese arch feasitle : 

• the resolvabi l ity of quest ions with a practical atrount 
of r esource s and time : 

• the avai labi l ity of ca pab l e  train ed person ne l, ap t:ro
priate faci lities , a source of fund ing, a f avora ble researc h  
environme nt , and s o  forth ; 

• the brea dth o f  ap�licab i l i ty of re su lts . 

Popu lar interest i n  certain �ro tle trs and result ing 
t:oli ti cal pressures tray drive res earch in the directio n 
o f  s eeking information on specif ic e ffec ts ,  

�
re g ardle ss of 

�het her other cr iteria are met . conver s ely, res earch that 
meet s  all previous crit e ria tra y r.o t se e� justif i ed to an 
appr opriations committe e, a bure auc rac y, or the Off ice cf 
Mana gement and Bud get . �ile politica l dec is ion makers 
have a legitimate ro le to play in t he definition of pr iori
ties, co ntinual shi fts cf atte ntion to new "poll uta nts cf 
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the rrcnth "  can create an unstablE at�os�here that � ake s it 
�i f f icult to maintain the conti nuity of re search. 

�he c riter i a  spelled out her e are intended to be applied 
to research proqrams th at are un�ertaken by, or in suppcrt 
cf, aqencie s respons ible f or protection cf the env i ronment . 
Investiqation of fundamental pri r.ci ples in al l are a s  o f  tio 
loqical and environmental s ciences i s  a nece s s i ty as we ll ; 
in f act, it is d i f ficult to dist inquish some of the nee ds 
identif i e �  here from " b a si c "  research. Many ki nds of work 
on effects of pollut ant s w i l l  de pend on the continued sup
port of basic, nonta rqe ted resea rch if they are to te 
feasitle� 
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Each of the fol l owi ng chapte r s  p re e e nts recommendations 
for research on the ef f ects of a po l luted environment on a 
specific category of re ceptors , such a s  nan , materi als , or 
ecosystems. The recanm endat ion s in thi s  chapter are more 
general and app ly to re sea rch on �any or a l l . of the topics 
di scussed in later cha pter s . They are ccncerned with i nsti 
tutiona l arrangement s a nd re search strat egi es that wil l  
increase the us efulnes s of resea rch on e ffects for waki ng 
envi ronment a l  protec tion decisi or.s , faci li tate the conduct 
cf some important ki nds of res e arch , a n d  streng then the 
proce s s  through whicb r e search f ind i ng s  are use� in regu
latory deci sion making . 

. 

R E SEARCH STRAtEGIE S  FCF SCME FELATIVELY 
INTRACtAB L E  SCIENT IFIC P�C ELEMS 

Many of the nest c r i ti ca l  sc ien t i f i c  i s sue s rel ated to 
deci sion making on envi ronmenta l prctlems probab ly cannct be 
resolved ty re s earch e f f ort s within the next several ye ars . 
some fund amenta l que stions about e f f ects o f  env i ronment al 
cha nges that f a l l  into thi s category i nc lude : 

• ident ifying e f fect s o f  F O l lut i on on climate ;  

• ident i fying no-ef f ect leve l s  i n  plant s , anima l s ,  
and human s ;  

• pr edicting ch anges in w to l e  e c c sy stem s ; 
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• extr apo lati ng from �es u lts un d e r c o nt rolle d l a b-
o rator y conditions to ambient condi tio ns ; an d 

• obtai nin g  quantita tive nea sures of interaction s 
arr:on g m ultiple ccntani nants . 

Iss ues of this kin d cannot n ew be resol ved ,  for r easons 
that may incl ude the foll owi ng : 

• the y a r e  i ntri nsica lly so com pl ex tha t  scientific 
methods f er sol ving then hav e net ye t t een devel op e d; 

• the y in vol ve effect s th at �ay t e  widel y se parated 
from the initi al cause or r e ceptcr; 

• th ey in vol v e e ffects t h at may te qualitatively no 
differen t fr om those prcduced by natura l pr oces se s; 

• they i nvol v e  effects t h at nay devel op over a l ong 
time scale; and 

• they are concerned wi th t he st atistics . cf rare 
ev ents . 

�hese characteristics oft en n a ke e xisti ng me tho dol o gies 
inade q uate fpr testir� ass um pt i o ns, or nake e xperi mental 
inve stigations very dif ficult and e xpens iv e .  Despite s uch 
o bstacl es, e fforts to r e sol ve these questions shou l d  con 
tinue to have high p ri ority . sone of the effect s invol ved, 
such as cli natic cha nge or l ong -term pertur bati ons of eco
sys t ems, ma y be irrever s ible; an d their consequences, s uch 
a s  changes in wor ld agr icu lt ura l prcductivity o r  a decl ine 
in t �e yiel ds of ocean f isheries, migh t rende r many current 
envi ronmental co ncer ns t rivi al in compar ison . Yet, beca use 
cf the continuing need for inf o r nation to s u ppor t a shi ft
ing a�r ay of more im mediate dec i sions, a nd beca use the 
tine needed t o  produce answer s t c  m ost of thes e cur ren t ly 
in tractable pr o b lem s gen eral l y  c annot t e  estima ted with 
any conf idence, regulat ory ag e nc ies such as EPA ha ve tended 
to a ssign s uch investig ati on s  l ew pr io rity in th e a lloca
tion of research funds .  

Fesea rch o n  t hese f unda m ental prob l ens is n e eded to 
reduce uncer ta inties f o r  future enviro nnental d ecisions, 
arA attempts t o  resolve them o u g ht n et  t c  be se t aside in 
fav or of the m o re immed ia te responsi bi l ities of regulatory 
agencies . tong -term fu nding shoul d  be n ade ava ila b le, and 
the wo rk cught t o  be performed u rder a rrangements that �ake 
contin uit y of ef fort possi b l e .  Exa rrpl es of agencies that 
night appr o priately support res e a rch in these ar eas ar e the 
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National In stitutes of Health (N IH) cr tt.e Oepa rtme r. t  o f  the 
Int� rior (Dol ) for s ome of the b iologi c a l  resea rch , and the 
Nat i cnal Cce ano graphic a nd Atmos �he r ic Admi nistr at i cn (NOAA )  
or the National science Foundat i cn (NSf) for protl errs r e la
ted to cl imati c change . The glotal nature of s orre �rob lems 
wak es an in ternational approach to both re search an d po licy 
mak i ng very important, although such a n  approach i s  s e l dom 
easy to ach ieve , 

IMPOR�ANCE O f  E fF ECT S CN 
NO�HUMAN OFGANISM S  

1 he Nat ional Environ�nt Po l icy Ac t ca l l s  f o r  a bal anced 
commitment to the prote ction and enh ancenent of both hunan 
health and ecosy stems. However , becau se of the re l ative 
ease of recogni zing dir ect t hreats to hunan health and the 
g re at soc i a l we ight att ache d to the� , � c licy de c i s i ons are 
most heavil y inf luence d by evi de nce cf h azards to nan ,  and 
a l a rge proport ion o f  r e se a rch h a s  been di rect e d  toward 
asse s smen t of s uch impa cts . Res ear ch on ecologica l  e f f ects 
is u sually j�sti f ied in te rms of i t s  va lue to hurrans , and 
�ork has concentrat ed on e f f ect s on organisms that have 
important economic or c u ltu ral s igni ficance ( for i n stance , 
agricultura l crops or vertetrat e w i ldl i fe spec i e s) . 

There i s  no point t o  di sput ing scciety • s right to 
a s sign h igh value to e f fect s on tumans and othe r organ-
i sms perceived a s  i�por tant to h umans . � believe , how
ever , that the well -bei ng and po ssitly the surviva l of 
Rest vertebrat e s , i nclud ing man , depend on the continued 
func tioning of bas i c  pro ce s s es of ecos y stems , such as the 
cyc l ing of e lements or the c onversi on of energ y into bio
ma s s . from an ecologi c al perspe ct i v e ,  the grea test threats 
to the l i fe- support sy s tem would re sul t from harm to those 
org ani sm s that play the largest rol e s  in the f l ows of e nerg y 
and rrateria ls through e cosystem s , on scale s  f rom local to 
global . The vast proportion o f  e ach o f  these f lows is �ro
ces sed in most cases by green p l ant s and al gae and ty d ecom
pose r s such •s tacteri a and fung i  (American As soci ation for 
the Advancement of s ci en ce 1 96 7 ) . Vert etrates h igh in fcod 
chains account for onl y a t iny f ractien cf en�gy and nutri 
ent f lows , and e f fec ts on these organi sK e a re there fore les s 
cri t ica l to eco system f unctions . 
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current re search pr iorities do not adequate l y  account 
for the rel ative long- t erm ��2129i�Al s igni f ica nce of 
�otential e ffects on t h e  structu re and functions of eco
sy sten s .  Rea lignroent of the se pri o rit i e s  i s  needed , but 
is ur. l ikely to occur until recog nition of our depen denc e  
e n  relati vely s ubtle a n d  obscur e corr� l e x  proce s s e s i s  
incor�orate d  i n  institu tiona l de finiti ons o f  what it i s  
in +,he envi ronment that ne�ds prote cti on . 

ECONOMIC MEASUREMEN� O F  EfFECTS 

�egu l atory deci sion na kers need estirrates of the costs 
of envi ronment al pol lut ion that are �rc�erly grounded i n  
econcmic theory and ar e  ba sed o n  th e  most reli able and up
to-date s ci enti f i c  evidence . Although this need has be en 
cle a r  for s ome ti�e ( s e e , for i n stance , ��c 1 9 7 � ) , the 
cur rent level o f  e f f ort to provide sound economic anal y-
si s for env ironroenta l deci s ion m aking i s ,  in our judgme nt , 
sti l l  ser iously inadequate . �he need for improved eco 
nomi c  analysis in EPA i s  a lso exaroined in the re�ort o f  the 
Pane l on so�c e s and contro l Tec hni que s of the Envi ronmenta l 
Fe search As sessment Committee, (NRC 1 9 7 7a) , and in the re
�ort of ERAC itsel f  (NRC 1 9 7 7b) . Ero�hasis in these re ports 
is on analy sis of the f u ll r ange of co st s and benef its cf 
di f ferent ccntro l technique s and regul atory str ate g ies . our 
conc ern her e  is more p a rti cularly w ith research to esti rrate 
the econoni c  va lue of e f fe c t s  of a pol luted envi ronment , or 
the cost.s of pol lut.ion .  

�he economi c ana lys i s  o f  th e costs o f  pol lution requires 
techn�que s for extendi n g  t he do l lar or aonetary �r i ce mea
sure to thi ngs that are val u ed ty in d i v i duals but that do 
not � a s s  through ma rket s ,  in orde r  to � rcvi de a tasis fer 
comparing the bene f i ts and cos t s  of env ironmenta l chang es.  
Not a l l  e nv ironmenta l e f fects c a r.  be ca �tured by these dol
lar reea sure s ; only tho s e  th at di rect ly affect the human 
act.ivitie s o f  consum�i on and pr oduct ion , broa dly defined ,  
can be e sti rrated . For example , tho s� ecosystem changes that 
do not af fect human act ivity in some way cannot be rrea sured 
in dcllar s .  Th is does not mean tha t the se chang es have no 
value or cost , but. r at h er that w e  have reached the limits 
of e conorr ic ana lysi s . 
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Fegul atory decis ion �akers a t  present lack reliabl e 
esti�ates o f the cos ts  cf  envi ro r.me nta l changes in monetary 
terms . Thi s lack is on ly parti a lly at tributabl e  �o lim ita
tion s in economic theory . EconoK ic theory and mode ls a re 
avai lable that provide a bas is fer def ining and Kea sur i ng 
�any o f  the signif icant type s o f  econoKi c  ef f ect s o f  envi
ronmental stre s ses . some ma jor except ior.s ar e morbidity , 
Kor t a lity , and aesthet i c  impact s .  

�here are three important reasons f e r  the shcr t age c f  
re l i able estima tes o f  e conomic ccst s o f  �o l lution. Fi r st ,  
scme o f  t he studie s lea ding to mcne tary es timat e s  o f  such 
cost s have l ack ed an a d equ at e  th eoret i c a l  j usti f ication 
for t he interpretati ons of the d ata u sed . Earl y � s timates 
of a ir pollution damage s derive d from studies of prope r t y  
va lues are a ca s e  in po int (Fre eKan 1 9 7 4 ; Poli n�ky and 
Shavell 1 97 5 ,  1 976 ) . s econd ,  in so�e ether ca s e s ,  the use 
of e xisting economic mo dels woul d  r equ i r e  ma jor ef fcrts to 
ga ther data tha t  are not pre sent ly col l ected on a r egu l ar 
ta s i s .  I f  res earch wer e des igned and carried o u t  t o  co l
lect pri}tar y .  ( sc ientif ic)  data · a t:propr ia te for economi c  
anal ysi s ,  improved e st i � ates o f  t:o l lut ion dama ge s c cul d  
t e  ott ai ned for effect s - suc h  a s  impact s on water -ba sed 
recreati on , det�rior at i cn of mat er i a ls , and damage to 
agr icultura l crop s .  Th e ma j or c cnstra int on improved 
data gather ing is cost , tut exp ande d e f fcrt s to do �el l
def ined case studie s in specific ge ographi cal regions 

. seem to be j usti fied. such stud ies mi ght provide a ba s i s  
for extrapo lat i ng t o  na tiona l e s timate s o f  damages , wh i ch 
would be very important for many regul atcry dec i sions 
(Free111an 1 9 7 6 )  • 

Probatl y the most s eriou s  ba rr i e r  to better es t imat e s  
o f  the e conomic cost s o f  po l luti cn i s  i nadequate kncwl� 
edg� of  the underlying relation ships bet�een envir onmental 
cond ition s and their e f fect s on t.umans , ether organism s , 
Kate r ia l s , and clima te . I t  i s  e sse nti a l , in ou r view ,  for 
cooperative int eraction tetween e conomi sts and n at u ral 
sci enti st s to b egin ���l� i n  re search on such e f fects-- as 
ea rl y a s  in the pos ing of  research que stions . such coor
d inati on would cffe r  the most prem i s e  c f  cast ing data
gathering e f forts i n  a f ra me o f  ref e re nce that wou l d  sup
port later economic an a lys i s .  
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ESTABLISHMENT OF QUIC�-R ESPONSE 
STUDY TEAMS 

Som• changes in env ironmenta l qual ity result from 
pol l uti on inci dents wit h s harply de f ined on set time s 
and spatial boundari es . such e p i sode s o ften l e ad to 
cluste rs of cas e s  of a dver s e  e f fect s , which pre s ent 
opportunities to ga ther importa n t  i nfor�ation on t h e  
effect s  or t o  i denti fy the cau s e s  (whi ch may b e  un - · 
known ) . Examples of su ch incidents inc lud e the ac c i
dent al i ntroduct ion of polybrom i n ated tiphenyl s into 
cattle feed in M ichigan (I s leib and Wh i tehead 1 9 7 5 )  ; 
the inten se pol lution o f  the area around Hopewel l .  
Virg inia with the pe sti c ide Repor.e ; and th e  severe 
epi sodes of urban air p ollution �roduced by unu sua l ly 
sta b l e  we ather condi tio n s  in di f fer ent �art s of the 
country on several occa s io n s  i n  rece nt years (S�orer 
1 97 5 ) . In such cas e s ,  the usefu lne s s  of what can be 
learned f rom an inci den t often depends en how qu ick ly 
need s for s pec i f ic data ca n  be i dentif ied and the nec
e s sary measurements ma d e . Evi dence ga thered l ong a fter 
the even� i s .  l i ke ly to te mo re d i f f icu lt to obtain , 
le s s  complete , and of l es s  obvious value for demcn- · 
strating cau se- effect r elationsh i p s . 

Publi c health depar tment s h ave dev e lcped some very 
ef fective c apab i l it i es for rapi d study of outbreak s of 
in f e ctious diseases and food poi son ing . Broade r a ppli c a
tions o f  the sane techn ique s to env i ronmenta l probl ems 
are tei ng d eve loped , bu t a r e  not yet a v a il able f or rou� · 
tine use . �he e s senti a l  i ngred i ent s o f  such a prog ram 
incl ude : 

• , developing a s equen ce c f  p ro c edur e s  to te fol l cwed , 
ranked in o rder of the iKme dia c y  of ne e d s  for ce rtain data ; 

• a s semb l ing and tra i ning mu lti disc ipl i na ry tea m s  to 
conduct f ield i nvest igat ion s , a n d  prov i d ing the fle xibi lity 
tc mcbi l i ze the team s o n  very s hcrt notice ; and 

• provi d ing strong l ato r atory s u � �o rt .  

Inve stigati on s  o f  po llut ion incident s ought to inc l ude 
�ea sure�ent s of the di s tributi o n  and concentration ef c on-
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tami nant s i n  the enviro nment ( i f  th e i d er:t ity o f  th e se i s  
know n )  and exam inat i on  of a wi d e  range o f  r eceptors for 
�otenti a l  e f fects . tepend in g  o n  the n a ture of t he e�i scde , 
huma n s ,  dome stic ani�a l e ,  wi ld l i fe , �l ants , and cr itic a l  
e co logi ca l orga n i sm s  ( e . g . , soi l bacte r ia) may n eed to t e  
studied t o  deter�ine wh at e f fect s ,  i f  a n y ,  are occ u rri ng . 
Where e f f ects a re pre se nt but the c ause i s  unknown , the ir 
man i fe st ations w.ust be car e f u l l y  recorde d ,  and s amp les c f  
ti s sues o f  a ffected or g ani sm s  a n d  o f  t h e  a i r ,  so il , wa ter, 
cr f ood to wh ich the y a re e xposed must be obt ai n ed and 
anal yze d . �he compl exity of the inves tigat ion s  that need 
to b e  con ducte d requ ire s that the team a ssembled i n clu d e  
diverse specia l i sts , s u ch as a c lin i ca l  �hy s ic i a n ,  an 
e�idem io log ist , a veter ina r i an ,  a p lan t �atho log ist , an 
ana l yti cal chemist , and so on. 

EPA and oth e r  a g enc ies conducte d sene s tudies o f  t h i s  
sort in the Hop ewe l l  (R epon e )  in cident , and some s i nila r 
inve sti gations , prim ar i ly invo lv ing outbreaks o f  s u s�e c t ed 
�e st icide poison ing , have been c cnducted by the Epi demi c 
Inte l l i genc e  s ervice o f  the cent er for t i s ea s e  Cont rol (CDC ) 
of the u . s. PUblic Hea l t h  s ervi c e . �he capabi l i ti e s  t h a t  
exi s t  now shou l d  be st r e ng thened and c a l led upon i n  re s �ons e 
to f uture i nciden� . EPA is in clo s es t  touch w�th report s  
o f  most pol lution-re lat ed outb r e a k s  o f  diseas e a nd othe r  
damage , and i s  best eq u i �ped to nea sure and a s s e ss a br ead 
range of enviro nmental cond i ti o n s a nd conseque nce s .  CDC ha s 
the best expertise and capabil i t y  t o  per form ra pid rr�d i cal 
evaluat io�s in the f ie l d .  �he mcst e f fective inve stigat ions 
of f uture incidents wi l l  r equir e ac tive and coordin ated �ar 
tic i�a tion t y  both CDC and EPA , a s  wel l a s  othe r approp riat e  
agencie s .  � o  date , the des irab l e  l eve l cf int eraction has 
ra rely be en achieve d . � e  recomm end strongl y that more for
�al inst itut ional arran gements be deve lo�ed to p rov ide f or 
joint rap id- re sponse e f for t s  by EPA and CDC to s tu d y  th e 
effe cts o f  future poll ution inc i den t s . 

PUBLICA�ION OF THE EAS I S  FOR 
SC I ENTI FIC �UOGMEN � S  

S c i en ti f i c  ev ide nce o f  actua l o r  po t enti al adv e rse 
ef fects o n  man o r  on the env ir onrrent c a rri e s  great �eig ht 
in EPA ' s regulatory dec i si o n s .  For exarr�l e , evi den ce o f  
�os s i b l e  ca rci nogen i ci t y w a s  c r i t i c a l  in th e dec i s i on t c  
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tan tDT . t To make equi tab l e  de c i si cns , the Admi ni s trator 
�f EPA must have sci ent i fi c  inf ormation that i s  thorough. 
bal anced , a ccur ate , and ba sed on a rig orous an d ob j ective 
asse s sment o f  the qu al ity o f  ava ilatle evi dence and th e 
remain i ng s c ient i f ic un cert a int i e s .  I n  the int roducti o n  
t o  thi s repcrt , w e  reco�mend e xtens ive peer revi ew of 
scie nti f i c  d ata as one method of en sur i ng the qual i ty 
of t he sc ienti f i c i nput to EPA ' s de c i s i c ns . we fe e l  th at 
fcr� a l  po licies shou ld te adopt e d  that would f o s te r  suc h  
pee r rev iew . such mea s ure s  a re �a rticu larly needed whe re 
critical ev iden ce has been dev e l ope d by a party in an 
a dversary context ,  e ith er by EPA i t se l f  cr by i n du s try 
or o ther inter e sted par t ie s .  

Regu l atory d eci s ion s c learly a r e  b a sed o n  soci a l  consid
e ration s ,  as wel l  a s  on scienti f ic evid ence . Ne ve r the l ess , 
t he �rece ss would be improved by more d etai led and exp l icit 
statewent s of the sc ie n t if ic j udg�e nts that support suc h  
deci sion s. For exampl e ,  where ccnt radi ctory evi de n ce c an 
be c ited on a s cientif i c  point ,  it i s  i�portant to know what 
the sci enti f ic bas i s  i s  for acc e�ting s ene stud ies as valid , 
and r e j ecting others . Dec i sion doc u�e nt e have t en d ed to 
ci te on l y  the evi den ce that suppcrt s the deci s i o n .  In s cme 
ca s e s ,  it has not been pos sible for a n  o ut s ide 9ts e rve r  to 
know wh at evidence EPA has r evi ewed , whether unc ited ( c cn
flic ting ) research dat a  wer e exanined , or why o n ly cert ain 
stu d i e s  were c o n side red va l id. Thi s protlem i s  compou n d ed 
when informati on i s  us e d  t hat h a s  neve r teen pub li s hed in 
the open lit��ature , a s  is some t ime s the ca se with toth EPA 
and industr y  data. 

The p ro t lems created f o r  EPA and for othe r s  ty the 
lack of mor e e xpl icit s t at ement s o f  sc i ent i f ic j udgKent s 
can te seen cle a r ly in the records o f  judi c i a l  revi ew o f  
some o f  EPA ' s  deci s i ons . For exa�p l e ,  the Feder al court 
cf Appe a l s for the 3 rd Cir cuit i n  1 9 75 remanded ef f lue nt 
lirr.itat ion s gu i d e lines f er the i ron and stee l  i ndu s try to 
EPA because "other informa t i on  a va i lab le to the agency" , 
cit e d , in the Ad�ini s tra tcr • s  de c isi on docume nt , was not 
spec i f i ed ,  and consequentl y ·mean ing f ul judicial review c f  
the A dmin is tratc r • s dec i si o n  wa s impos s itle . z  S imi lar l y , 
the Federal court o f  Ap pea l s  for th e 4 t h  C i rcuit i n  1 9 7 6  
reve rse d  EPA ' s  e f f luent li mitat i cn s  for the tanning in
du stry , and cas t igat ed the agenc y :  "�he rec ord , however , 
imp l ies t ha t  t h e se conc lus i o n s  a re the � roduct o f  g ues s 
work , and not o f  rea son ed d eci s i on-mak ing • • •  N o  sc i enti fic 
data o r  other d emonstra tive evid enc e wa s g i ven to subst an
tia te the se final e f flu ent l eve l s" . 3 such conc lus ions ty 
the court s are , unf o rtu n at e l y ,  net i s o l ated ; many o f  t h e se 
EPA deci sions that h av e  teen rev ers e d  have been f a u lte d 
for inproper or inadequ a te l y  sup �orted uee o f  s c ienti f i c 
inf o rm a t i cn . • 
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EPA t ak e s  pride (Wi th s ome j ust ification) in b e ing 
an " c�en " agency ; that i s ,  the put l ic h as exten s ive 
acce s s  to the decision process and c�portunity t o  � arti c
ipate in it . Neverthe le ss , EPA ' s deci s ions cont inue to 
te attack ed , o f ten with as s ert ion s that the Agency con s id
ered only s e lected data , or erre d i n  i t s  a ssessment of 
the qua l i ty of avai l abl e r e s earc h .  A •ore complete and 
exp l i c i t  st atement of the sc ient if i c  basis for dec i sion s 
wou l d  have s alubriou s e f fe ct s on pub l i c  aware ne s s  o f  a n d  
con f i dence i �  the scie ntif i c  r i gor of ! FA ' s assessment 
�roc es s .  an d ultimatel y , perhap s , woul d improve the pro
ce s s  its e lf . 

�e re commend , ther e for e ,  that EPA e stabl i s h  a poli c y  
a long the follow ing lines: before a reg ulatory act ion i s  
taken , informat ion shOuld b e  pub l i s hed that would l ist a l l  
stud i e s  deemed re levant to the propo se d action. id enti f y  
the scienti sts who per f ormed the rese arc h and thei r sources 
of funding , and summari ze the r e sul t s  of e ach study . T h e  
stud ies that are t o  b e  rel ied upon to su�port propo sed regu
lation s s hou ld be identi fied and the r e a son s for r e j ect ing 
the con c l u s i on s  o f  s tud i es tha� came to aateri a l ly d i f f e rent 
res u lt s  shou ld be state d .  

� e  beli eve that a poli cy o f  thi s s ort s hou l d b e  fo l 
lowed at al l s�ages of the seque r.ti a l  � rece s s e s  � f  dec i sion 
mak i n g , ad j udicatory he a ri ng s ,  a r.d jud icial revi ew of EFA 
action s .  
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1 co�ittee on Princ i � le s  of Dec i sion Mak ing for 
�egul at ing Chem i ca l s i n  the Env iro n�ent , Env ironmenta l 
Stud i e s  Board a nd C ommi ttee en � cx icolog y ,  Nat i ona l 
�esearch counci l .  Unpubl i s hed c a s e  studie s on the 
decis io n  to ban the use of D t� i nc lude pape r s  t y  
Angus A. Ma c intyre , toctor al candi date, Univer s ity 
cf C a l i for n i a  at D a v i s ; Ma x Sobe lman , Vice Pres ident 
of Oper ati ons , Montros e Chem ica l ccr�orat ion of 
Ca l i fornia ; and Cha rle s F. �urete r , As soci ate 
Pro f e s s or ,  stat e Un iver s ity cf New Y crk at Ston y 
B roo k .  The se pa pe r s  are ava ila b le in limite d n umbers 
upon reques t  from t he Envi ro nmenta l Studi e s  Boa rd o f  
t h e  N at iona l Re s ea r ch counci l ,  2 1 0 1  con stitution 
Avenue , was hington , t. c. 2 0 4 1 8 .  

2 IIJXi�D-li2D-lD2-§�tel.lD§�itY�� v. if6• 5 2 6 F . 2d .  
1 0 2 7  ( 3 rd Cir . 1 97 5 ) . s e e  p a ge 1 06 3 . 

3 liDDJ{i!�YD&il v . ltAiD • 8 ERC 1 8 8 1  ( 4th Cir . 1 9 7 6) .  
see page 1 8 8 4 . 

4 For other examples c f  case s in which t h e  court s  he l d  
that !PA had not provided a n  adequate sci ent i f i c  
expl a n� tion for its de cision s ,  see B��blmi�I-ADS 
lli!!�l�l2a. v . I'i1Ih 5 3 7  F . 2 d .  6 20 ( 2nd Cir . 1 9 7 6) , 
[ �age s  6 3 6- 6 37 ] ;  6miruAUS.G-1��it!a� v . lf6 • F .  2d . 
4 4 2 ( 7th Ci r .  19 7� ) [ pages 4 5 9 and 4 66 ] ;  lDSJXDAti2DAl 
BJ��S'-t2mPADY v .  BY��SlJLJYI •  4 7 8  F . 2 d .  6 1 5  (D. c .  
ci r .  1 9 7 3) ,  ( pag e 6 4 8 ] : 6PPAli�biln_f2wsr £2� v . lEa . 
477 F . 2 d .  4 9 5  ( 4th C ir .  1 9 7 3 ) ,  [ � · 5 07 ] ;  JD�i[gnmtD111 
£JiJD!!-lYD9 v. iE6 • 4 6 5  F . 2 d .  5 2 8  ( t . c .  C i r .  1 97 2 ) , 
[ page 5 4 1  ] : fgrtlang_£Jm�_bJD� v . B!1£glJbui• 4 86 
F . 2d .  3 7 5  ( D . C . Cir . 1 9 73) , �'�£-giDa. 4 1 7 U . S .  9 2 1 ;  IH� 
��a. v .  liiiD • 8 ERC 1 7 3 1  ( 4th Ci r .  1 9 7 6 ) , [ pages 1 7 3 7  
and 1 73 9 ] ; EtbYl�'� v . if6 • 7 ERC 1 3 5 3  ( D . C. Cir .  
1 9 7 5 ) , and 8 !RC 1 7 8 5 ( 1 97 6 ) , ��IS�-21n� 8 ERC 220 0 ; 
I!DDf22t�� v .  �fa ,  3 ! �C 1 6 8 2 (D. C .  Ci r .  1 9 7 2 ) ; 
�� v . lEI • 6 ERC 1 8 9 7  ( 5t t.  C i r .  1 97 4 ) : §2Y!b.Te{!inll 
��II� v. Iii • 6 E�C 2 0 2 5 ( 1 s t Ci r .  1 9 7 4) ; 
!;Pil�biJD..im!!I v .  liii!l • 9 ERC 1 0 33 ( 4 th Ci r . 1 9 76 ) , 
[ �age 1 0 52 ] ; �-lD�![Diti2DJl v .  liiiD • 9 ERC 130 1 (8t h 
Ci r . 1 9 76) , [ pages 1 30 9 - 1 0 ] ;  wY'2D�-2J�m2YI1-�� 
v. lXIiD • 5 4 1 F . 2d. 1 0 1 8  ( 4 t t.  C ir .  1 97 6 )  £!{1.,_9X!D�!2 
96 s.  ct . 3 1 6 5 ,  ( pa ges 1 03 3 ,  1 0 3 5 , 1 03 6 , 1 0 3 9 ] .  
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Amer ican As sociation for the Advancerent of Science ( 1 9 67t 
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In the face of cont inued g ro�th of the wor ld ' s  popu la
tion and enduring pres s ure on the p l anet ' s  food- �roducing 
capaciti e s .  larg e  natur a l  f luctu at ions c f  weath e r  and c li
wate i ncrea s ing ly th re a t en huma n surviva l and we ll - tei n g .  
particularl y  i n  les s  advanced countrie s .  Pro j ected human
induced modi fication s o f  the ea�th • s surface and the at�o
sphere . and some chang e s  that h a ve a lre ady occurred . could 
cau s e  e f f ects on cliwa t e  of a ma gnitud e . spati a l  e xtent . 
and durat ion comparabl e to some natura l fluctuat ions . Given 
the current state of kncwledge o f  the Rechanisms of cli wate 
change . it i s not poss i t le to d i stingu i sh between n atur al 
and human- i nduc ed chang e s .  a t  l e a st on g lobal and long - term 
scales. Arti f i cial ch ange . moreeve r .  �ay increa se the !JXl
Abili�� o f  climate . whi ch i s  a c ruc i al factor in the su�ply 
cf and de�and f or food . 

Ava il able methods o f  predict ing the ef f ect s on weather 
and cl imate of wan- made envi ronment a l  changes a re i nade 
quate .  and may never b e  per f ect e d ; i t  i s  genera l ly acknowl
edged that . at test . de cad e s  of �or k w i l l  be required tc 
iwprcve them signi ficantly .  we cannot new predi ct what cli 
mati c chang es will occu r ; w e  can on l y  indicate what mlgbS 
cccur . �he po s sibi l it i es are di sturtir,g . The pcter.ti a l 
nagn itude of the consequence s f o r  human ity of possi tle eli
Kat i e  chang e s  makes thi s a ·sub j ect dese rving the concerted 
attenti on of both the r e search e cmmuni ty and t ho se char ged 
with protection of the envi ronment .  

�he s ituation i s  compli c at e d  by the fact t hat many of 
the po s s it l e  man-mad e  c h ange s in cl imate that h ave teen 
con side re d are globa l i n  cha racter. P e l lutant emi s sion or 
eth e r  environme nta l modification in one country may a f f ect 
the �hole worl d ; a n at i on may not be at le to protect it self 
by i ts own regulations . Futthernor e .  we st of the c limatic 
changes that have been envi s ione d a re ne ither universa l ly 
dele terious nor univer s all y  bene fic i a l  to humanity .  Pres
sure for regulation is Qnlikely to be equa lly s trong i n  all 
reg i on s  or n ati ons . and propos a l s  fer regu lati on by some 
sect icn s cf the world c cmmunit y night te active ly resi s ted 
by other s .  
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IMPAC T S  OF CARBCN CIOXItE 
EMISSICNS 

1he �ost i �porta nt c lima tic que s ti cn facing th e wo r ld 
tod a y  i s  probably the m a gnitude c f  cha n g e s  that w,a y re s ult 
from an i nc rea s e  in the C0 2  cont ent of the atmo sph e re c aused 
ty burn i n g  fos s i l  fuel s (NRC 1 9 7 7) . s c�e autho r it a tive 
�ro j ect ions of fuel oom tus t i on, comb ined with e x is t ing geo
chem ical an d c l i�at i c  t heo ri e s , ind icate that a c r i tica l 
�cint i n  re gard to C0 2 �ay ·be r e ached withi n the ne xt 2 0  
to 5 0  y ea rs . National and i nte rnation a l  polici e s  defi ning 
acceptabl e l imits on t h e  u s e o f  fos s i l  fue l s  mu s t  b e  estab
l i shed within that s pan . s uch d e f ir.i t i o r. s  mus t  te tas e d  
on reli able est imates o f  the ma gnitude c f  chang e s  that 
wigh t occur in g loba l t empe ratures a nd con sequent chang e s  
i n  c limat e ,  po lar i c e  c a p  m a ss e s , a n d  se a l eve l . 

Method s invo lving f urth e r  d e ve l opment of compr ehen s ive 
ge ne ral c ir culation mo d e ls s eem wos t u n l ikely to produc e 
such est iKa tes withi n the t i we ava i l ab l e . EPA , th e Ene rgy 
Re s earch and Development Admin i s tr at ion (ER DA) , and oth e r  
agencie s re spon s ibl e f o r  energy and env ironmenta l poli c y  
shou l d  therefore suppor t o r  enco ura ge s tudie s  u s ing le s s  
time -con sum ing methods , re cogn i z ing the ri s k  o f  fa i lure in
herer.t in th i s  appr oach . Mode l s  ava i l a b le tod a y  s hou l d  be 
used , with some nece ss.arily arb i tra r y  s iwp l ifyi ng a s sump
tio n s ,  t o  e s timate the con seque nce s cf pro j ected emissi ons 
of cc 2 •  The re sults wi l l  n ot b e  pr e ci s e  predic t ion s but 
shou ld at least esta b l i sh sowe r e l i ab l e  upper and lower 
boun d ar i e s  for pos s i bl e  ef f ect s . T h i s  i nf ormat i on is a 
� a j o r  requi rement for s e tting s c und po l i ci e s  govern ing 
comb u stion of f os s i l  f u e ls . 

1hi s pr oble� mus t  b e  vi ewed in a l a rge r  per spectiv e , 
sinc e fo s si l  fuel combu stion is tou n d  t c  th e need to f e ed 
huma r. ity and keep i t  wa rm over t t e  next two centur i es . 
Be s e arch should the refo re a l so t e  unde rt aken by som e f e d
eral agency to exami ne the int e rnat ion a l , very l ong-te r w  
a spects o f  e nergy conve r si o n  and environw�ntal change . 
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!FF !CT S ON THE CZO�! lAYER 

Atmo s�heric scienti sts have identi fied a numte r of 
threats to the stratospher i c  oz one l ayer in recent year s .  
inc luding f luorocarbon aero sol � rope ll ants and ref rige r 
ants (Mo l in a  and Rowland 1 9 7 4 ,  NFC 1 97 6 ) , high- a ltitude 
emi s sion s o f  nitrogen oxides i n  air cra ft exhaus t  (.John s ton 
1 97 1 . NRC 1 97 5 a ) , and n itrous o x ide pr o duced fron ferti l
i ze r s  by soi l  mi croorgan isms (Crutz en 1 974 .  counci l for 
Agri cultura l Science an d Techno lcgy 1 97 6 ) . The ef f ect 
under study is a reduct ion o f  t h e  concentration cf ozone 
in the stratosphere . s l owly reversible . with a time con 
stant o f  de cades .  

Under standi ng the modi f i cat i cn o f . the ozone layer 
appe ars to te a much mo r e  tract a t le qu e stion than t hat 
of gene ra l c limatic cha nge . The meteoro logy . physi cs . 
and chemi stry o f  the oz one l ayer are being vigorous ly 
studied . and it seem s l i ke ly tha t a con sensus on accept
able quanti tative e s ti m ates of t t.e reduction facto r s .  
accurate t o  wi thin a f acto r  o f  two o r  three . wi l l  t e  
reached within a very f ew years . Neverthe les s ,  nuc h 
mor e inform ati on is nee d ed on the b iological and c l i
rratic con sequences of .i ncr eased ultravio let i rr-adia tion 
and of related chang es in radiat ion ba lance s .  The s e  
prob lems have been revi ewe d  ty t t. e  N at iona l  Re s earch 
coun c i l  ( 1 9 7 5a ) . EPA h a s  recent ly bee n as signed a 
lead agency rol e in fed era l res e arch on these s u b j ects . 
The soc i a l  and �olitica l con sequ enc e s  cf possible regu
lato ry actions a l so nee d  to be s tud ied . �arti cular ly if 
fe rtili zer use s hou l d  b e  a f f ect e d .  and the int e r na t ion a l 
a s�ects of control mea sure s  au st be taken i nto account . 
Although the caus e s  of the perturbation s  could ori g i
nate in any or a l l c ou n tri e s . the dele teri ous e f fects . 
at lea st those directly concern e d  with human h e a lt h . 
are like l y  to be limited i n  the i r  occu rrence to a r e la
tive ly smal l g eographi c ar ea ( s e e NRC 1 9 75a . Append ix c :  
1 7 7 - 2 2 1 ) .  
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EFFECTS OF SULFU� EMI S S ICNS 

Frob l ems o f  weat he r  and c l i rr a te rrod i f i c ati on connected 
�ith sul f ur emi s s ions i nclude local to reg iona l re d uct i ons 
cf so lar radiat ion at t he s u rf a c e  due tc a e rosol s ,  reg i onal 
increases i n  ac i dity o f  pr e c ipi t at i o n ,  and min o r  modif i ca
tion of loc a l  ra inf a ll �atterns (Me trowe x I nve stig a tors 
1 976 ) .  The se probl ems may at t ine s cr o s s  i nternat iona l 
boun darie s (Bol in and P ers s on 1 9 7 5 ) . 

Fol lutant s u l fur en t er s  the atmosphere mai n ly b y  corr
t u st i on o f  coa l  and heavy o i l .  I t  i s  6w itted in t h e  f orrr 
cf g a seous sul f u r  d i ox i de ,  but a �ropo rt ion i s  qui ckly 
converted to sulfur i c  a c id i n  the form of sma l l  partic l e s .  
sul f ur em is s ion i s  norma lly ac c cw�a nied by emi s s ion o f  so l i d  
part icle s , and the emi s s ion cont rol te chr.o l ogy current l y in 
use doe s not rewove the fine st o f  the se �arti c l e s .  The 
sol i d  parti cle s  are par ticu l arly e f f icient in r e du c ing the 
so l a r rad ia tion rea c hi n g  the ground , s i nce they absorb as 
�e l l  as s ca tter it. It seems v e ry lik e ly that ccnt rol 
techno l og ie s wi l l  be developed to m i ni �i ze su l f ur eroi s s ion 
and to reduce even furt her the ewi s s ion cf part i c l e s ,  but 
such t echno log i e s  wi ll be e x �e n s ive . The g re a t e st inf o r
mati on need in this area is prob ab l y  o n  the b i o l og i cal and 
econom ic con sequenc e s o f  a c idi f i ed � re ci �itati on and we ather 
rrodi f ic a t ion by sul f ur. and part i cle em i s si on ,  which wou ld 
need to te talanced aga inst the bio logical and s oc i al 
impacts o f  using more e xpen s ive low- su l fur fuel s .  

INS�ITU� ONAL A�RANGEMENTS 

Given t h e  present s tate cf k r.ow ledge , re s earch on pos
sib l e  pe rturbat i on s  of weat her ar.d c lirrate by envi ronme nta l  
nod i f ications ca nnot , i n  genera l , be s e parated f rom oth er 
aspects o ( climate res e arch. In the Un ited Sta t es , such 
stud ies are bei ng c a rr i ed out by th e De�artment s of De f ens e ,  
commerce (NCAA) , Inter i o r  ( B ur e a u  o f  R e c lamat i on ) , and 
1ran sport at ion (Federal Avi ation Admin i s tr at i on ( FAA ] ) , 
and ty the N ational Aer onaut ic a r.d s�ace Admi n i str a tion 
(NASA) , ERDA , EPA , a nd NSF . An I nt era gency committee o n  

Atmo spheric Sci ence exi sts unde r the Fe deral counc i l  fo r 
Science and Technology , tut it s e em s  u n l ikely that th� 
cpt i w a l  a dminis trative a rrange�er.t ha s been achi eve d. A 
very larg e  proportion o f  t h e  fun d in g  i s  devoted to in-
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hou se pro je cts and tc w c rk i n  the l a rge national latora
tcri e s .  Mo st of the NSF budget for c l i�ate dynaroi c s  an d 
the a tmosph eri c sci ence s goes t o  the m a i ntenance of the 
Naticnal Ce nte r for Atmo sphe ric Fesearch . and to the pur
suit of maj or internat i ona l program s  that ca ll for long
terro spending commit��nt s. The re i s  little flexibi lity 
that would allow support of uns o licited innovative res e arch 
in u r. ive r sities and inde�endent re search insti tute s .  

A recent study. �g�rsttDQing_�imA�� �biD9! 
(NRC 1 9 7 5 t ) . estimat ed the expen diture or. climate- rela

ted res ea rch in 1 974 " e xclu ding essent i a lly operat iona l 
or s ervice related a ct iviti e s" a e  $ 1 8  wi llion per year . 
It cal led for a graduat ed i ncrea se to $ 6 7  mi lli on t y  
1 9 8 0 --a cal l that.  has not y et be en heed ed. That par
ticular NRC study wa s  c cnc e rned �ai n ly with the protlem 
cf g lobal climate pr ed i ction on all ti�e scales and had 
litt le to say atout the use f ulne ss of li��ted inve s tiga
tion s o f  speci f i c  probl ems . as r ecomme�ded above . 

�he que stion of st ratospheric modi f ication and its 
con sequen ce s was examined extens ive ly in the Cl imat ic 
Impact A s se s sment Program (ClAP) of the tepartment of 
�ran sport ation .  Th i s  work is be ing cont inued in a �ore 
selective way i n  the Up�er Atmo s �he ric F rograms funded 
through FAA and NASA. Within t h i s  �rogram EPA has teen 
des i gnated the lead agency f or resea rch en biologi cal 
and climati c e f f ect s. At this e ar ly stage the admi nis
trative arrangew.ent s  and the sc o�e of the proqra� appea r 
sati sfactory. The CIAP stu die s emphas i zed the i nterna
tional nature of probl e � s ;  conti nua tion of thi s asp ect 
i s  e s sent ial i f  future regu l atory a ction i s  cont emp lat e d .  

�ithin EPA , res earc h on sul f ur eroi s s ions a t  �re sent 
has high pr ior ity at a l l  level s , fro� technique s of fue l 
desulfuri zation to f ie l d  ob s ervations c f  trans port and 
tran sformat ion of the e �is sion s  and consequent weather 
modi fication. A l ar ge , we l l-conducted f ield exper i�ent 
with funding frcm EPA . NSF a nd s tate sources i s  continu-
ing in the st. Loui s ar ea, and EFDA is planning a ma jor 
surv ey of the fate and effects of sulf ur emissi ons . I f  the 
dangers o f  over emphasi s on data col lect icn at the e xpen se o f  
critica l �eview and ana lysi s by indepe ndent sc ienti sts can 
be avoi de d .  th e level o f  e f fort seems commens urate with the 
impo rtance of the prob l em,  but f requent review i s  vita l . 
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!vidence has long been ava i l able that certai n poll uted 
occu�ationa l or ambi ent environment s can caus e or contrib
ute to both acute a nd chronic de gene ra tive di sease s . More 
recently , a s  knowl edge of the im�ort ance of environmental 
cont ani nant s in hea lth and dise a se has i ncrea sed , i t  h a s  
also t ecome apparent th at expo sures t o  toxic agent s  in the 
envi ronment �a y  produce other e f fec t s ,  such as cancer , 
mutation s , birth defect s ,  and behaviora l abnorma lities 
(McCu l l ough 1 97 5 ) . 

Government agenc ies charged �it h protecting hea lth 
and the environment fro� e f f ect s of tox i c  substance s f a ce 
a sut stanti a l  challenge in i dent ify ing the ri s k s  involved 
in a ny gi ven ca se. If the purpo se of taking action is 
to prevent harm , dec isi ons must te based on pr e sumptive 
evi dence , befor e  dis eas e h a s  been beco�e overt . The k i nd s  
of evidence needed t o  e s ta b l i sh a b a si s for ac t i on inc l ude : 

• 

nent ; 
identi f ication of causative agent s  i n  the env i ron-

• demon s trat i on of adver s e  e f fe ct s ,  such as norb idit y 
cr mortalit y ,  in expos e d  populat ion s ; 

• 

and , 
�reduction of tox i c  e f f e ct s i r.  laboratory ani � a ls ; 

• re duct ion o r  e limi nat ion of harn when expo sure is 
reduced or ceas e s ,  or when the pcpu lat icn is prote c ted . 

Such sequential cha ins o f ev iden ce have been e s tabl ished 
in so�e c a s e s  of occupat iona l ex�o sure s  (f or exa�pl e ,  to 
beta naphth ylami ne and nick e l  [ I nte rnat i ona l Agenc y for 
Fe s earch on Cancer 1 97 1 - 1 9 7 5 ]) . The s a� e  g enera l k ind s of 
evi d ence ar e needed to eva l uat e the e f fects of cont ami n ants 
i n  t he a�t i ent envi ronment . 
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seve ral res earch ap�roache s  a r e  ne e d ed to e stat lish or 
refute causa l re lat i on s h ip s  between envi ronmental pol lutant s 
and e f f ect s on health. Ep i d emi o log i ca l studi e s  can show 
� att erns of d i s ease or death tha t ,  whe n corre l a ted with pat
tern s o f  exposure to environment a l  cont aninant s and oth er 
f a c tcrs , sugge st po s sib le causa l re lationships . Toxico log
i c al re search can demonstrate qualitat iv e  simi l a ri t ies 
t etween e ffects cbserved in huma r. s  and e ffects in l abora
tory anim al s. Addit ion al import ant inf o rmation can be 
gai ned from investigati cns of the b i ochenical and phys i o
logical mechan i sms of a cti on o f  environmental agent s and 
c f  the functiona l and s t ructural chang e s  a chemi ca l or 
metabol i te �ay �reduce in ti ssue s an d organs .  No one 
res earch approach can, by itse l f , provide adequate infor
mati on on the potent ial health e ff ect s  c f  a chem ic a l  in 
the environnent ; congru ent r e su l t s  a re needed f r om toth 
human ex�er ien c e  and l a toratory stu dies . I dea l l y ,  cau s e
eff ect r e lationships sugge sted b l'  e �idenio l ogi c a l  a sso c ia
tion s could be con f i rme d  by both to x icolcgi ca l test ing and 
the elucidation of meta tol ic mec han i sm s .  I n  each speci fic 
ca se , re s earch needs wi l l  vary a ccordi n g  to the nature of 
the e f f ects invo lved , t he ki nd s  cf dat a al ready ava ilab l e ,  
and the potent i al succ e s s  o f  particula r investi gatory 
a�prcache s .  

EPi t EM I O ICG � 

Epi demiology is the stu dy o f  the d et ermi nant s c f  t h e  
inci dence and di stribut ion of d i sea se in popu l ation s. 
Obse rvation �f as sociat ions tetw een pa tterns o f  d i s ease 
and �attern s o f  expo su r e  to envi ronreent a l  contamin ants 
can te a �ower f u l  tool for g en e r at i ng h y�othes e s  a bout 
�au s e - e f f ect r e lati onsh ips . When s upported by c linica l 
c r  e xper i�enta l find ing s of simi lar e f f e ct s , epidemiolog
ical studie s can provi d e  the mo s t  conv incing evidence 
that an e nv i ronmenta l agent ha s had an irepact on the 
health o f  a populat i on .  

�here a re ,  however , li mits tc w h a t  can be l e ar n ed f rom 
e�idemiol og y. Spur iou s correlat ion s m a y  be found. The 
qual ity o f  ava i lable da ta i s  often poor ; data on morta l ity 
are not alw ays recor ded in con s i stent forms , and there are 
gap s and inconsi stencie s i n  da ta on �orbidity. Information 
on e xpo sure s to potenti a l  c ausat ive ag e nts i s  g ene rally 
inad equat e .  Few commun iti e s  monitor t he ai r or wat er f or 
more than a smal l  numbe r  o f  subs t ances , at a few locat i cn s .  
Inforna t i on en what wa s i n  the e r.vi rcnment 2 0 or 3 0  years 
ago (the latent per iod f or some d i s e as e s ) i s  often impo s
sible to obt ain ; furthe rrror e ,  pec� l e  mcve from p lace to 
plac e .  There is no way to know exact ly �hat m i xture o f  
cont ami n a nt s a n d  ether factors ( suc h a s  ci garette snoki ng 
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and die t )  a per s on or a popu lat i cn encount ered t efo re i t s  
di se a se st atus w a s  obs e rved . 

Neverthele s s , ther e  is much r ic h  grcund to be t roke r.  
i n  e r.vironrre nta l epi dem iology. A g rea t dea l of in forma
tion exi sts on the i nc i dence o f  var iou s  dis eas e s ; s ome  of 
it i s  in us eful form , ( such as t te can c e r  atla s  com�il e d  
t y  tte Nationa l cancer Ins titut e (NCI)  (levi n  et a l .  1 9 7 6 ) , 
although much ha s never been exarrined systematical ly.  When 
information on ambi ent envi ronmenta l  e xposure s to an ag ent 
i s  ur.ava i l a tle , it i s  o ften pos s ib le tc study a sma ll pcpu
lat ion with a hi story o f  high e x�osure , for ins t ance i n  an 
occupat iona l  environment .  The s tudy o f  such population s can 
gene rate va luable qua l i tati ve data to guide furthe r  inv es
tig ation s . 

The Data Eas e  

Th e n ee d  f o r  a nat i ona l  reg i stry o f  death cert i fica tes 
is parti cul arl y crit ica l , so that r e se a rchers can dete r 
rrine whic h rremb e rs of a popu lat i cn und e r  study h ave di e d  
and �here their death certi f icat e s  a r e  filed . Mob i lity 
o f  i ndiv i du a ls rrake s a natior.a l ind e x  e s senti a l . The 
importance o f  such a nat ion a l  d e ath reg i stry has l ong b een 
recogn i z e d  (U. s .  Depart rrent of H ea l th Educa ti on and We lfare 
1 9 7 0 ) , and methods for its i rrpl en ent at i cn a re currentl y  

bei n g  reviewed ty the Depart�ent o f  HEW . Neverthe l ess , 
thi s i s  suc h  a fundaw.ental need fer epidemiolog i ca l  re s earc h 
that �e b e l ieve it c annct b e  ove rem�ha si zed . 

Nat iona l  registr ies for ma j o r  d i se a ses are a l s o  ne e ded. 
Prog re s s  i s  bei ng made towa rd the deve lopment _ o f  a nat i onal 
canc er regi str y ,  an ef f ort that should ocntinue . There are 
no comparab le data s ysterrs f or. many other i mport ant di s eases 
tha t  rray have e nvironme nta l det e rminant s ,  such as heart 
di s e a se o r  d i abetes. 

Co l le ct ion o f  morta l ity a n d  nort id i ty data wou l d  be 
te st coordinat ed throug h the Nat ional Center f o r  H e alt h 
St atist i c s .  A va riety of method s shou ld be explored for 
atta ini ng data , $UCh a s cen sus surveys or reg i strat ion 
�rocedu r e s  for nat iona l he a lth i r.su r ance programs ( if a nd 
�hen the l a tter are imp lemented ) .  A s irr � l e , e f f �c t ive �ro
cedure i s  n e eded to cor rel at e  d a t a  en c c cupat ional histcry, 

- 4 2 -

Copyright © National Academy of Sciences. All rights reserved.

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

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


s�ok ing habits , and ethe r  personal or environmental in f or
Raticn atout indiVidua l s ,  with death a nd d i se a s e  regi s t ries . 
cne avai l able method is to inclu de soc i a l  secur i ty numbers 
en death ce rti f i ca te s  a nd recor d s ; thi s approach i s  not 
ful l y  sat i s factory, how ever , and mo re e f fective wa y s  t o  
provide sys tema tic l ink age o f  da ta nee d to be developed . 

,he most import ant l im itat i o r.  on t h e  col lection and use 
cf health stat i s tics i n  epi demio logica l re s ea r c h  is not a 
technic a l  or economi c c ons i derat ion , but ra ther the et hical 
problem of inva s ion of privacy . we t e l ieve tha t ,  p art i cu
larly in ca ses of indiv idua l s  who have died , the benef i t  to 
soci ety o f  res earch on environm er.t a l  f a ctors that roay h ave 
contr ibuted to those de a th s  outweighs any pos s i b le harm to 
indi vidua ls that might result f r cro all ow ing inve st i gators 
acc e s s  to personal medical records . Neverthe le s s ,  privacy 
is a soci al is sue of gr eat conc e rn tod a y , and congress has 
�ove d toward i ncrea s ed  protect i o n  of the indivi dua l .  We 
feel that the i mpact s o f  existing or proposed pr ivacy l eg
is lation on epidemio log i ca l  re s e a rc h  s hould be car e ful l y  
examined,  so that ba lan ced cho i ces can t �  made i n  c ase s  
whe re the se va lues may t e  i n  conf lict. 

Instit utional A rrangenent s  

Epidemiological stu d ie s  on envircnn e r.ta l ly- cau s ed 
di seases wi l l  be mo st e f fective ly conducted through a 
coordinated ef fort invo lving s ev era l f e deral agencies , 
p lu s  univer sity and othe r  re sea r ch tea n s  supported ty 
grants and contracts . It i s  import ant that the comple
nent ary s tr engths of a s sorted a g enc i e s  te used in mutu-
ally rein fo rcing rather than com pet itive ways . EPA is 
test equ ipped tc determine what age nts cccur or roay occur 
in the envi ronment, and ha s a st rong program in some a reas 
of env i ronmenta l t oxico logy . on the other hand , the s tron
gest capati lit i e s  for d etermini n g  the health s t a tu s  of popu
lations and stu dying th e c a u sat i ve processes of di seas e s  
are found i n  s evera l o f  th e  Nat ional I n stitute s  of Hea l th ,  
such a s  NCI , a nd i n  such agenc i e s a s  the Nationa l  Inst i tute 
cf occupationa l Safety and Hea lt t.  ( N IOSH) . EPA should con
tinue to draw on the expert i se o f  s uch agencie s , ra ther than 
e sta t l ish para l le l  capatilitie s �ithin its own r e s e arch 
ope rati on s. In the pas t ,  EPA ' s nee d s  f or epi demiologi c a l  
support h ave n o t  always teen sat i s f ie d . More e f fective 
coop erative programs ,  wh ich na y r.eed tc te structu red to 
f it the probl em being s tudi ed, must te devi sed to carr y 
out the m a j or epidemio logi ca l  stud i e s  needed in the future. 
some suggestions for s u ch prograns are included in the sec
tion s that f e l l ow. 
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Canc e �  

1 h e  statement ha s b een wide l �  re�e a ted that 7 0  perc ent 
cr more of all cancers are c au s e d  by env ironmental fac tcrs 
(inc lud ing thos e in foo ds• d rug s , c iga rette smo k e ,  and occu

pational settings ) ,  but th i s  conclu s ion is not yet supp erted 
by adequate evi dence on th e spe c i f i c  agent s  and mechani sws 
re spen s ib le .  some very cl e a r  te wpo ral and geogr aph ic p at
tern s i n  th e occurrence of canc e r s  have establ i shed a c a s e  
for envi ronment a l  origi ns ; however , do s e-respon s e  r e lat ion
shi p s  in human s have no t be en de scr i t e d  for most c a rcinc
gen s .  I t  i s  sti l l  not known , there fore., whethe r curren t  
low- level e xpo s ures t o  a sbesto s  f ib e r s  o r  chlo roforw i n  
w at e r  suppl ies , ciga ret te smoke in c lo sed rooms , arseni c 
ar.d eth e r  t race met a ls i n  ambi e n t  a i r ,  or many other aut
stances k nown to be ca r c inogen i c  at high e xpo s u r e s  pos e  
signi ficant ri s k s  t o  hu rran popu l at i on$ . The po s si b i l i t y  
that a no-e f fect level way e xi st f o r  e ach pote n t i a l  car
cinogen i n  the environm ent h a s  n et b ee n  re solved , and the 
comb ined impact on h ea l t h of s i n. u lt a ne o u e e xpo sure s to w any 
such agents at very low leve l s  i s  u n k n cw n .  

1 h e  uncerta i nt i e s  i nhe rent i r.  t r an s lating e xper iment a l  
d a t a  o n  c arcinog ens int c environrren t a l  standar d s  c r eat e 
a c r it ica l need f or epi demio log i c a l re se arch on cancer . 
Att ention should be concent rated f i r st o r.  tho s e  a r e as f er 
�hich t he most compl ete environment a l  rrcni tor i ng d ata a re 
avai labl e . Dat a  on the geogra p h i c  d i s t r ibution and inc i
d ence of wany forms of canc e r  a r e  b e i ng co l l ected a nd a na
lyze d by th e NC I (Levi n et a l .  1 9 7 6 ) ; e x �a n s i on cf tumo r 
reg i stri e s  for the study o f  env i ronroen t a l  canc e r s s hou l d  
tui ld upo n  thi s exi sti n g  ba s e .  For the study o f  e nvir o r.
ment al carc inog ene s i s  to be ef f e ct ive, a s t range � e ffo r t  
wus t b e  wade t o  coo rdi n a te the c c ir p leme nta ry capabi lit i es 
of EPA , NCI , the Nat ion a l  I n st i t ute fo r Env ironmen t a l  H ealth 
S c i e r. c e s  (N I EHS ) , NIOSH , a nd at h e r  a g e nc ie s .  B e ca u s e  t he 
inf o �m a t i on  mo st urgent ly n e ed e d  in th i s  a r e a  toda y i s  en 
the id ent ities a nd l eve l s  o f  pot e nt i a l l y  carci nogen ic s ub
stanc e s  in the envi ronm ent , EPA shou ld te g iven an important 
rol e  in the prog ram . T he ma j o r  t iorr.ed i cal compone n t s  o f  
the re se a rch , including co l l ect i on a nd analys i s  of can c e r  
mort a lity and morbid ity dat a , sheuld r e s ide i n  NCI ,  NI EHS , 
o r  other ap�ropr i at e  s p e ci a l i z e d  re s � a r c h  agenc i e s .  

A new f ive- year , f i ve- mi l l i o r.-d c l l a r  Program f o r  t h e  
A s s e s sment o f  c a rcinog e n s  i n  t h e  EnvirenJrent (PACE) h a s  
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te en �repos ed b y  EPA . and $ 1 . 1  m i l l ion has b9en ap�ropr iated 
to begin the e f fort . s ound de s i gn , adequat e sup�ort , a r.d 
e f f e ct ive interagency c ccrd inat i cn a re n eeded i f  this c riti 
cal re s earch program i s  to succeed. 

B irth De f ect s 

Atout 5 percent ( 1 5 0 , 0 0 0 )  of the b atie s born in the 
united St ates e ach year have b i rth def ect s . O f  the se 
def ect s , r.o more tha n  o ne . third have a known c au se ; cur 
rent unde rstanding sugg e st s  that the reKainde r may te 
caused ty inter actions . t etween genet i c  ar.d env i r onmenta l 
factors , or among mu lti � le e nvir onmenta l i nf l uence s (Wi lson 
1 97 5 ) . Extens ive exper imental and clin i ca l  evi dence ha s 
shown that some drug s a nd certa i r. chemical ,  phy s ic a l , o r  
biol ogi c a l  envi ronment a l agent s can �r oduc9 specif ic b i rth 
defects . E xamp les i nc l ude the d rug th a lidomide , i o ni z i ng 
rad i ation , rube l la viru s ,  and methy l  mercur y .  A lt hough 
�o st demonstrated case s of def � c t s  c au s e d  by each o f  thes e 
tera togen ic agent s  invo lved unu s u a l ly h igh expo sure s ,  t he 
�otent i a l  o f  the se and simi l a r  a gents a t  low l evel s in the 
amb i ent environment for cau s ing t ir t h  de fects need s  to te 
inve stigated ca r e fu l ly .  

Ei rth certi f i cat es are rout i r.e l y mon itored t o  comp i le 
data on occurrence o f  b i rth de f e cts i n  only a f e� areas , 
such a s  the st ates o f  W a shi ngton an d New York . �he cost 
and ef for t invo lved in obt a i ning such reco rds a r e  s�al l , 
whi l e  the cost s of not nonitor i n g  b irth s  coul d b e  g reat . 
Spe c i f ic ti rth defects due t o  pa rti cul a r  e nvi ron�ental 
agent s are unlikely to occur so cften t h at they wi l l  
eas i l y  te noti c ed , unle s s  s pec i a l e f fo r t s  to di s cover 
them are made. 

�e spo n s ibi l i ty f or e stab l i s h ing a nationa l  program for 
the surve il lance of birth d e f e ct s s hou l d most r e a s o nab l y  
res i d e  w i th the Nati ona l cente r  f or He a l th Stat i st i cs a nd 
the cente r for D i s e a se Control , since these agenc i e s  ha ve 
ex�e r ienc e in o rganizing such e f fort s .  EPA is lik e ly tc 
te a � a j o r  user of the info rmat i cn a s s e n t l e d  under suc h a 
�rog ram , and shou ld con tribute t c  the su�po rt , p lan ning , 
and revi ew of the surve i ll a nce s ysterr- , sc that data of 
�art i cular signi f icanc e  for the eva luation of teratogen ic 
effects o f  env i ronment a l po l lutar.t s  wou l d  be inc lud ed . 
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Mutati c r. s  

Evidence o n  th e  inc idence o f  genetic di sea s e s  i s  con
flicting .  and the ro le o f  envi ronmental agents i n  producing 
auta tions i n  ma n i s  la r gely unkncwn . Me thods for test i ng 
mutageni cit y in experimental organi sws are of uncertain 
re l evance to ma n ;  there fore . it is i�portant to mon itor 
human popul ations to de t ect inc r e a s e s  i n  mutat i ons that 
�ay te due to f actor s i n  the environment . A f ew e f fect ive 
te st s for mutations in human po pulatio n s  have been deve l
ope d .  but no organized surve i l l a r.ce prog rams f or l a rge 
popu lations have been e sta bl i sh e d .  A n eed exi s t s ,  there
fore , to develop fu rthe r e f fecti ve techniques for dete cting 
•nd a.on itor i n9 �tat ion s i n  ma n , and f o r  mai ntai ni ng sur
vei l l ance and informati�n �ystem s .  

Fe search i s  a ls o  neede d  t o  determi ne the s igni f icance 
cf muta tion s  that may o ccur bec a use of environment a l po l• 
lut icn . Ve ry l i ttle is known a b cut the hea lth con s equences 
cf e ither germinal mut a tion s  (wh ich may te pas sed on to 
futu re generations) or somatic �utation s (which are con f ined 
to the individu a l  who i s  exposed to a autagen) . Without 
more specif i c  under stan ding of t t.e iw�acts of mut a t ion s on 
the live s of i ndividua l s ,  the soci a l c o sts of g e net ic d amage 
are di f f icu lt to ass es s .  The importance attached to muta
tio n s  seeas likely to i ncr e a se a s  more i s  l e arned of their 
impact on health ; popu l ation data on the ir i ncidence are 
the r e fore l ike l y  to te very sign i f i cant for future dec i sion 
a ak i n g . 

Ins �itution al and funding a r r angements for the deve lop
aent cf test ing �ethod s and surv e i l lance progra m s  for muta
tion s  ough� · primari ly tc i nc lud e  ce rta in of the Nat iona l 
Ins titute s of He a lt h .  such a s  N I IHS . NC I ,  or the C DC. EPA 
wight pa rti cipat� in e f fort s to def ine the re lation shi p s  
tetween certai n envi ronmental cont amin ants and mut a tion s ,  
tut knowl edge o f  thi s t opi c i s  s ti l l toe rudimentary to 
e xpect e arl y epidemiologic a l  sur vey s tc �roduce in forma 
tion of iwmed iate regul atory s i g ni f ica nce. 
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Ee hav ior a l  A�ncrma lit ies 

Eehav io r is the �ro d uct of the integrated f unction 
of the body ' s  many org a n  s y stem s  an d metabolic process e s ,  
and any number c f  toxi c ef f e ct s  nay �e expr es s ed a s  be h av
iora l change s .  For exa n�le , heavy s�og adver s e l y  a ffe c t s  
the performance o f  athl ete s , and carbo n- �onoxi d e  decrea ses 
a l ertne s s . Re search on po s sibl e be hav iora l e f f ect s of nos t 
pol l utant s i s  at too e a r ly a s t a g e  o f  d eve lopment tc pe r
nit e xten sive i nterpreta ti on of the ri sk of such e f fect s . 
Neve rthe l e s s ,  it i s  li k ely that tehav i oral ef f ects can cccur 
at l eve l s  of exposure be low tho s e  tha� � roduce oth e r , l ess 
equi voca l  toxi c e f f e ct s  ( s e e  NRC 1 9 7 5b) . Impac t s  o n  be hav
ior roay therefore be w i d espread ; in th e long run , such 
e f f e ct s  may repre sent a na j or s o ci a l  c c s t  of po l lut ion . 

E ecause behavioral cha ng e s  �ay be the mos t  s en s itive 
sign s of to xic impa cts en o rgan i sn s , r e s earch t o  advanc e 
und e r standi ng o f  th i s  c las s o f  e f fects shou l d  h ave hi gh 
pri o rity in the envi ronreenta l h e alt h f i e ld .  The op �or�u
nity exi sts for b ehavi o ra l  a ss e s sne nt to play an i n port ar.t 
anci llary role in c l in i cal med i c al eva luat i on s  of �opu l a 
t ion s expo s ed to toxic substance s i n  t h e  e nvi ro nroe n t . 1 c  
make the no st o f  thi s o pportun i t y ,  res e arc h i s  n ee d ed o r  
the re lationsh i � s  betwe en beha v i c ra l e f fects and ot her 
(of ten late r )  toxic con s equenc e s .  

current c l i n i cal n e u rol ogic a l  t e st s  can de t e ct ove r t  
di se a s e ,  t u t  a r e  ina deq uat e  f o r  nea sur ing many m o r e  sub 
tle tehaviora l chang e s . son e te chnique s deve loped in 
expe rimenta l ps ychology and psyct.cph arn a cology p ern it 
c� j e ctive , qua ntitat ive me a sure roent s  o f  human behavior ; 
exa m � l e s  of such tes ts inc lude t h o s e  fer phys i ca l s trength 
and endur ance , n otor cocrdinat i o r.  a nd control , vig i lanc e ,  
and per f o rm anc e on s imp l e ,  �ono tcnous i nte l lect u a l  t a s k s  
(Va lze l l i  1 9 7 3 ) . Addi t i cn a l t e c hni que s to t� s t  f o r  t� h av
iora l chang e s  i n  human s  are n e ed e d  for a s s e s sroen t o f  
tehaviora l e ff e ct s  o f  e nvi ronme n t a l  po l lutant s . The ne eded 
techn ique s inc l ude : 
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• rro re p r ec i s e  a r. d  corrpl e te rrea e u rement s of neuro-
l og i ca l  d ys fun ction ; 

• psychometri c  t e st s  to det ect e a rl y ,  s u b tl e , no r.-
spec i f ic , s ubj ective behavioral e f f e ct s , such as f atigu e or 
rrood change s ;  

• qu a nti t a ti ve m e a sures o f  b e ha v i cra l e f f ect s in 
popu l ation s , s uch as s c hool abs ent e e i s rr  en he avy s rr og d ay s .  

Eehavioral a s s e s sme nts u s i n g  e x i st i r. g  t echn ique s s h culd 
t e  i ncorporated in e xam ina t i cns c f  i nd i v idua l s  who are 
e xpo sed both to high c o n cent rat i on s  of toxic c ontam ina nt s 
( a s  in an o ccupational set t i ng )  and to arrbi ent l eve ls o f  

pol l utant s .  Exper ience should s ugge st r e f i nemen t s  nee ded 
to �ake t e s t s  more s ui t able for eva luat ions o f  e ffect s  cf 
envi ronment a l  a gent s . E ach cf t h e t e s t s now av a i l atle 
rrea s ure s a d i f f e rent a r ray o f  f u r.ct icna1 chang e s ; i t  i s  
import ant , ther e for e , t o  s e l ect a t e st that can an swer a 
spe ci f i c ,  r e lev a nt que s t io n .  I f ,  f e r  e x amp le , a c ontam i
nant i s  s us pected of ma king peo p le les s re spon s i ve to m ini
rral change s in the i r  s u rroundi ng s ,  an a p �ropri a t e  b ehav ior a l  
screen woul d b e  t o  meas ure per fo rn a n ce en a t e s t  f o r  vi gi
lanc e ,  such as the a bi l ity to de tec t i n f %equent signa l s pre 
sented in a� e xperiment a l  s itua t ion . I f  th e l i kel y na t ure 
o f  behavior a l  c h ang e s  i s  un known , a ba ttery o f  tes t s  m a y  be 
requ ired . 

Evidence o f  beha vi o ral e f fe c t s  d r a � n  f rom ep iderrio
log i c a l  s tudie s ought tc be fol l cwe d b y  contro l l e d  cl i n i 
ca l stu d i e s  o f  human s u t j ect s e x �o s e d  t o  t h e  s u s�ec ted 
agen t s ,  � he re thi s i s  p c s s i b le .  S t udi e s  o f  behavi o ra l  
e f f e ct s  should b e  comb i n ed with et h e r  c l in i ca l  a nd epi
dem io logc a l  inv e stigat i o n s , suc h as th e se o n  chroni c de 
gen e rat i v e  d i s e a s es , de s cr i t ed e l se� h e r e  i n  t h i s c h apt e r .  
�o c a rry o u t  t h e  nee ded re s e a rc h , t h e  v a rious s t r engths of 
EPA , NIOSH , NI EHS , t he N at i onal center f er Toxi col ogica l 
Res e a rch (NC�R) , i ndus t r y ,  p ri v a t e  re s e a rc h  i n s t it utes , 
and unive r s iti e s  shoul d be u se d  in corr p l ementa r y  f a shi on . 
�he rrost cr iti c a l  ne ed i s  t �  c o r re l a te behavi o r a l  a sse s s
men t s  with o�her mea sur e s  o f  tox i c  e f f ects , r ather than 
simp ly to c onduct s epar a� e b ehav ior a l  t e st s . s u �po rt 
shcu ld therefo r �  be concentrate d on i n t e grated , rru lti
di s c ipl i nar y epi dem i ol o g ic a l  re s e a r c h  �rcgram s . 
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Chronic tegenerat ive Di sease� 
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Chronic degenerative d i s ea se s  (exc lu sive of cancer ) 
are the leading causes c f  death and di sati l ity. Many 
have known envi ronmenta l a s sociations ,  such as that 
between chronic bronchi t is and particulate ai r pol lu
tion (Storer 1 9 7 5 ) . Ot hers , such a s  st rcke , . high b lood 
�re s sure , tronchial asth�a , and diatete s ,  have distinc
tive geographi c patt erns ,  c l inical characteri stics , or 
�hy s io logic a l  mechanism s that sugge st that they may have 
envi ronmental caus es or at least that there is a ma jor 
environ�ental determinant of the ir f requency of occur
rence .  

Epide� iologica l  stud ie s  a r e  nee ded t c  i dent i fy �opu
laticns at high risk of such di s ea s e s .  e ither becau se o f  
intrinsic spec i al sens itivities cr tecau se of exce s sive 
expo sures tc' potential cau sative agents .  Once identifi ed, 
such populations should te exami ned cl inically , and toxi
cologica l t e sts shou ld be undertaken to �rovide additional 
insights into pathogenesis and tc help i d--ntify cau sati ve 
agents .  In some cases , substant ial epidemiologi cal inves
tigations may be neede d  to def ine approximate dose - response 
relation ships,  espec ia l ly when l cng-te rm , low- l evel expo
sure s and long l atency �er iods are involved.  

�he need to inc lude functional  test s  in epidemiolog ical 
surveys  deserves speci a l  empha s i s .  Most chronic degene ra
tive d i seases of such o rgans  a s  t�e lung , l iver , kidney , 
or c ircul atory system i niti a lly nan ife st themselve s  as �hys 
iologica l atnor�ali tie s ,  before nor�ho logi cal changes are 
apparent . �hese alterations in crg an function can be 
detected ty cli nical te sts , usua l ly at a stage where the 
cour se of the disease is st i ll reversi t le .  If e�idemio log
ica l  studie s inc lude , for e xamp l e , tes ts of l iver or pu l
mona ry function , they c an make it pcss i t le not only to iden
tify the ea rly stages  in the proce s s  of environmentally 
induced diseas e ,  but al so to ha lt o r  reverse that p roc e ss in 
at least so�e cases . 

!FA ' s curr ent efforts to identify �c�lations at ri sk 
because of  expo sure to �ol luted env iron� ents are laudable,  
tut nuch nore need s to te  done .  Fo�ulations with s�ec i al 
cccu�at iona l exposures and res idents o f  geographic area s 
with unusua lly high inc idence o f  speci fic disea s es off e r  
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much potential for valu able stud ies . Tc avoid unprcductive 
competition for the limite d  supp ly cf both epidemio logi sts 
and fund ing , co llaborat ive efforts among EPA,  NI EHS , NICSH, 
and ether appropriate i nstitutions shou ld be pur sued.  As 
in the ca se of cance r e pidemiol ogy , EPA ' s strongest contri
bution s  are likely to be in the area of characterization 
and rrea sureaent of envi ronmenta l factor s that may influ
ence particular diseas e s .  The d etermination of the di s ease 
status of populations a nd the unrave ling of causat ive p ro
ce s ses should draw on t he exper t ise cf scme of the wore 
spe c ia lized units  of the  Department cf Hea l th ,  Education 
and �el fare. 

TOXICO L CGY 

�cxicc logic a l  stud ie s  invo lv ing �arraalian ,  avi an , and 
aquatic species are the cornerstcne of research to dete r
wine adverse e ffects of envi ronmental agents . In this chap
ter , toxi cology is dis cuss ed chi e fly in terms of the  use  of 
anirral ( largely rodent) mode ls a s  surrog ate s to te st for 
potenti al e f fects on human h ealt h .  �oxicologica l studi e s  
o n  other donestic anima ls a n d  wi ldlife are important for 
the infor�ation they pr cduce on envir9nn.ental i nfl uences in 
di se ase s of species other t h an m an ( see  Chapter 5) . Toxi
cological e �per iments c an dewonstrate qualitative e ffects , 
such a s  cancer or bi rth de fects , that wight occur i n  huaans 
as  well a s  in te st animals , and they can suggest quantita
tive (dose-�esponse) re lationsh i �s .  For some ef fects o f  
some agents in some species , a nc-effect level can te d em
cnstrated with a given degree of stati s t ical re l iabi li t y .  
�ox i co log ic a l  re search a lso inc lude s s tudy o f  mechanism s 
cf act ion leading to ef fects .  

Anina l studie s have some se rious li�itation s ,  however . 
�here are many uncertainti e s  in attempts to re l ate data on 
cne speci�s , such a s  a mou s e ,  to pos s i t le effects  in ot her 
specie s ,  such as man .  cuantita t ive cow�ari son s tet�een 
spec ies are especia l ly dif f icult . Furth ermore , it is vir
tual ly impo ssib le to ma tch the ccndi ti cns of exposure i n  
the l aboratory with tho se i n  the amt ient envi ronroent , e ithe r 
in term s  of the timing cf dose s  cr i n  terms of the �i xture 
of pcl lut ants and other var i abl e s  that cccurs in the " r ea l  
wcrld . "  When e ffec t s  of ve ry lo�- leve l ,  long-term expo sur e s  
are the obj ect of  the i nve s t igat ion , s tati stically val i d  
wea surement s require e ither that a very large popu l ation o f  
ani�al s b e  expo sed o r  t h at dose s · sutstantia lly higher than 
those e ncountered in the amb ient environnent be us ed.  

�ests for chronic toxi c ity invo lve e laborate , o ften 
curob ersone � rocedure s,  rray take severa l years to conpl ete ,  
and can be cost ly i n  equipment , aninal s ,  and manpower . 
�hi le much wil l cont inu e t o  te l earned through long-tern 
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ani�al stud ies , the development cf rel i atle and widely 
appl icabl e  short-term test s  that can be use4 as rap id 
assays to select agent s  for more thorough testing i s  
stil l  an important n ee d .  

1 h i s  report concent rate s o n  tho se areas of toxicology 
that de serve high pr ior ity in re sear ch·  en the potentia l 
effects o f  changes in the environme nt .  Chronic tes ts for 
carcinogenicity are not explic it ly inc luded among the r ec
ommendations here , because we be lieve that importance o f  
chronic tes ts for carci nogens wi th a r.i�al model s  i s  cle ar 
and does not need to be stressed further . Empha si s should 
be p laced ,  however , on continued develop�ent of short-term 
bioassays to serve as s creens for potential carcinogens , 
and en ep idemio logical studies o f  envi ronmental factors 
in carcinogenes i s  (s ee above) . 

Short� t e rm  B ioa e says 

1he current keen i ntere st in e f f ects  of envi ronroent al 
contaminant s and the re cent enact�ent of toxic substances 
legi s laticn. have made more urgent the need for effective 
techniques for screening substan ces to determine the need 
for �ore thorough testing. Sho rt-term t ioassays th at c an 
reli abl y and inexpensiv ely ident ify carcinogenic or muta
genic propertie s of chemica l s  a re e special l y  needed . 

Research has been i ntense in thi s  area in the l ast few 
year s ,  and encouraging �reg res s  has teen made (NPC 197 5 a) . 
some bioassay s ystems f or carcincgenes i s  are ref ine�ents of 
tests in ani�a l s : these include the use of newborn animal s ,  
tran spl acental carcinog enesi s ,  the tra n s fer of  carcinog en 
inj ection s ites into a sec onda ry ho st , and the creation of 
immunodef ici encies in a nimals to short en the latency pe riod . 
1he chief disadvantage of these test s ystems remai ns the 
interval tetween the onset of  ex�osure and the a�pearance 
of a tu�or.  

ether recently deve loped bi o assay t echniques used tc 
indicate �otential carc inogeni c i t y  are based on change s 
induced by the agents tested in nicrobial and cell cultures . 
1hese chang es include produc tion of ch ronosomal aberrat ions , 
cytological alterat i ons , or mut ations ; alterati ons of D NA  
repair synthesi s ; reaction with r.ucleic aci ds : and iD x� 
cel l  tran sformation . None of  these te sts is com�letely 
pred ict ive. Of those mentioned , the re lationship between 
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the carcinogen i c  activity of som e  cc�pcur.ds and the ir pro
duct ion of  certain type e of nutation s ha s been examined most 
thoroughly. Ames ( 1 97 6 ) report s a hig h  correlation between 
carcinogeni city and mut agenicit y wh en conpounds are te sted 
in the §§lmgn,llt-micro some te s t .  �hen 30 0 substances clas
si fied on the basis of other dat a a s  carcinogens and noncar
cinogens were tested , 9 0  percent of the carcinogens were 
nutagenic . Furthermore , only 1 3  percent of 1 0 8 noncarc ino
gen s  tested were mut agenic. Alt t.ough this knowl edge i s  very 
valuable , experience doe s not yet warrant reliance on muta
geni city as a substitut e for carcinogenicity testing. (In
formation on mutagenici ty i s  va lua b le fer its own s ake , as 
wel l ;  see tt.e section below on b ioa s sa y s  for mutagenici ty. ) 
A drawback of in !!1� methods i s  the inabil ity cf the cul
ture d lymphocytes or f i trobl ast s used in the tests to carry 
cut sc�e enzyme-activa ted t ran sformations that change non
active substances into carcinoge r.ic w.etatolites . Some in
vestigators bel ieve that ce l l  tr ansfornation is more di rect
ly rela ted to carcinogenesi s than either of the other tests , 
but cel l transformation s have been reported for relatively 
few carcinogens . Neve r the le ss , thi s potential bioassay sys
tem ha s been chosen for extens ive study ty the NCI (McC ann 
and Ames 1 9 7 6 ) . 

Re search to develop and re f ir.e short-term bioas says 
should cont inue to be conducted ty ager.cies  such as NI EHS 
and NCI through those o f  their i r.-house , contract and grant 
�rog rams th at already h ave the a ppropriate research dir ec
tion and no,enture . EPA as a regulatory agency shou ld con
duct screen ing programs for env ironn.enta l  conta� ina nts , 
u s ing t he best deve l opment s that eme rge from such resea rch 
�rog ram s .  

Ef fec t s  of  Expc sures t c  
Mi xture s of Agent s 

, 
�UU2bsi1L.W1gglg b! 9i!�D�2����: 
l29�Al-1tYQi�§�At-ii1YlJ1J_§¥Q�' 
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in_AD-,U!i,2Dm§ntJl_�t!iD9-t�Jt_�!4 
A-Xi!k-�2-bYmaD-h!J�b · 

Very little specif i c  toxicol cgi cal evidence is ava i lable 
on h azards to human hea lth that result from expo sure to low 
leve ls  of heterogeneou s  mi xture s of contaminant s . Humans 
are exposed to contaminants in tt.e air , in drinking water ,  
i n  f cod s ,  o r  i n  comb ina tion s  o f  all th ree . Although the 
need to eva luate multip le- agent interact ions ha s l ong been 
recognized,  the complexity of te sts invo lving expo sures to 
several agents b y  more than one route cf  administr a tion is 
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forn idat l e .  Th i s  i s  a relative l y  new f ield of r e s e arch ; it 
is or.e in which we f eel a cons i d eratle e xpan� i on of ef f crt 
i s  need ed . 

In many occupat ion a l  env ironn ent s and in po l lut ed u rtan 
are a s , the nost common route of expo sure is like ly to b e  
inha lation. Inhalation to xi co l o gy the r e fore i s  one use fu l  
tool fo r study of expo sure s t o  mixture s of cont a�i n ant s .  
Inha lati on studies h ave teen con duct ed or. a w i d e  v a riet y of 
s i ng le toxicant s ,  and on s ome c c nb i nations of cont anin a nt s ,  
a�cng wh ich are N0 2 and carbon p article s  ( Boren 1 9 6 4 ) ,  S0 2 
and carbon particles ( D a lhamr. a n d  Stra ndterg 1 9 6 3) , S02 and 
soot (Pattle and Burge s s  1 9 5 7) , so 2 and �acl a e roso ls ( Amdur 
1 9 59)  and chromium- bea r i ng  ore a r.d die se l  engine exhau s t  
(Stuart e t  al . 1 97 0 ) . Some stud i e s  have shown s yne rgi s tic 

interaction s of cont ami nant s that produced rev e r s i t le or 
irreversitle di sease . s cme comb i na tion s have be en found 
to be less toxi c than e ither o f  the con�cunds a l one . 

A gre at dea l of inf orma t ion en inha lat i on toxi colog y 
has teen developed , inc lud i ng con s i der a t le know l edge of the 
depo sition a nd c learanc e of conta�i n ant s in the re s pi r a to ry 
tra c t .  Further refinem ents of t t.e technique s  o f  inha lation 
tcxi colog y  will be requ i re d  for inve stigations of comp l ex 
mi xt ures of contami n ant s .  Repl i c at ion of occupa t iona l cr 
anbient environ�ents f o r c ontro l led studie s is dif f icul t  
bec ause o f  the complexities of g ene r ating and moni toring 
�ult ip le contaminant s .  Fa nge- f i nd i ng tests are req uir e d  
t o  s e t  the 'xpo sure lev e ls f or a chron ic evaluat ion for a 
g iven te st anima l ,  a nd  concentrations signi f i c antl y above 
ambient condit ions m ay have to b e  u s ed . Improveroents a re 
needed in m ethod s of ge nerating a nd monitoring cont amin ant s , 
and in t h e  des ign of c h amber s  and a ir- f l ew  systen s .  

The capabi l i ty t o  c onduct conplex inha l ation s t udi e s  
has teen developed i n  a re l at iv e ly sna l l  numbe r c f  gove rn
nent and pr ivate cr uni ver s ity l abo ratorie s . The most 
fruitful approa ch to ac complish r.eeded inh a lat ion r e se a rch 
wou l d  appe a r  to be to c cnti nue tc su�pc rt s uc h  p rog r am s . 

A more compl ete eva luat ion c f  the e f fect s o f  m i xtur e s  
cf ccntan inant s  requ ire s te sts b a s e d  o n  ether route s o f  
admini stration , such a s  ing e stio n , as we ll as in ha lati on 
studie s .  Test s  comb in i ng inha la tion and i nge s t i on cf d i f
fe rent agents are al so needed t o  mi�ic the actua l cond i 
tion s o f  hu nan ex�o sure s .  
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Bioass ays for Mutagenicity 

Many b i o logical as s ays exist for testing the mutagenic 
�roperties of  environmental cont aminant s.  Most involve 
mic roo rgani s�s or other simple sy stems such as §Jlm2Dllll 
c r  �!Y'2�•i that a llow rapid d etection of mut ations. The 
use of marrmalian micros omal �reparatior.s  in combination �ith 
�icrcbi al a s says has i ncre a s ed tte value of test re sult s ,  
tut such tests are s ti l l  o f  que stionab le relevance in evalu
ating the r isk of mutagenic effects in �an or other �am�al s .  
Mice offer a better human analog , but such studies are time 
consuming and requir e  m a ny anima ls . lD !itro test s  usi ng 
cel l  culture s  or tis su e  preparat ion s ( including son.e derived 
from humans ) have proved va luab l e .  In a few instances . 
blood or urine from per sons expo sed to drugs or ether a gent s 
have teen te sted for mu tagenicity on microorgani sms (for 
exam�le , se e u. s .  D H EW  1 97 6 ) . 

�ddit ional biol ogic a l  tests that are practical , acc u
rate . and re levant a re needed, b eth for screening chemi cals 
for rrutagenicity and for  te sting the arrbient environment fo r 
�os sitl e routagenic haz a r ds .  S i gnif icant opportunit ies exi st 
to deve lo� addit iona l u seful technique s .  Research on t he 
mechani sms of mutation s  shou ld ccntinu e  to be pursued ,  toth 
to fac i l itate the deve lopment of bica s says and to incre ase 
under standing of mut agenic risk s ; prog rarrs in this area are 
under way now at NIEHS . Res ear c t.  to acccmplish th i s  goal 
shou ld �rcbatly te relative l y  u n focused , and would te best 
performed i n  a numbe r o f  e xi st i n g  univer sity or government 
laborator ie s with fundi ng through c ertain of the National 
Institute s o f  Health , s u ch as  N I EHS , N C I , or through t h e  
Food a n d  Dr ug Adnini stration (FD�) , ra ther than through EPA . 

Behavi ora l Effect s 

Eehav io r de �ends on the funct ional integri t y  of  a great 
rran y organ s yst ems and rretabol i c  prece s ses . Toxic eff e cts 
en any of  the body ' s sy stems , such a s  the nervous , endo 
crine , or immune system s ,  may be ex�re s s ed in behav iora l 
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change s .  Behaviora l e f fects ma y in turn involve a wide 
arra y of funct ional re s �on s e s ,  such as mctor strength and 
coordination , learni ng and memory , speech and communica 
tion , and emotional states . Exanples of behavioral eff ect s 
in hu�an s  i nclude interference with se n sory and motor i nte
gration ,  and intellectu al and emctiona l disabiliti e s  a s so
cia ted with methyl merc ury and l ead toxicity , respectively 
(Bry�e- Smith 1 9 7 2 ,  Evan s et al . 1 97 5 , S�yker 1 9 7 6) . 

As noted earlier , behav ioral e f fects can be ext reme ly 
dele terious to individua l huna n s  and to society. Behav
ioral changes in anima l s may have s igni ficant e cologica l 
con sequence s ,  through i a�a cts on proce sses like feeding , 
reproduction , and predator- prey int eraction s .  cur rent 
knowledge s ugge sts that subt le behaviora l chang e s  may occur 
at e xtreme l y  low dos e  l evel s ,  and t hus aay be sensitive 
indicators of toxicity tha t  aight be u sed to de tect haraful 
effects before irrevers ibl e  damage has been done (N�C 
1 97 S t ) . 

A ss e s s�ent s  of behaviora l e f fect s  i r.  laboratory ani aals , 
therefore , are potenti a lly very use ful fer eva luat ing a wid e  
range of toxic respons e s .  Thi s advant age i s  parti a lly c f f
set ty the complexity o f  behavi o x . so v any di f f erent f unc
tion s are involved in any g iven t eh avior that a bat tery of 
test s is usua l ly required to sc r een for behavioral changes . 
Furthermore , compens atory mechan ism s w ithin the organi s a  ma y 
aask a toxic proce s s  and i t s  beh avi cra l expre s si on unti l 
overt physi cal damage has been d one . 

A more fundamental d if f icult y ,  however , l i e s  i n  the 
interpretation o f  results o f  behavi ora l te sts.  A great 
number.  of techniques av ail able f rom exp erimenta l psycho l
ogy can rel iably mea su re e f f ec t s  on tehavior ; but t ehav iora l 
toxi cology i s  still too new a f ield tc have deve lope d 
uni fy ing concepts or princi ples for determi ni ng the signif
icance of  behavioral e f fects . 

1wo approache s ,  epi demio log y and t oxicolog y , o f fer great 
�rom i se to shed further li ght on the e f f ects on behavi or of 
a po l luted envi ronment . Epi dem i o logic a l studies on beh av
ior a l  re s�onse s , di scu s sed atove , mu st f ocus on the cor rela
tion s between changes i n  behavi o r  and ether expres s ion s  o f  
toxi city . 1he most productive a �proach in behavio ral toxi
cology i s  also to emph a s ize inve st i g at ions that can reveal 
rela tionshi�s between beha v i ora l change s and oth er �ea sure
�ent s of funct ional imp airment b ased on such techniques as 
neurophys io logy , hi stoc hemi stry , and mor�holog y .  'I he r ela
tionsh i p  tetwe en a g iven beh avioral ch ange and underlyi r.g 
funct iona l def i ciencie s mu s t  be unde rs tocd before behavior 
can be us ed as a sensitive ind i c ator of eth er . covert +: � x�. c 
e f f ect s , and before beh aviora l s creens can be emplo yed to 
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asse ss the �otential toxicity o f  sutst ances in a regula tory 
cont ext . 

A secondary obj ective of re s earch in behaviora l  toxi
cology shou ld be the develop�ent c f  quanti tative , pract ica l , 
and reproducible te st batteries tha t u se behavio ra l  changes 
to measure specifi c  functional i�pa irments . Until the nean
ing of particular behav iora l change s i s  determi ned , however , 
uniform testing procedures cannot be d eveloped ( Spyker and 
Avery 1 97 6 ) . 

coordinated mult idi s cip lina ry tcxiccloqical re s earch 
i s  requir ed to determine the correspondence between var ious 
funct iona l effects a nd  the i r  beh avi ora l consequence s. Pro
gram s with the needed combi nati ons of training and expe ri
ence to carry out such researc h  can be f ound in a smal l 
number o f  univer siti es and s ome govern�ent laboratorie s .  
Eecause o f  the fundanen tal nature o f  much o f  th e  re sear ch 
needed , univers ities s houl d play a re l ative ly large rol e  
in carryi ng out the rec ommended �rogra n s .  sever al fede ral 
agencie s have an inter e st in app licat i cns of behaviora l 
test s ,  and shou ld be involved i n  the sup�ort and coordi na
tion of thi s res earch ; among these agencie s are the Nat iona l 
Inst itute o f  Mental Hea lth , NI EHS , FDA , N IO SH ,  EFDA , and EPA 
(through NCTR) . Some re search tc deve lo� behavior a l  a s sess 

ment techniques and to test spec ific sutstances before nak-
ing regulatory deci sion s has be er. conducted within the s e  
agencie s an d should �rotably continue .  �IEHS shou l d  b e  test 
suited to coordinate �e s earch on tehavioral e f f ects of envi 
ronmenta l pollutant s .  

Teratology 

�oxic substance s ,  i ncluding environmental po llutant s ,  
can have aarked adverse ef f ects e n  the development �rocess . 
Embryos are especia l ly vulnera b l e  to e xposure s during the 
organogenic phase of early development , tut functiona l di s
crders produced prenata lly by toxic action may appear at any 
�oi nt in the process from conception thrcugh postnatal �atu
rat ion . In mammals ,  the nervous , endocrine , and immune sys 
tems seem to be most s u s ceptibl e to danage ; a l l  three c on
tinue to di f ferenti ate wel l . into the postnatal per iod .  

Fo l lowi ng the thalidomide i ncident in 1 96 0 ,  te sts for 
teratogenic ity have been requir ed for the appr oval cf new 
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arug s ;  cons equent ly , t h e re i s  a sub s t a n t ia l  re s e ar c h  ba se 
from �hi ch to conduct a s se s srrent s o f  the te r atog en i c  po ten
tial of env ironment al cont amin a nt s . Hc�ever , m e a s u reme nts 
o f  t eratoge n ic i t y  have s c  f a r  beer. large ly ba s e d  upon the 
dete ct ion of rel ati vel y  gro s s  de fects ,  such a s  s tructur a l  
abnor�a l i t i e s ,  overt f u ncti ona l impa irments at birt h ,  o r  
ret ard e d  growth . It i s  un l i k e l y  t h a t  n e st e xpo s ur e s t o  e n
vironment a l  co ntami nant s wi l l  p r cduce such c l i n i ca l ly o bvi
ou s de f ects ; and many s u bc l i ni c a l  e f fe ct s  may be overt l y  
expressed only l at er i n  l i f e ,  a s  de f e c t s i n  sub s e qu ent natu
rat icn a l  �rece s s e s  s uch as pube r ty .  I t  is impo rtan + , t h ere
fore , that the evaluat i on of ter atogen i c  e f f ec t s  o f  envi ron
�ent al agents include t e st s  for sub t le f uncti ona l impa i r 
ment s and that evaluat i ons b e  conti nue d for an e xt e nded 
�ostnata l  period . 

Although the ass es s rr. ent of m inirral ' f unct iona l d i sor ders 
is a relatively new di r ect i on f o r  t e rato log y ,  there ar e a 
number of useful tests that me a s ure such e f fect s .  Nervous 
syst em darrage a s  we l l  a s  i mpai rment s  of eth e r  s y stems c an be 
dete cte d wit h  behav i or a l  t e sts ( see th e �receed ing sec t i on) , 
and speci fi c tests for endo cri n e , imrrur.e , and l iver en z yme 
functions h ave been use d s uc ce s s ful ly in a number o f  s tudi e s  
�i l son et a l .  1 9 7 6 ) . 

An important rel at e a  n e e c  i s  f o r  re sea rch on me chan i sms 
cf a c ti on of teratog ens and the inf lue n c e  t he y  m ay h ave upon 
tioc hemic a l  pr oc e s s e s o f  c e l lu l a r  d i f f e renti at i o n .  Ee c aus e 
of the larg e  number of chem i ca l s a n d  o t h e r  age n t s ( and com
binat ions o f  a g ents ) to whi ch an em b ryo nay be expo sed and 
the leng th of t ime required for com � lete post- nata l eva lua
tion of potent ia l te ra tcge ni c e f fec t s ,  sho rt- cut s are u r
gent ly n eeded to estimate the ri sk o f  teratogeni city fo r a 
�art i cul ar substance o r  cl a s s  o f  sub st a n ce s . At present , 
the t e s t  ho�e of findi ng such sh crt-cut s i s  probab l y  to 
learn mor e about the me cha n i sms o f  act i o n  of s peci f ic sub
stan ce s .  Knowl edge on thi s sub j ect i s  s canty , but oppo r
tuni t i e s  exi st for s ign i fi c a nt p rogres s through rr.ore i nten
sive re s e arch (W i l s o n  e t  a l .  1 97 6) . 

Most terato logi c al res earch at pre s e r.t i s  conducted by 
drug companies to meet FDA r egu l at i ons en eva l uation of 
new �rod uct s .  I f  th i s  �ork we re expande d to i n c lu d e  mo r e  
exte n s i ve a ss e s sment s o f  s u b cl i n ic a l  f u n ct i on a l  de f ici t s  
ove r the li fe of the o r g ani s n , i t  migh t  te of some gen e r a l  
use for environment a l  d e ci s i on m ak i ng .  M o r e  s p e ci f ic � valu
at ions o f  t e ratogeni c e f fe c t s  of envi r cnrr.ental cont ami n ants 
are under way at N I EHS and NCTR . some e xc e l l en� work i s  
tei n g  done i n  a number c f  u n ive r si t i e s , �i th suppo r t  p r i
ma ri l y  from the Nat i on a l  I ns t i t u t e  of C h i l d  H e a l t h  and 
Human Deve l o pme nt and t h e  N a t i on a l  F cu r. d atior.- -The Mar c h  
o f  Dime s . Incr eased s u �po r t  o f  t ho s e  e x ist ing r e s e arch 
prog ram s  that are movi n g  i n  th� d i r e c t i o n s  d e s c r i b e d  h e re 
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appears to promise resu lts most use ful for evaluat ing the 
teratogen ic ri sks of po l luta nt s .  

MECHANI SMS C F  AC�I C� 

Infor�ation ' on the �echani sms of action of toxic aut
stances can provide th e  crucial link tet�en evidence of 
envi ron�e nt a l  exposure s and observed e ffects (Mi ll er and 
Mil l er 1 9 7 4 ) . The t erm me chan i s � s  of action encompasse s 
the full range o f  biochereical and phys io logica l �roces s e s 
that cccur in l ivi ng sy stems i n  re s pon se to envi ronmental 
contaminant s. From initia l expo sure t o  some end po int cr 
effect. proces s e s at le vel s f rore the aut -mo lecu le to the 
org ani sm as a whole det ermine the ways in which sub stances 
are atsorbed . transloca ted . and tra n sf or�ed . A similar 
array of process es governs the r espons es of l iv ing systems 
to the presence of cont a�inant s .  Re search on mechanisms 
seek s  to illuminate . i n  biochemi ca l and �hys io l ogic a l terms 
for the �ost part .  the deta i ls o f  the �rocesses and changes 
that occur. 

Critica l areas o f  informati or. r e la ted to mechan isms 
incl ude : 

• . ��Jk� : Biol ogica l  avai latil ity at t h e  ho st/e nvi 
ronment interface and at the sur face o f  the targ et cel l . 

• �nAt2mi�-IA� :  I denti ty o f  t arget cel l s i rate s and 
extents of translocation .  accumu lat ion . storage . moti li za
tion . and excretion of chemi cal s and m etabolites . 

• ���AQ2l�i�t = Pa thwa ys . produc ts . by-products . 
and rates o f  the met abo lism o f  t t.e substanc e i toxic ati or. and 
deto xication. 

• fl�b29!D�i§ :  Function a l  and s tructural chang es in 
target cell s .  tissues . and organ s .  

�nowl edge o f  mechan isms of act i on i s  extreme ly i�por
tant for the i nf erence o f  ca usa l re lationships . It can also 
�rov ide ear l y  indicati ons o f  bio log i ca l  effect s that c ould 
�ake it pos s ib l e  to detect the i r.i tiatior. of a pathogenic 
�roc ess before overt di sea s e  ap� e ar s .  when prevent ive a ction 
or e ar ly tr eatment a re pos sible . I nforn.ati on on mechani sms 
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also o f fers a bas i s  for deducing the pct ential e ff e cts cf 
sub stanc e s  that have no t been e x ten sive ly tested . When the 
mechani sm of action of a known c arc inogen, mutagen , or tera
toger. is understood , a d emonstration that anothe r  subst ance 
�roduces an alogous bio c hemi cal or metat c li c  change s mi ght 
lead to a presum�tion that the second s ubstance could h ave 
simi lar toxi c e f fects. su ch ext rapo lat icns require further 
�roo f ,  but. know ledge of mechani s n s  is the mos t  valuabl e 
�re s umptive bas i s  for c hoo s i ng a ddit ional tests and for 
est inating risk s  in the absence cf res u lts of more time 
con s umi ng stud i e s .  

!xanp le s of ' the nee d  for infcrmati on on mechani sms 
can te foun d  in almo st all of the prob l en area s discus s ed 
ear l ie r  in thi s chapte r . I n  re search on mutati ons , for 
instance , both the met atol i s �  of mutagens and the molec u
lar event s a s s oc iated with muta t ion need to be understood. 
such knowledge could he lp to answer the di fficult question 
of whether a thresho ld exi sts f o r  mutagenic haz ards . The 
stud y o f  environment al carcinogenes i s  requires informa t i on 
on the �eta tol i c  deg rad a tion of substa nces and the int e r
action s  tetween products of met atol i sm and the gen e tic 
nate ria l of ce l ls .  Bec ause of the long latent period until 
tumors appear, knowl edge of changes in cel l or t is s ue f unc
tion that occur ear l y  i r.  the onccgenic � roce ss i s  very n.uch 
needed. 

It has been suggested that a small number o f  meta-
tclic pathways , perhaps fewer t han a d c zen , are involve d 
i n  the meta bol i sm o f  environmental cont aninant s ty livi r.g 
syste�s (Gehring 1 97 5) . Neverthele s s ,  the proce ss e s  may 
be e xtreme l y  complex ; f or examp l e , dif ferent bi ochemica l 
path�ays may be activat ed at di f ferent dcse leve ls cf a 
sing le sut s t anc e (Mi lle r and Mi l ler 1 97 4 ) . Because of this 
complexity,  it seems un likely that study of limite d  aspects 
cf the mechani s ms of ac tion of a large number o f  subst ances 
would lead to useful gener a l iz at ions within the near future . 
A sounder r e search stra tegy wou ld be to emphas i z e  concentra
ted ef forts to fill in gaps in knowledge of the mechani sms 
cf acti on -o f a f ew wel l - studied agents ( e. g . ,  ch lor inated 
hyd rocartcns or heavy meta l s) . teta i led understand ing of 
the molecul ar k ineti cs o f  proce s s es that occur in response 
to a range of doses and under d i ffe rent nodi fying condi tions 
wil l  te mos t useful tot h for dec i si on naking and as a g uide 
to future r e sea rch . 

Vital a s  i t  is to unde r stand ing e f f ect s , r e s earch on 
nech a n i s� s  i s  sut j ec t  tc some i n�or tan t limita ti on s .  Varia
tion s in the way s  a sing le organi sm o r  dif f erent s p eci e s  
re spcnd to a given agent ma k e  t h e  mean i ng of many f ind i ngs 
uncertain . Demon strat i c n  of a ro echani sn. i n  a ti ssue cu l
ture , or even in a l ive ani mal , is not evidenc e that the 
same proces s occurs in ethe r ani na l s  or nan ;  and eluci d a-
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tion of the mechanisue c f  action of single agents does DOt 
nece s sari ly allow e s timati on of the ef fects of combinat ions 
cf agents .  Understanding a mechanism o f  action may require 
years , not �onths , of c areful re search (Mi l ler and Mil l er 
1 97 4 ) . 

Neverthele s s ,  the a nswers such studies can provide are 
very . import ant , and th i s  f i eld s t.ou l d  continue to receive 
substantial emphasis i n  re search planning. severa l excel
lent exi sting programs ,  such a s  those at NIEHS and NCI , 
have been mentioned in ear l ier pcrticns cf thi s chapter . 
EPA shoul d  interact clo sely with NIEHS and other agenc i e s  
invo lved i n  re search o n  mechan i sns , t o  ensure that the 
work i s  use ful for t he eva luati on of potential environ
mental ha zards ; EPA nee d  not , ho�ever , develop an e xten
sive program of its own to do s uch �ork . 
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Huma n- i n duc e d  chang es in th e environ�ent h ave had 
adve rse eff ects on both wi l d  and dome s t ic anima l s. Damage 
to agr icu ltura l live stock, poult ry , pet s , and other domestic 
anima l s  has occ asionall y been s evere ,  with important eccnom• 
ic ccn seque nce s (Lil lie 1 97 0 ) . tamage tc wild bird s ,  f ish, 
and mammals has decr eas ed the a e stheti c and recr eat iona l 
v a lue of the environment , an d th is in turn has h ad cons id
erable economi c impact (L. Sti ckel 1 97 5 ) .  In ecologica l 
term s ,  e f fects on popul ation s o f  ene s t:ecies may h a'9e ccn
sequences for other elenents in bio log i c al co��uni t ies that 
interac t �ith the a f fected orga n ism s .  I n  addit ion to their 
intrinsic i nportance , e ffec t s  on wi ld or dome s ti c a nima ls 
rray cccasional l y  provi de corroborat ive evidence or �arni ngs 
cf  pc�ent ia l risks to h una n s . 

�esearch on effects on domes tic ani�als ar.d w i l dli f e  
�ust deve lop the same l ine s  of e vid enc e  needed to evalu ate 
human health hazards . spec i fi ca lly , c l o se ly coord i nate� 
studie s are needed to a sse s s the hea lth status o f  anima l 
populations in the f ie l d  be for e ,  dur i n g , and a f ter t:ol l u
tion episod e s  of short cr long dura tion ; to mea sure expo
sure s of animal s to agents suspected of causing any e f f ects 
ctserved ; to te st the e ffec t s  of the same agents on ani nals 
under controlled laboratory cond itions ; and to elucidate 
the met abol i c  and ecologic a l  mect.an isme cf effects . E f fec
tive study cf the irrt:ac t s  of env ironne ntal contani n ant s on 
anim al s requires integr ated mul t i di s ci p linary rese•rch . 

Large g aps remain � n  our understanding of e f fects 
of envi ronment a l  contam inant s on anina l s . Much cf the 
pub l i shed re search has tee n done in re spcnse to particu
lar t:robl em s  or specifi c needs for regulatory ac tion, 
and l acks both the breadth a nd the depth requi red to 

. suppcrt wider extrapolation s or nore f un dament a l  pr in
cip l e s . Fu rthermore , the state cf kno� ledge i s  di f fer
ent for dome sti c and wi l d anima l s .  

�he b io logy and phy sio logy o f  most economic a ll y  signifi
cant live stock , pets , and other dome st ic anima l s  h a ve been 
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studied extensively. R e latively detai led knowledge is 
avai lab le on toxic effects of s o�e air pol lutants ,  such 
as f luoride and arsenic , and o f  certai n water conta�inants , 
such a s  n itrate , that have had i nporta n t  impact s on live
stock (Li ll ie 1 9 7 0 ,  NRC 1 9 7 2 ) . 1he nutritional and hea lth 
effects of both excessive and i n su f f ic i er.t inge stion of n.any 
ether trace element s  have a l so been � 1 1  documented ,  ch iefly 
from . the perspective o f  improving animal produc tion . I nves 
tigations o f  e f f ects o f  envi ronmental contaminants have teen 
rel atively uncommon. except in cases of substant ia l and ob
viou s in jur y to live stock. Very li ttle is known yet about , 
for example , the eff ect s on dome stic a nina l s  of common urban 
air pol luta nts like ozone and other photochemic a l  oxidants 
(�i l lie 1 97 0) . Many f a rms and f eedlot s li e within heavily 
pol luted air sheds ( suc h  as the san Bernardino-Rive r side 
basin) , and it is important to know whether such environ
ment al cond itions have had s igni f ic ant ·effects on the 
hea lth or productivi ty c f  live s t cck . 

�he re are a number of s tri k i ng and well- documented 
exa�ple s of ef f ects of envi ronme nta l contaminant s on wi ld
li fe , such as eggshe ll thi nning in fi sh-eating bir d s  due 
to chlorina ted hydrocar ton pest i c ides in the food chai n .  
In genera l ,  however ,  i n f ormation on actual or potential 
effects o f  contaminant s on wildl ife is far from complete . 
Relative ly litt le i s  kncwn o f  the physiological re spon s es 
of wild species o f  terr estr i al and aquatic vertetr a tes and 
invertebrate s  to potent ial envi rcnment a l  hazard s . Unl i ke 
dome sti c anima l s , most wil d l i f e  org ani s n s  must continuously 
inte ract in demanding ways with the i r  surroundings (to find 
food or a mate , to avo i d  predators , and so on) . Fo r wi ld
lif e . the refore , subtle effects , suc h  as change s  in re pro
duct ive suc ces s or behavio r ,  ma y have consequences for popu
lati on s that are as import ant a s ,  o r  more important than , 
nort a lity o r  overt toxi city . 

A great de a l  of fi e ld and l ator atory research on 
w i l d l i f e  has be en conducted both on re latively easi ly 
obse rved acute effects and on chronic,  more s ubtle repro
duct ive o� behaviora l i�pac t s .  Inve st igation s  have con 
centrated on organi sros w ith import ant e ccnomic s ignif i
can ce ,  such as agricul tura l pe s t e ,  pol l inator s ,  she ll
fish , comme rci a l  food and g ame f ish , and the food chain 
orgar.isros on which the latter de pend . Effects on wild 
bird s and fttamma ls have teen stud ied le s s  inten s i ve l y ,  
although the se effects have rec� ived much publi c atten-

. tion.  

Despite the substantia l  inf o rnation tase avail able , 
knowledge o f  e f fects on wi l d l i f e is  far from adequa te 
(W. St icke l 1 97 5 ) . One fundamental �rct lem i s  the eno r 

nous nunber o f  contanin a nt s  tha t  a re w i de spread i n  the 
envi ronment , and the v a st array cf spe c i es that na y be 
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at r i sk .  Another impo r t an t  lack i s  knc� ledge o f  mecha
ni sm s tha t e xi s t  withi n wil dli f e  popul at ions that �ay 
of f s et or compensate f o r  e f fect s of po l luti on . 

some ba sic probl ems common tc r e s e arch on both dome stic 
and wild an i wal s have l imi te d the - u sef u l ne s s  of �ch of the 
ava i lable information f or estim a t in g  risks . Vul ne r abi l ity 
to most e ff e ct s  di ffers sh a rpl y and unpredi ctably auong 
spec i e s ; even within a spe c i es ,  e f f e ct s  can vary with such 
char acter istics as age ,  sex ,  nutrit ion a l  condition , and 
sea sonal or re produc tive state ( � .  Stickel 1 97 5 ) . Some 
contaminant s are ingest ed or a b s crbed di rectly by anima ls , 
wh i l e  other s are accumu late d by � la nts o r  othe r org ani s�s 
in food chains . �oxic � ffe cts w ay a�pe a r  only i n  a nima l s  
at h igher l evel s o f  the food web . s cKet iKe s wel l reaoved 
in space and ti me f r om  source s  o f  p o l lution .  Indi r ect 
impa ct s m ay occur in some popul ation s tbrou gh e cologica l  
int e ra ct ion s  ( such a s  decrea sed ava i la bi lity o f  prey o r  
�oll inato rs ) rather t h a n  through d irect toxi city . 

One ver y important are a in wt.ich mere informat i on i s  
needed i s  t he combined e ff ects on a n im a l s  of multi p le pcl
lutants and ether envi ronme nta l  cr physiologi cal stres s es .  
Many studie s o f  the to xicity o f  wixtur e s  o f  agents have been 
done in the laborato ry ,  pri ma ri l y  with aquati c o rg a ni s m s , 
and interaction s between s ome pe st i c id e s  and phy s i o logi cal 
stre sses (such as hung e r) have been exa�ined in some bi rds 
and f i sh (W. St ickel 1 9 7 5) . In genera l ,  however ,  not e nough 
i s  known to estimate the r i s k  i nvolved in s imul t aneous cr 
sequent ia l e xpo su re s  to mu lt iple conta K i nants that are 
lik e l y  to occur in the ambi ent envi ron�ent . 

�o achieve the capa bili ty to pre d i c t  and pr event e f fect s 
en dome stic animal s an d  wi ldli f e .  s owe broad pr inc i �les of 
che� ica l ecology �ust be developed . Uni fyi ng conc epts are 
needed to under stand an d pr edict speci e s  di fferenc e s ,  t c  
a s s e s s  the ris k s  o f  �ix ture s o f  �ol luta nts , and to reso lve 
ethe r  eurren�l y unanswerabl e que stions . such a structure 
cf know ledge should be tui lt up throug h we ll- conce i ved , 
eoordi�ated int erdi s ci p lina ry r e search . Some c rit ical �ro
gram s to develop needed informa t i on are de s cr i bed i n  t h e  
recommend ations that f o l low . 

- 6 6  -

Copyright © National Academy of Sciences. All rights reserved.

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

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


EP IDEMIOLCGY OF DO�ES�IC A �IMALS 

Agr icul tura l livestock . pet s . a n ima l s  in zoo s .  and 
smal l birds and animal s +�at comnon ly share h·�an h abi 
tat s are exposed to many of thP. same ri sks of envi ronmen
tal l y  i nduced dfs eas es as peop l e  ar e .  Speci fic fun cti onal 
ef fect s . cau sa t ive a gent s .  a nd rcut e s  of e xposure m ay be 
simi lar to or di f ferent fr om tho se exp er ienced by m an .  
tut the end re su lt s- -death . deg e r.e rative di sea s e . c ancer . 
ti rth defects . mutat ion s ,  or beh avi ora l' abnorma l it i es- 
Kay t e  much the same fo % a gre a t  ma ny spec i e s .  

Effects i n  anima ls with rel atively short l i f es p ans Kay . 
in s ome c as e s . serve a s  ea r l y  wa rnings of potential chronic 
ef f ects in humans , and anima l ep idemio logi c a l  d ata might 
provi de corrobor ative evidence o f  p att err.s of d i se a se s  in 
nan. In nany other in s tance s .  the suf feri ng and e conomic 
damage th at env ironment al agen t s  cause in animal popula tion s 
are important i n  themse lve s . regard le s s  cf impl i cat ion s for 
human healt h .  some not able �ol l ution- r e lat ed outbreaks cf 
d i sease in dome s tic aninal s inc l ude f luoro s i s  in c attl e and 
sheep grazi ng in the vi cinity o f  pho sph ate or a l um i num �re
ce s s ing o perati ons (NRC 1 9 7 4 ) . ar.d tox i c  ef fect s of feed 
cont ami nate d  with ' po lybrominat e d  ti phen y ls in f a rm  animals 
in M i chigan (I s leib and Whi tehe a d  1 9 75 ) . It is ver y  l i kely 
that the re a re many additional d ist inct ive ( i f  l e s s obv ious ) 
envi ronment -link�d patt erns in t t e  inc i d ence o f  di s eas e s  of 
doD'e st ic anina l s . but u n le s s  attenp t s  a re made to f ind them . 
the y may go unnot i ced. Studies sho u ld te unde rtak en t o  look 
for such pa t terns . and when the y are i d e nti fied additio nal 
te st s sho cl d b e  purs ued . includ ing co l l ection o f  t i ssue sam
� l e s ,  toxicolog ical experiments . and c l i ni c a l  veterina r y  
stud i e s .  

Capab i l itie s f or c onduct ing aninal e� idemio l og y  are 
rel a ti ve l y  limi ted a t  present. Most s t a t e s  mainta i n  r e gis
tri e s  of di sea s e s  of l i vestock . and re g i strie s o f  t umo r s in 
pet s have been propo sed in s ome areas , tut no sy stemat i c  
e f f o rt to orga nize s uc h  a surve i l la nce program h a s  teen 
mad e .  The opportunity exi s t s .  in conne ction �ith hu�a n 
ep i d�m i o l og i ca l stud ie s that a r e lik�l y to be unde r take n  
in the ne xt sever al ye a rs ( s ee c � apter 4 ) . to i ncl ude 
information on nonhuman spe c ie s  expo sed to the s am e  env i
ronment s (Shimk i n  1 9 74 . Do l l 1 9 7 6 ) . Additiona l st udi e s  
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of l ivestock i n  rur a l  a rea s roi gh t a lso t e  u s e ful . Nei ther 
a l l  the required techni que s for de te cti ng envi ronmenta l ly 
induced d is eas e s  i n  ani �al s nor the aa n�cwe r  ne eded to 
noun t an e f fect ive nat i cnwi de prcgr a� in this f i eld i s  yet 
ava i lable . A pi lot pro g ram migh t be c a rried out i n stead 
in a sma l l  number o f  carefu l ly s elected ar eas as part of 
stud i e s  o f  huma n di sea s e  pa ttern s i n  the same l o cat ion s . 
I f  thi s approach ful fi l l s  i t s  ap� arent �remi s e ,  it shou ld 
rec e ive a highe r  pri ori ty in the future . 

�OXI COLOGICAL STUti ES 

1 h e  phy s io logy , tox i co l ogy , and ph a rnacolog y o f  wi l a  
and dome s ti c  birds , mam�al s. f i s t ,  a nd ether organ i sm s  
ai f fer cons ide rably from tho se o f  m a n  or of the st andar d  
l aboratory animal surr o gates f o r  man . Adva nce s  in toxi 
co logic a l  method s for e val uating r i sks to human he a lth 
should be p aral l el ed by the aeve lopu:ent cf inc r e a s ingl y 
sen s itive technique s  f o r  de tect i ng e f f ects i n  o the r 
speci e s . Many avai l abl e met hod s ar e a d equate o n ly for 
�ea suring a cute effect s  of high expo sure s ;  a numter of 
more sensit ive tests e x i st ,  tut tave been employed �ith 
rel a tive ly few speci es . Mo st o f  the inpcrtant chronic 
ef fect s  of low- leve l environment a l  pol luti on are l i ke l y  
t o  be in s id i ous . Expe r ine n ta l  methods a re nee d e d  t hat 
can detect mutations . e ffect s o n  tehav i c r  o r  re prod uc
t ive p roces ses , a nd sub t le or s ubc l i ni c a l di s e a se condi 
tion s th at roay mak e  the organism �ore 9 u scept ible to ot her 
envi ron�e nt a l  hazard s ,  such a s  p redati o n , pathogen s . or 
adve rse weather .  

some se nsi tive t oxi colog ica l me thod s have been adap ted 
to test for low- leve l toxi c ity i n  w i ld l i fe ; for exanple , 
beh aviora l chang es hav e  te en ob s erv e d  in f i sh and t ird s i n  
r e sponse t o  po l luta nts (�a rner e t  a l .  1 966 , And erson 1 9 7 1 , 
Hei n z  1 9 7 6 ) . Empha sis shou l d  be place d  toth on ext ens i on o f  
emerging te chniques to eth e r  impcrtant w ildli f e  spe c ie s , a n d  
o n  i n cre a si ng unders tan d ing o f  t t e  b io lcgi c a l  a n d  e co l o gica l 
me an ing o f  obs erved ef f ect s . 

tet erminat i on o f  the e co lo g i c a l  s i g n if icance o f  teh av
icra l and other subt le e f f e c t s  o r.  a nima l s  requi res labo ra
tory studie s that go be yon d s i n g l e  spe c i es and e xam ine 
inte ractions �ypica l of the eco l cg i c a l  ccmmunit y . Fes e arch 
i s  n eed e d  to adv ance co n ceptua l  �od e l s  a nd techniques f er 
exp er imen t3 l study in t h i s  a rea . I nitia l e ffort s s hou l d  
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t e  d i r e ct ed tow ard deve lop i ng l a t c r at o r y  t e s t s  f e r  e f f e c t s  
e n  pc�u laticn i n teracti c n s .  wh i c h  m i ght then be ve r i f i e d  
i n  the f i el d. The r es e arch wou l d n eed tc be mu l t i d i sc i 
F l i n a ry .  coord i nating p hy s i o log i ca l .  t c x ico loq i c a l , and 
behavior a l  stud i e s with the sort s of i n v e s t i ga t i on s  of 
e f f e c t s  at the c ommuni t y a nd ec o s ys tem leve l that a r e  
de s cri bed in Ch apt er 7 .  

It i s  inportant to examine e f f e cts c f  pol lutant s o n  
anim al s o f  vari e d  t a xonomi c grou � s  and h ab i ts unde r  di f 
feren t seasonal and phy s io logi c a l cond i tions . Res e arch 
on e ffect s of c ombinat i ons o f  c h emi cal s ,  a dmini ste red 
concurren tly and con sec utive ly , dese rve s high pr iority . 
For toxi cological studi es to be nost use ful for eva lu
ating e ff ec t s  i n  the f i e ld ,  it i s  e s se nt ial to examine 
the in f luen ce of as man y of the relevant variab l es a s  
�o s s i t l e  under control l ed condi t ion s .  

FIELD S!UDI ES 0 �  WILD liFE 

li!lS-iDX!§tigJ�QD!-��12-t�-�A,�g 
QY�..in�AUll!:J: wi tb "�im!D�U 
!�Y2i�-t2-�Aiin��!-k2�Yli�i�n 
g�Damic;s& t�AXi21:�-2D9_1:�du.£tiX! 
§yc;c;�§§_Q, w�l2li!!_§�!�i!§..in�k21= 
lYt!9_mrn•21lm��§ . 

�c t e st the signif i cance i n  the li f e  of the or gani s n  
c f  a n y  e f fects reve a le d  ty l abo r atory tc xicologi ca l te s t s , 
it i s  neces sary to s tud y wi ldli f e  pc�u lati ons i n  the f i eld .  
Laboratory and field s t udi e s  mu s t  h �  c l nRely coordinat e d .  
s o  t h a t  e co log i st s  a nd toxico log i s t s  c a n  make conp arab l e  
cb s e rvati cn s o n  the sa m e  s pec i e s . 

�h i le l abo r atory st udi e s  a r e  co n cern ed with the re 

spon s e s  o f  sna l l ,  c onf i ned popu lati on s c f  a nima l s ,  fi e l d  
stud ie s mus t d e a l  with e f f e cts o r.  l arge r ,  f ree- l iv i ng 
popu lat i on s . Behav i or a l ,  re �rod uct ive , cr oth e r  chron i c  
ef � e ct s  may lead to change s in t r. e  s i z e , a g e  s t r ucture , 
c r  s � a t i a l  distr ibut ion cf popu l at i c n s . Field res e arch 
often requi res m any ye ars for f u l l eva luation of such 
e f f e ct s , be caus e  bi o log i ca l  �roc e s s e s n a y  al low popula
tion s to re spon d to or compen s a t e for a dverse c ond i ti o n s .  

D i se a se , corrpeti ti o r. , preda t i o� ,  the we athe r ,  a nd i n
he re nt char act er i st i cs o f  t he po � u l a• i c n con� r i t ut e  to n a � u 

r a l  f l u ct u a t ions in po pu lati on d en s it y .  and oth e r  f act o r s  
unr e l a t e d t c  po l lu t i on rray h ave adv e r s e  e f f ec t s  o n  wi l d li f e . 
I f  e f fects o f  pol lut ant s a r e  � o  te d i s t ingui shed f rom t hose 
due to o t he r cause s ,  f i e ld r e s e a rch rru s t  b e  c l o s el y ti e d  to 
toth labora tory test s a n d  i nve s t igat i o n s of mec h an i s�s . 
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MECHANI SMS Of AC�ION 

�he e lucida tion of bio logica l mechanisms of act ion 
i s  a nether cri t i cal el e�ent in ur:de r st anding e f f ect s o n  
wi ld and doae sti c  anima l s .  Inf orma tion o f  th i s  sort c a n  
b e  obtai ned b y  study o f  the met atolism and pha rmac o log y  
o f  chemi cal s i n  orqani s a s  a nd b y  exaai nati on o f  eco logi 
cal �roce ss e s  s uch a s  b ioa ccumu l ation , f cod cha i n  tran s 
f e r ,  and de gra d a tion o f  po l l utants . such knowl edge is 
needed to d evel op princ ipl e s  for de f ining, f or e xau�le , 
the �hys icl ogic a l ba si s  of d if f e rence s aaong speci e s , 
the nature o f  inter a ct i ons amon g po l lut a r.t s  o r  among 
pol l utant s  and other stres s e s , ar.d the re lati on shi p s  
betw een e ff ect s on a g i ven organ ism and tho se o n  othe r s  
at d i f ferent leve l s  of a f ood web . such g ene ral pr inc i 
ple s are es senti a l  for the pre d i cti on o f  ecol og i ca l  
e f f e � s  f rou li aited da ta o n  the bio log i ca l  acti vi ty 
o f  a sub stance. 

A second va luabl e r e sult of re s ear ch on mechani sms i s  
know ledge o f  t h e  physio log i c a l  ccrr e la t e s  o f  e f f ec t s  o n  
b eh avi or , re producti on ,  o r  othe r importa nt func tio n s : s uch 
knowledge c an l e ad to a ccur ate , sen s it iv e ,  and s imp le b io
a s s a y s  f o r  e ffect s .  I n crea sed u r.de r standing of the mec h
ani sm s of to xi c ity m ight a l s o  prcvi de a bas i s  for the u se 
cf s oue spe c i f i c  wi ld o r  dome sti c a n ima l s  a s  " s enti nel s "  
to provi de ear l y warni n g s  of pot enti al envi ronment a l  ha 2-
ard s to man , or to othe r wi ld o r  do�e stic spec i e s .  

INS�I TUtiONAL A�RANGEME�TS 

. � e s e a rch on effe ct s  of env i r cnment a l  contam i nan t s  or. 
vari eus a ni ua l  s pec i e s  is be ing conduc ted in ma ny gover n
mel'lt agenci e s  and un iversi t. i e s .  studi e s  o f  e f f e ct s  on 
l ive stock and othe r dome stic ani aa l s  have bee n  con duct e d 
or s u�ported by the tep artment o f  Agri cu ltu re (USDA ) , many 
state agr icultur al res e arch pro g r ams , the anima l pr oduc ing 
indu e t ry ,  s e�e h ea lth a g enc i e s , and university sci enti s t s 
in seve r al disc iplines . R e s ea r c h  on e f f ect s on wi l dli f e 
i s  being done by or for the Depa rtment o f  the I nter ior 
(Fi sh and Wildl i f e  s ervice ) , t h e  Dep artn ent of ccmmerce 
(the Nat ion al Marine Fi sher i e s  s e rv i ce , in NOAA) , USDA , 
EPA , ERtA ,  N I EH S ,  and s ome stat e age n c i e s . Add i t ional 
cont r ib u t io n s  have come f rom a number o f  univer s it i es , 
and N SF has sup �orted inve s t igation s  i n  thi s f i e ld .  

- 7 0 -

Copyright © National Academy of Sciences. All rights reserved.

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

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


In gene ral , rQl e s  a n d  r e spon s i b i lities for r e s e arch 
a«.ong the many agenc ie s invo lve d have t e en re asona b ly we l l  
def i ned and separat e d ,  tut impr oved coordinat i on i s  st i ll 
needed in s ome a rea s , s uch a s  e f fect s on aquat i c  o r gan i sms . 

�he res earch recomm ende d here c an � rcbably be accom
�l i s ted test , at lea st in terms cf f ed e ral invo l vement , 
� i t h i n  long-ter� re s ea r ch progra n s  i n  agenc i e s with the 
greatest inter est and e xpertis e in a�pro�r i at e  a re a s :  
USDA for live stock a nd ethe r d ome s t i c  anima l s , and DOI 
and NOAA for f i sh an d w i ld l i fe .  sone c f  the bas ic tic
logi ca l r e s earch might be done w ithi n  or be s upport ed by 
certain o f f i ce s  of N IH ,  especi a l ly N IEHS,  a nd in un ive r 
s i t i e s . 

A s  i n  most envi r onm ent a l  r e s earch, interagency coor
dinat ion is important ; in parti c u la r ,  re search in othe r 
agen c i e s  shou ld draw �pen EPA ' s knowledge of th e cu rren t 
cr like l y  s t at e  o f  the environm e r.t and �ctent i a l  im �act s 
c f  new t echnologies , a n d  EPA shou ld be �ade aware e ar l y  
of a n y  prob l em s  that mi ght have import ant impa c t s  o n  
dome s t i c  o r  wi l d  anina l s .  

A sub st anti a l  amoun t o f  res e arc h m an�ower and resources 
wi l l  �rcbab ly need to be d evoted to standa rdi z e d  t o xico log
ica l tests on d omestic animals and � il d li f e  to deve lop 
inf o rmation for regula t c ry dec i s ions . Work o f  thi s sor t 
�eyond that require d o f  i ndust r y )  oug h t  to be perf orme d 

by EFA , pos sibl y through contr a cts w ith quali f ied � riv ate 
ins t itut ion s . Sho rt-te r� re sea rch o f  this sor t  is ess en
tia l ; ho�ever , m any of the infor�at i on nee d s  identi fi ed 
in thi s chapter wi l l  be met onl y t hrough susta ined e f f o rt s  
that � a y  requi r e  f ive t c  t e n  ye a r s  to �reduce a n swe r s .  
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£1J!WE_§ 

W�_Qlg..asiil�lmal-Y'-fg;�t PtAm§ 

A�p le proo f exi s ts tha t  pla n t s  have been i n j ured by 
change s in the characte r of the environDent , espec i all y 
ty air po llution (Ja cob son and H il l  1 9 7 0) .  Vegetat ion 
inj ured ty pol lution may be ki l l ed or v i sibly dan-aged , cr 
the e ffects may be more sub t le ,  suc h a s  reduced growth or 
yiel d ,  decrease d  reproductive s ucce s s , cr lowered resi s 
tance to di seas e ,  drought, or otter str e s s e s .  s cm e  cur rent 
env i ronmental prcblems , such a s  chroni c low- leve l air pol
luti cn by photochemi cal oxi dants or the increa s ed acidi ty 
of r a infall , may have e f fects on vegetation over e xtens ive 
geographi cal areas. su ch e ffect s on plants could l ead to 
change s in the stabi li t y  or productivi ty of agri cultura l , 
fore st ,  or other ecosystems . 

�he predomi nant emphas i s  i n  re search on inj ury to 
vegetation has been on the e f f ects of air pol lutant s 
on agricultura l crops a nd on trees . The e xperi ence of 
th i s  panel ,  and thus the r ecommendat ion s of thi s chapte r ,  
re f l ect that empha s i s .  Other ki r.d s  of vegetation m ay 
al so be affected by pol lution, hcwever , and tho s e  e ffects 
�ay have important e co l ogi c a l  a nd e cono�ic consequence s . '  
Although they are not d ealt with furth er i n  thi s c hapte r ,  
we feel that several additiona l are a s  of re search deserve 
continued or increa s ed int erest and su�#crt . These inc lude 
studies of the effec ts of a i r and soi l pol lut ants on 
lich ens , fungi , gras se s , shrubs , and other native vegeta
tion ; i nves tigation s  of the ef f ect s  of wate r pol lutant s on 
a lga� and othe r aquatic pl ants ; and studie s  of the eff e cts 
of environmental contam inant s on orn am enta l plants . I n  
�art icu l a r ,  re s e arch on ef f ects e n  a lgae de serve s h igh 
priori t y ,  both because of the i�portant ecologi cal rol e 
played by a lgae and bec ause of the dea rth of inf orm ation 
about algal re sponses t c  most toxic �o l lutant s .  

A gre at dea l o f  re s e arch ha s be en conducted on the 
acute e f fects on a var i ety o f  a gr icu lt ural and fore st 
p lants of some air pol lutants ( chie f ly sulfur diox i de , 
ozone , an d fluoride ) . several e st imat es are ava il able 
of ch�oni c damages , pr imar i ly due tc photochemical cxi-

- 7 4  -

Copyright © National Academy of Sciences. All rights reserved.

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

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


dant s (NRC o f  c anada 1 9 7 5) .  Do s e-re spon se data a r e  si m � ly 
not ava i l ab l e ,  however , for the chron i c  ef f ects cf wost 
cont awi nant e ,  e speci al l y  on nat ur a l  p l a n� commun it i e s  a n d  
eco s y ste w s .  T o  deve lop th e  i nf e rw a t i o n  it nee d s  for 
d�ci eions s uch a s  estab l is h i ng or r evi s i r.g seconda r y  a i r  
qua l ity s t a nda rd s ,  EPA w i l l  nee d t o  draw on the e�peri ence 
and re sources o f  many e lemen t s  o f  t h e  � l ant res earch c ow
�un ity . Ma j er cont r ib u t ions to re s earch on e f f ect s  of 
envi ronment al cont aminants on ve get ati on have been made by 
un iv er s i t ie s ,  nonprofit re s ea rc h  in sti t u te s , an d government 
laboratorie s ,  with funding l arge ly frow USDA , EPA , NSF , pri 
vat e indu st ry, and uti l iti e s ;  th i s  d ive r sity i n  re s ear c h  
shou ld continue . To av o id unne c e s s ary dup l icat i on of 
e f fo rt , spon sors of re s e arch should encour age t i rr� l y  
reporting o f  re s earch r e su l t s .  

E e fore relat ion shi p s  be twee n envircnrrental cont ami n ant s 
and vegetat i on damage i n  agr icu l tur a l  and f ore s t ed area s 
can be dete rmi ned , the concentrations and trend s over t ime 
for important po l lut ant s in tho s e  area s � st be me a sure d .  
�he env ironw ent i n  o r  near urba n and i ndustri a l  loc ations 
ha s been extens ive ly monitor ed ,  tut there has been no coor
dina ted e ff o rt t o  provi de a cont inuous record o f  po llut ant 
lev e l s  in a gricultur al and for e s ted port ion s of the coun
t ry .  Im proved rronitor ing i s  nee ded in order to es t imat e 
+.he e f f e ct s  o f  pol lution on p l a n t  c orrmun it i es o r  to e n f orce 
nondegradat i on poli c ie s  or simi l a r  �rot ecti ve measure s  

I 

(Mi l l e r  e t  a l .  1 9 7 2 ) . 

�he most import ant phytotoxi c po l l utant s t o  Konito r are 
czone and s u l f ur di o xid e ,  wh ich r.ow caus e and w i l l  �robably 
cont inue to cau s e  the g rea te st a rroun t s  of i n j u r y  to veg e ta
tion , at le a st with i n  t he United St at e s .  I t  m i ght a l s o  be 
u s e f u l  to roonit or pe ro x yac e t yl n itrate ( FAN) , f luo r ide s • an d 
nitrogen di o xi d e  in spe c if i c  rur al loc ation s ,  a n d  re any ethe r 
chem i c a l po l lut ant s  or t ra c e  sub sta nce s ,  a s  approp r iat e , 
nea r  speci f i c  s ource s. 

�he hyd rog e n  ion co ntent ( pH )  o f  r a inf al l ,  whi ch i s  
determined ty the kinds and amou nts o f  anions a n d  c ati o r. s  
cont ai ne d  i r.  pre cipi tat ion , rr a y  t.ave s i gni f icant ph yto t oxic 
and eco log i c a l  e f fects . I nc re a s ed uon i t cr i ng in rewote 
area s  o f  both a c idit y and t he concentr at ion s of speci f i c  
ionic co�po nent s o f  we t and dry �re cipitati on i s  n e eded 
to s upport studies of t he e f f ect s o f  acid r a in f a ll on 
agr i cu ltu re and fore st r y .  

A c oordinated nati o nwi d e  pr ograw o f  rron itor ing o f  a ir 
qua l ity and of the c ompo si t i on c f  precipitat ion in_ agr i cu l 
tur a l  and fore s t ed are a s  should be underta k en .  A revi ew o f  
won i to r i n g  need s ha s be e n  conduc ted concurrent l y  w i t h  t h i s  
pro j ect b y the S tudy Gr cup on Environmen t a l  Mon i �o r in•J � f  
th e NRC , an d t h e i r  repo rt s hcu l d  be cor. s ul � �d f o r  addi t icna l 
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recommendat ion s  and di s cus s i on of mon itoring r equ irements 
and n etho d s  (NRC 1 97 7 ) . 

LAB O�ATOR Y StUDI ES C �  
P HYTOTOX IC ITY 

Easic do se-re spons e da ta are s t i ll needed on the e f fects 
cf most environmenta l contaminant s on �lant s ,  e s �ecia l l y  
for long- te rm ,  low- leve l e xposures ( la r sen an d  Heck 1 9 7 6) . 
Indoor studies th�t attempt to s imulate outdoor growing 
co�d itions �rov ide mode l s  of ef fect s of pol lutants , whi ch 
can then te tested in the f ield . Plant populat i on s  in the 
fie ld a r e  influenced by many nat ura l variable s , inc ludi ng 
light , temperature , air and soil mo isture. soi l nut rients . 
ins e ct s  and pathogens,  and phys iologic a l  state s (se asonal 
change s and li f e -cycle pha s e s) . The e f f ects o f  exposure to 
cne or more pol lutants are u sua l ly superimposed on e f f e cts 
due to othe r stresse s ,  eo that it i s  d i f ficult to a ssi gn a 
�articular cause to obs erved chr on i c  adver s e  e f f ect s .  the 
chie f  advantage of l abo ratory te sting i s  th at the inter
act i ons among several s uch str e s se s  ( i n c luding mixt ure s of 
pol l utant s )  can be studied by varying one factor at a t ine • . 

Although e l aborate chamb�r s tud ies have been conduc ted 
in a number of institut ions for nany ye ars , s ignif icant 
c�portunities to advanc e the sophi stication of rese arch 
method s sti l l  exist. For examp l e ,  programmable or compu
ter- ccntrol led exposure chambers ca n b e  use d  to vary o n e  
cr more f actors and mor e c losely sinul ate actua l stre s s  
cond ition s (McLaughl in e t  a l .  1 9 76 , Do shi 1 �7 5 ) . The s tudy 
of d ynami c ,  mul tivariat e s y stems is a � r cm� sing directi on 
for future research . 

laboratory research wou l d  best be accompl ished in 
those governnent agenc i e s ,  ncnprcf i t  re search i n st i tute s ,  
and agri cultura l  exper in.ent stat ions th at have the nece s
sary fac i li ties and experie nce t c  conduct compl ex chamber 
studies. Funds shou ld te provi ded by EPA. USDA and the 
Fore st service (USF S) , ERDA , a nd other i nteres ted publ i c  
c r  private sources. 
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FI ELD STUD I ES OF VEGETA�ICN DAMAGE 

Eecau se no laboratory study . no �a tter how soph isti 
cate d .  can dupl icate the actual conditions plant s encounter 
in the outdoor envi ronment . r.ea sure�ents in the fi eld o f  
injury to vegetation are e s s enti al .  The sounde st a sses sment 
of the actual ri sk s  po l lution re �re sents to crops.  for e sts . 
and ether plant communi t ies is one t ased on mutual ly c on
firm ing result s  of indoor and f ield studie s .  

some promi s ing t echniques h ave teen developed fer 
waki�g quantitative me a eure�ents cf the eff ects of air 
�ol lutant s on crop productivity . Field �lots can be 
covered with enc losure s tha t  e xc lude pol lutant s (by fi l 
tration ) but make mi nimal change s  in other env ironmenta l 
conditi ons (Mandl et al . 1 9 73) . Me a sured amount s o f  po l
lutant s  can al so be add ed to sue t.  en cl osures , or to f i e ld 
�lot e with no enclosure s (Lee e t  a l .  1 9 7 5) . E f f ects o f  
expo sing veget ation t o  a given pcl luta r.t concentrat ion 
in the latoratory can t hus be cowpared with e f f ect s of 
the same kncwn concentrati ons under fie ld condi tions. 

Field studies and i ndoor experimental research wust 
te c lo s e ly coordinated tc ensure cowparati l i ty o f  resu l ts .  
Unfortunate ly.  the r es e arch team s and inse itut i ons that 
are test prepared to do large i ndoor studies may not be 
experienced in field r e s earch t e chnique s .  Programs should 
te d e s ign ed that inccrpcrate both e lements . Here . too . 
support should te pr ovi ded from EPA , U SDA . USF S , ERDA . 
and ether i ntere sted put li c or private source s .  

MECHANI SMS OF P H YTOtCX ICITY 

tack of know ledge o f  the metabolic and physiologica l 
wechani sms of toxic ef f e ct s  of pcllutants on pl ant s  hi nders 
the achievement of seve ral i wportant ot j ectives . Perhaps 
the most si gni f i cant o f  thes e i s  the development of pr a c
tica l .  re l i atle bioa ssa y technique s for detecti ng i nju r y  
t o  vegetation i n  the f i eld o n  the bas i s  cf phys iol ogica l 
ind icator s .  Present mea sure s ca nnot re liably d i st ingu i sh 
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metatol ic r e spon ses of � l ant s to po l lu t a r.t s  from re sponses 
to e th e r  st r es s e s ,  such a s  ccld cr d rought . By the time 
more re l i ab l e  indi cator s of tox i cit y  such as vi s ib l e  f o liar 
in j ury or r e duced growth a ppear , da�age Ray be i rr ever s ible . 
A tetter understand i ng o f  the phys iologica l  mec h an i sms c f  
toxic ity cou ld �ake i t  pos s i ble t o  detect inj ury a t  a t ime 
when corrective action might st i ll te poss i ble . 

Re s earc h of thi s ki nd s hould a l so advance understanding 
in s uch probl em are a s  a s  breedin g pollution-re s i sta nt varie
tie s  of p lants , a s se ssi ng the e f fec t s  of intera ctions among 
multiple to xic agent s and other str e ss e s ,  antic i pa t ing the 
impacts of new po l luta n t s ,  e xtra �o l ati ng e sti mates of i n jur y  
from o n e  spec i e s  of plant t o  ot h ers th at metabo l iz e  a c cn
taminant in the same wa y ,  and de termin i ng the uti l i ty o f  the 
thre shold concept for d ama g e  to vegetat i cn .  

1he e lucidation of Kechani s m s  o f  phytotoxi city i s  l ikel y  
t o  be accompli s hed bes t through long-t e ra res ea rch eff o rts 
in univer sitie s , priva t e  re s earch f cund a tions , and the few 
government l aborator ies tha t  st udy fundaKenta l prob lems of 
p l a n t  physio logy . At present , t he dem and f or d o se - response 
data and other informa t i on  of imRed i ate va lue is great . I n  
cont r a s t ,  s upport for mo re b a s i c  inve stigati on s  of mecha
nisms h a s  become incre a singly l iK it e d .  Greater funding in 
th i s  area shou l d  be enc oura ged ; it �ig ht most reasonabl y be 
�rovided through NSF o r  other g r ant ing agenc i e s  that a r e  not 
� i s s  ion- ori e nted .  
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�BaiiiJ_l 

El'l'ts ou.sioLQiiC&L �2H�lll�-a�D E'2§Xs7� 

Humanity de�ends on the continued functioning o f  eco
systems for food , timber, and other renewable resources 
and for recreat ion and aesthetic ameni ti es . Ecologica l 
processes also assimilate wastes , r ecycle nutrients , and 
regenerate clean air and water.  To protect thes e  l arge ly 
irreplaceable values , i t  i s  very important to know the 
effects of  human activi tie s on ecosysten a.  · 

Evaluation of the potentia l eco logical impact o f  a 
given environmental cha nge requires information on effects 
on units of biological organizat ion above the leve l  of the 
population or species .  we need to exa�ine structural fea
ture s of tiologi cal communit ies , such as diversity and 
atundance of species and interactions a�ong population s , 
and functional characteristi cs o f  ecos ystems , such as the 
tran sfer of energy, production of  bioma s s ,  and cycl ing cf 
oxygen ,  water , and mineral elemer.ts . �he stabi l ity and 
resilience of these cha racteri stic s  over time i s  another 
important property of the system . Any factor, such as 
�ol lution , that signif icant ly alters the rates of one or 
more critical processes within a systen can shi ft the 
system to a new equi librium state . 

Spatial heterogeneity, the mobi lit y  cf organisms ,  d cr
�ant structures , and other mecha r.isw. s  give most eco systems 
a ca�acity to recover f rom many kinds cf perturbations , 
even those that have severe immeciate in�acts . some envi
ronmenta l !�pacts , however , might produce long-last ing or 
irreversibl e detrimenta l ecologi cal changes . It i s  the re
fore important to know not only the ki nd s of ef fect s that 
may occur, tut also the abi lity cf the system to recover 
from those impacts it may ab sorb . 

A gre at dea l  of res earch on the structure and funct ions 
of ecosystea s has been conducted in the last decade under 
the auspices of the Internationa l  Biological Proqraw (IBP) , 
the NSF-RANN Environmental Systens Program , and ether roa jor 
pro j ects .  Much les s  ha s been dor.e to study the re s�onses 
of ecosystems to specific pollut ion stresses .  Ava i lable 
approaches for investigati ng such problens inc lude labora-
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tory mode l syst ems , or aicrocosms ; fie ld studie s o f  experi
mentall y  perturbed communit i es  of l iaited dimen sion s ;  mathe
mati cal (computer) s imu lation models o f  ecosystew.s ; and 
field studi es to measur e e f f ect s on the sca le of a regi cnal 
ecosystea . The predict ive accuracy of each approach a lone 
is distinctly l imited ; taken together, they can produce 
re search re sult s that m ay approx imate aeasurements of e cc
sy stetr ef fects . 

LABORATOR Y M I CRCCCSM S 

A nurrter of tioa ssa y  techni que s  have recently teen 
deve loped that employ s impl i fied mi croccsms of biologic a l  
commun i ti e s .  srrall �opu lation s  c f  s i x  or seven "typica l "  
organisms repres enting different ecologica l  roles are kept 
in a sma l l  aquarium or terrariuw ; a sarr � le of a chemica l 
to be teste d  i s  introdu ced , and its tehavior and e f fect s  
are ct served (Metca l f  1 97 5 ) . 

Microcosm s tudies are appea l ing because of the speed 
with which they can be used to test aar.y chemica l s .  The 
systew s are re l a tive ly s imp le and can be mas s -produced . 
It i s· likel y that such aodel s wi ll te increasingly used 
in evaluati ons of the potentia l envi ronmental impacts o f  
new chemi cal s and other po l lutants . I t  i s  very important , 
there fore , to recogniz e th e  inhe rent li witation s  o f  the 
technique f or s imulati ng the proces ses c f  actua l ecosys
teros . 

some mi crocosm s tu d ies have teen u s e fu l  for predict
ing the behavior of chenica l s  i n  the e nvironment . Res u lts 
showing the extent to which sub s tances w- ay be bioaccumu la
ted cr degraded , and th e nature c f  the treakdown prcducts,  
have teen relatively accurate , as c cnf irwed by studies of 
the same chemicals in t he outdoor envi ronment . Microco sm 
studies ,  therefore , can te very useful screening device s 
for identif ying substances who s e  behavior may i ndi cate 
�otent ia l r i sks of bio lcgica l e f fects ( N� 1 97 5 ) . 

�he laboratory micrccosm i s  �ot , h owever , an adequate 
ncd e l  for predi cting e i ther the qua l ity cr the magn itude 
of effect s on ecosyste m s .  Bec a u se of thei r structural sim
pli city, mi crocosms lack homeost ati c mechani sms �re sent in 
rea l , cowplex system s .  They are thus sutj ect to random 
change s ,  and to instabi lit i e s  and perturtations that mi ght 
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not cccur in nature bec ause of bui lt-i n resilience .  
furthermore , i t  i s  general ly not pos si t le t o  pro ject the 
probable ecological con aequence s of ef fects that may be 
observed in mi crocosms , because the �echanisms of e ffects 
en real eco systens a re s imp ly not wel l  enough under stood 
yet. In short , whil e  microcosm studies nay be use f ul to 
screen sutstances for furthe r  study , reliable predi ctions 
of effects on ecosystems require more e laborate te sts. 

EXPERINE� PERTURBA�I CNS OF 
COMMUNI � IE S  

Experimenta l perturtati ons o f  ecosystems are a very 
usef ul tool for produc ing import ant infcrmation about eco
lcgical effects of env� ronmenta l changes .  In such studies 
a numter of nearly idgntical pl ots , ponds ,  or strea�s within 
a given system are used in stati stical ly designed controlled 
experiments to examine the effect s  cf speci fic pertur
tati cns on the structural integr ity and stabi li ty o f  bi olog
ical communities . The parameter s measured include species 
diver sity ,  predator- prey interactions ,  �roductivity , energy 
transfer , and other sel ected characteri stics of the system .  
�o ccntrol changes due to the cyclic nature o f  many bio log
ica l  proces ses , measurements should be nade under diffe rent 
appropriate seasonal ·an d envi�onaental conditions.  

Experimenta l aanipu lations of  conmunities and ecosy stems 
have teen used success fully in recent ecclogica l re search ; 
examples include the Huttar d Brock experimental watershed 
and the Brockhaven irradiated f o rest  ( Eo rmann e t  a l .  1 9 74 ,  
Cayton 197 1 ,  Hall et al . 1 9 7 0, Paine 1 96 6 ,  Simberloff a nd 
Wil son 1 969 ) . such studie s  invo lved s e lective r emoval cf 
key species , i ntroducticns of ne� spec ies,  eradi cat ion of 
whol e  trophic levels , and intent ional changes in inputs of 
nutrients , toxic substa nce s ,  ra diation , or heat . Techniques 
both for making experimenta l perturtat ior.s and for aea suring 
tiologica l responses are relati vely we ll -developed . 

�he chi e f  advantag e of f ield studi es of this kind i s  
that they measure effects  under actual environment a l  condi
tione ; there is no other reliab l e  w ay to obtain nuch of  the 
needed information.  However , such studies are e latorate and 
cost ly , and can look at only re latively sma ll spat i al ur.its  
cf  ecosystems, which ma y not be  representative o f  the tctal 
system in thei r response  to stre sse s .  
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some studi e s  o f  th i s  s ort s hcu l d  be undertaken as con
tro l led experiments ; that i s ,  a �ol lut ant or other env i ron
ment a l  stre s s  s hou ld be in troduc ed a s  � a rt of the study 
de s i gn .  In addi tion , r e search s tou l d  cont i nue tc take 
advantage o f  subsequent ef f ect s c f  acc idents ( l a rge oi l or 
chemical spil l s , for e x ampl e )  an d o f  e x i st i ng po llution
stre ssed sy stem s ( such a s  the fores t s  a r cund a l ead sme lter 
or an aluminum ref inery ) ,  wher e ccm � ar i scn stud ies can te 
conducted a fter the fact . 

Eecau se of seasona l  and annu a l  var i abi l i ty , th e res i l
ience o f  natur a l  system s ,  and t h e  t i� sca l e s  o f  many e co
logi c a l  proces s es , s everal y ears of ob s e rvation s may be 
required te f ore re l i able evidence o f  e co log i c a l  ef f ect s 
can te obtained . The s ubst anti a l  cost s  cf long- tern f i eld 
eco l og i ca l re search mak e it impo rta nt to develop a rel a 
tive ly smal l number of sit e s  that c a n  t e  sust a i ned unti l  
u s e fu l  re su lt s are der i ved . 

SIMUIATI CN MCDE1 S Cl 
ECOSYS'IDSS 

M athenatica l s imula tion tec h r. ique s , usua l ly com�uter
b a se d ,  can te very useful in mo d e l ing the behav i or of a t 
l ea s t  por ti ons of ecos y ste m s . L ike labo rator y mic roco s � s ,  
suc h  si mulation techniq u es canno t , ty t h emselve s ,  predi ct 
eco l og ic a l e ff ects w ith much ce r tai nty . The y c a n ,  howe ver , 
contri but e to support f or e nvi ronment a l  rranagement dec i si on s  
when u s e d  i n  conc ert w i t h  the other ap� roache s described 
here . 

computer s i nu lation e ha ve t h e  con s i d erable a dvantag e s  
o f  s�eed an d fle xibi li t y ; t he s i gni f ic a n ce o f  ne� a s sum�
tion s or data c an be te ste d almo st in-m e d iat el y .  Th e ch ief 
d i sa dva ntag e s  o f  theore% ica l mode l s , hc�eve r, a r e  t he i n
abi l it y  o f  mode ls to i n clud e a l l  relev ant var i a b le s ,  a n d  of 
nod e l e r s  to de s c ribe intrica te b io l og i c a l  r e l ation ships in 
pre c i se mathemati cal t e r�s . S imu lation techniques are rrost 
use fu l  f e r  p redict i ng the spatia l a nd terrpora l d i stribution , 
novemen t ,  tran s formati o n ,  and a ccumu lat i cn  of substance s i n  
the env i ronment . T o  t h e  e xtent tha t the se phenorrena depend 
en wel l -und erstood phy s ica l  and t io log i c a l  proc ess e s ,  p re� 
erly de s igne d mode l i ng stud i e s  c a n  p red ict wi th some c on
f i dence t he expo sure s tc va riou s contarrinant s  that orga n
i sm s  o r  s�atia l unit s in a n  ec o s y stem �i ll encounter. The 
biologi c a l  mechanisms of e f f ect s on po �u lat i on s  or eco s ys-

- 8 4 -

Copyright © National Academy of Sciences. All rights reserved.

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

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


tem s , however , invo lve uany vari ables an� are much les s wel l 
understoo� : consequent l y ,  prediction s of the re s�on aes cf 
whole ecosystems to environment a l  stre s s es are beyond tbe 
capati lity cf most exi s t ing uode l s  (le � i n  1 9 7 4 ) . 

A model must account for the di str ibuti on o f  r e spon ses 
in tcth s�ace and ti�e in order to �re d i et  ef fects en w hcle 
eco sy steu s. Present mode l s  can simula te with some accuracy 
structural and . funct ional chang e s  in s ome subunits of eco
syst e•s through time . 'the greatest Me� now i s  to deve lop 
models that can also inccrporate the s� atial variab i li t y  
(heterogene ityt o f  eco s y stems. 

Refinement of ecological models is a ma jor otj ective 
of current research, an d advanc e s  in ecceystem mod e ling 
wou ld be very valuable for envir cnmenta l deci sion making . 
If simulati ons of the s �at i a l  an� t e•poral distribution 
cf tcxic ag ents in an ecosystem cou ld. te integrated wi th 
•odels identif ying the location s and tiue sca le s  of cri ti
cal structural or funct iona l pro�ertie s of · the s ystem, the 
result woul d be a •map" that cou ld point to particular l y  
vulnerat l e ,  a s  well a s  e specia ll y  re si lient , el �•ents o f  
the system. such predi ctions would nee� to be veri fied by 
f i e l d  measurements , but mode ls cculd a s sist that e f fort 
immense l y  by in�icating what , wh ere , a n d  when to me asure . 

MONITORI NG EFlEC7S ON 
ECCSYS7 !MS 

IIIYl�J_g'-11Rttim!D�Il�XtYXta�i2D! 
Ill� pregi�i2D!��2lLUDlJ�D 
m2Qtl1-1b2Y�-tt-XJ�il2_tx_agni��iDg 
�290111 t�_:tbl tC21¥1tD-ln!l&-YUD9 
�'iti�tl-in�Jtor_g,gfDiJKJ&_,,g�esatl£ 
� IYI�'I-;ba,J�ilti�· 

!he only reliable w ay of kno�ing whe ther deleterious 
change s are occurring in pol lute d ecos y stems is to wea s ure 
the statu s cf system s i n  the f i e ld .  c a reful l y  cho s en i ndi
cators of criti cal stru ctura l or funct iona l el ement s o f  eco
systems ( such a s  speci e s  d i vers i ty ,  nutri9nt c y c l i ng ,  e r. e r g y  
flows, o r  prima ry productivity) should te mon i t ored . I r.  
addi tion , some parameters s hou l d  te uea sured on a s cal e 
larger than the loca l ecosy stem . Fer ins�ance , regio nal 
impacts on agri cultura l �ro ductivi t y ,  changes in wa ter yi el d 
or water qua lity , or c hange s in the het e rogene ity o f  wi ld
lif e hatitat cannot us u a ll y  te d ete c�e d in sma l l  e x�er i aen
ta l �lots , tut rathe r might be a r.ti cipated through the com
tine d knowledge _gained f rom experiment a l  pertur bat ion a nd 
theoretical modeling , a nd then detecte� ty fi e l d  otserv a
tion. 
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A gre at de a l  c f  �a s t  e f f ort has teen expended in 
gathering d ata (suc h a s  mea surem ent s of �esticide resi-
due s in soi l s ,  p lant s, ani ma ls ,  and hunans) with no re a l  
sense o f  the po s sible e cologica l s igni f icance o f  the i n for
�ati cn t e ing gathered. The v s� f ulne ss cf col lected dat a 
wi l l  depend on the soun dnes s  o f  the theoretical ba s i s  f or 
choosing particular ind i ca tors . I f  the status o f  s elected 
organisms i s  to be used to a ss e s s e f f ect s on ecosys tems , 
the c rgan isn s chosen $hculd be valid repre s entative s o f  
cri t i cal functional gui lds ,  such as prinary producers , de
compo se rs , herbivore s , �redator s , and the like . I f , on the 
other han d ,  the obj e ct ive i s  to use w i l d li fe as sentine l s  
fer �otent i a l  environme r.ta l  ha za rd s  t o  nan ,  a soun d  theoret
ical basi s must exist f or drawi�g analog ies between spe cific 
responses i r.  those o rga nisi sms a nd r isks to humans . In each 
case , it i s  critical to know the t in e  delays between 
expo sure 

'
to an environmenta l ag e r.t a nd the appea rance o f  a 

detectable effect. 

An examp le of an i m�ortant t heoretical con sideration in 
sel ecting parameters to ne asure to a ss es s  ecosysten damage 
is the potentia l signi f ica nce of im�ac t a  on o rg ani sms that 
rank l ow in numerica l atundance in tiologi cal communiti es .  
Mon i tor ing has gene ral l y  focused on the nost comroon ,  e a sily 
sampled repres entat i ve s  of a given funct ional guild . The 
re si li ence of an eco sy s tem depe nd s  to a large e xtent , how
eve r , on the ability o f  les s  numerou s s�ecies to i ncre a se 
their popu l ati ons to f i l l  a n  eco log ica l role i f  the popu
lati on of the primary s peci es occupying that role s hould 
decl ine . Thus , if an e nvi ronme ntal contami nant were s e lec
tive ly toxi c  to the most abundant s p ec ie s ,  the impact or. the 
system night be les s  ·s evere tha n if it i ncreased morta l ity 
randomly in al l specie s within the funct iona l group . I t  i s  
important , therefore , to ob tain inf o rma tion on the eff ects 
of an environmental change on soae o f  the many numerica lly 
unconmon sp�cie s ,  a s  we l l  a s  on the mo re �bundan t  ones , and 
to a s s e s s  the i mpact on the bio l ogi cal ccmmunity of mortal
ity in re lative ly ra re species . 

Mea surement o f  e ff e cts on the f unct icns o f  ecosysten s  
at t h e  regi cna l sca l e  s houl d  b e  based en moni torin9 o f  
important proce s s es , a s  wel l  as cbs ervat ions o f  ef fects 
on r epres entative orga ni sms . sone cri tical proces s es to 
�oni tor includ e  the hydrologic cycl e ,  the trans f er of 
energy and production o f  bi ona s s , the natural ( bio l ogi cal) 
regulation of " pest" po �ulations ,  an� the cycl ing of nutri
ent s and ether e leme nt s . Re sea rch on cne of these (nu trien �  
cyc l e s) i s  di scussed in det a il b e low a s  an exam p le ; but po
tential e ff ect s  on any o f  these funct i o n s  ( and others n et 
mentioned ) deserve r es earch att e r.tion . 
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Effect s  on Nutr ient cycles 

One o f  the critica l func tion a l  cha racteri sti cs o f  eco
system s  is the cycli c  movem ent o f  nutr ients , po l lutant s , 
and ethe r e lements among the a tmcsphere , soi l ,  wat e r ,  and 
living things. In both terrestrial an� aqua� i c  ecosyste�s , 
�roc esses carried out l a rge l y  b y  mi c roorgani sm s synthe s ize, 
tran sform , and decompos e the mi c rochemical spec i es of many 
stage s  of biogeochemic a l  cyc le s . I t  i s  po s sibl e th at pol
lutants or eth e r  stres s es coul d ,  through e f fect s on the 
envi ronment it self or on the o rgani sw s involved , a lter 
either the products or the rate s of sowe of the myr iad 
chemica l and biologi ca l �oc e s s e s that wake up cyc l es .  
Even Rmal l changes i n  t h e  r ates c f  a f ew crit ica l �ro
ce s s e s  could produce , over time , substantial shi ft s  in 
the �ool s or rates of f low · o f  i m �ort ant nutri en t s  or o f  
und e s i rab le by- product s o r  pollutant s .  for exampl e , a 
change in the r ate of denitrif i c at i on in soil s o r  aqua t ic 
systems cou ld have adve rse or be r.ef ici a l  i mpac t s  on pro 
ductivit y ,  and on the g ener ation of nitrous oxide , a c r it
ical factor in the dep l e tion of strato spheric o z one (Co unci l 
for �gricultura l s ci ence and Tec tno logy 1 97 6 ) . 

our pre sent underst anding o f  �oT.en t i a l  e f fects cf 
env i ronment a l  c o ntamina nts on b i cge cch ew ica l cycles is 
too crude to a s s e s s  the resulting r isk s cf s igni f i c ant 
long- ter� i w pa ct s  on ·ec o sy stems cr cli�ate . Mo s t  i nves 
t igation s o f  ecolog i ca l  e f f e ct s  c f  �ol luti on have not 
exaa ined im�ac t s  on ti o g eochemical cyc le s  or under l ying 
microti al proc e s ses. one except ion is tte exten sive body 
cf re sea rch on effects cf ferti l izers and pesti cides on 
soi l organi sms ; tut even in th i s  we l l- studied f i el d , 
systemati c understandi n g  of imp acts en ccmplex e lement a l  
cycl e s  h a s  �roved to b e  elusive . 

en th e othe r hand , recent l arge - sc a l e  e col og ic a l  
res e a rc h  e f forts such a s  the I E P  h av e  �reduced a s utsta n
tia l  a �cunt of tasic k n cwledge a tout the ways i m po r tant 
nut rient cycles function in a v a riety o f  terrestri a l  and 
aquatic s y s tems . Some general p rinc i p le s have eroe r ged , 
based on re�eated empi r i cal ot s e rvat ion s rather �han on 
sophist i c at ed theore ti c a l  construct s .  fer i n s t a nce , it 
ha s teen noted that , in genera l , u nd i s t u rbed eco sy s tems 
tend to retain nutrien t s , whi le �erturted syst em s t end to 
lose nutr ients (Borm ann et a l .  1 97 4 ,  N e u ho l d  and Ruggi e ro 
1 97 7 ) . Although it is not y et c le a r  why thi s i s  s o , t h i s  
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know l edge m a y  m ake it p o ss i b le t c  u se r at e s  o f  nut r ient 
f l ow f ro� a sy s t ero a s  r c ugh ind i cator s  o f  stre s s  or in j ury 
to the s y st em. 

It wou l d  be very va lua b l �, t h e r e fo re , to m ak e  the s tudy 
of e f fe ct s on nutr i ent cyc l e s  a �a j c r f ccu s of f ie l d  i nves
tiga tion s of the eco log i ca l  con s equenc � s  of po l lut i on .  such 
e f f ect s sho u ld be exami ned both f o r  th e i r  uti l i ty as a weas 
ure o f  gene ral stres s  o n  ecosys t ems and to dete r�i n e  the 
n ech an i s n s  invo lved and the eco l og i c a l  s ig ni f i c anc e o f  any 
shi f t s  that might occur in cyc l e s .  

1he t iogeoc hemical c yc l e s  o f  n i t rogen, carbon, and 
sul f ur are among the mo st cr it ic a l  and test un de r s t ood 
nutri ent �a thways , and wou l d  be the sour.de st in i t i a l  
cho i ce s  for study . cyc les o f  ot t e r  e l ewent s known to b e  
either e s senti a l  for l i f e o r  pa rticu l a r ly tox i c  should 
a l s o  be con s ide red whe r e  fea sibl e .  con�arably de s i gned 
stu d i e s  should exami ne nutr i ent cyc l es in a var i et y  of 
�ol luted terre s tria l and aquat i c  s y ste n s . some environ
�nt a l  pe rturbat ions th at m i ght te i nve stigated inc lud e  
aci d  ra in fa l l ,  h eavy f e rti l i ze r  u s e , pe sticide a�pl i ca 
t i on s ,  f l y  ash fal lout , fluori de an d h e avy meta l po llu
t io n , a n d · s ludg e di spo s a l. some un stre s sed e c o s y s t ems 
shou ld a l so be exami ne d , as cont rol s . f ie l d  studi e s  
shou ld t e  suppo rted whe re f e a s i b l e  w ith 

·
laborat o ry and 

sam�l e-� lot stud i e s .  

E f f ective s tudy of a proble ro of th i s  magni tude wil l 
reqqire coordi nated ef f ort s invo lving w icrobi ologi s ts ,  
eco l og i st s ,  soi l sci en t i st s , l imno l cgi s t s ,  and m any oth er 
spec i a l i s t s . Studi e s· m ay r equ i r e f ive or t en year s to 
obt a i n  de finitive re su l t s . A un if y i ng overvi e w  an d clo s e  
coordinat ion among many pro j ect s w i l l  t e  e s se n t i a l  i f  
such a �rog ram i s  to f u l f i l l i t s  �roni se . 

INS1I T �1IONAL A FRANGE �E�TS 

�he k in d s o f  re s ear ch needed to �r e d ict and nea sure 
e f f ects o n  tiologica l c ommunit i e s a nd e cosystems a re cur
rent l y  be in g  c a r ried out by many inves t i gators in d ive r se 
spe c i a lt i e s , loc ated i n  un i v er s i t i e s ,  � r iva te r e search 
institute s ,  n at ional l a torator i e s ,  and f ederal a gencie s .  
sub stan t i a l support for eco lcg i c a l  r� s e a rc h  h a s  come 
thr ough NSF �ANN) , IBP , and oth er sou r ces . FedP.r a l  a g en
ci e s , inc luding EPA, ERtA, tOI , �OAA , U S tA ,  and the Arm y 
Cor p s  o f  Eng ine e r s  have supporte d i nve st igation s o f  eco log
i ca l  prot len s o f  spe ci f ic inte re st to them .  No si ngle 
agency , h owever , has t a k en the e f fe ctive l ead o r  coord i r.a
ting role ttat is e s se n t ia l  if e co l og i c a l  re s e a rch is to 
be u s e ful i n  ma k i ng dec isi ons o n  manag ing t he env i r onme nt . 
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Much of the re search recommended here, such as improve
Kent s in theoretical ecology , i s  prcbably best carr ied out 
in ur.iverei ties and r�tiona l  labcratories ,  with sup�ort froK 
tradit ional sources of funds for ba sic research in tio lcgy 
and ecology. Because o f  the . import ance ef ba s i c  ecosys tem 
research for environmental protecti on , the adequacy of 
current funding leve ls for thi s field should be ca reful ly 
revi ewed . 

�he res ults of most of the k ind s o f  studie s  de scri bed 
above would be va luatle and use f ul te !FA , ERDA , UStA, and 
a dozen or more other feder a l  agenc i es that have re spon si
bilitie s fo r ma naging l and and water re source s , and fo r pre 
venting pol luti on and e nhancing environRental quality. some 
of the recommended res e a %C h  i� short-terR and deci s ion-cri
ente d .  and woul d be appropr i ate ly conducted by EPA or other 
agencie s ,  intraRUra l ly or extra mura lly . Thi s category 
includes screen ing chemical s with l atoratory microcosms , 
and u s ing the most rece nt data a nd be st available mode l ing 
technique s to evaluate potentia l ecological impact s of par
ticu lar actions . Othe r work , such as studie s of experi Ren
tal �erturbations of ecosystems cr �on itcring of nutri e r.t 
cycles , w i l l produce information ef great value to a wi der 
grou� of feaera l  and st ate agen�ies �  bu� only a fter a num
ter of ye ar s .  commi tme r.t . to sup�ort severa l such studi es 
to completion would be dif f icult for any singl e age ncy , 
t ecause the cos ts would be a con sidera b le f raction of a ny 
agency • s  re s earch budget , and most ope r at-- on a one-ye a r  
funding s ys tem. Thi s r esearch wcul d pretably b e st  t e  dcne 
and supported with the �arti ci pat ion of severa l ag enci e s ,  
inc l uding EPA. Clo s e  coord inat icn o f  such a prograw. would 
t e  requ�red , and might te achie ved through a me chanism such 
a s  t he new White Hou se Cff i ce o f  science and Techno log y  
Pol icy or the O f fice of Ma nage�e r.t and Budget . I n  orde r 
to make studies of e co l ogi cal daw ag e  beth coherent and 
relevant , such an overv iew and c cordinating me chani sm i s  
� ss enti a l .  
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�lilliE-� 

lffi�-2H-�Iliilal� 

Pract ic a l ly a l l  ina r. imate ma terial s are sub j ect to 
some deteri orat ion c aus ed by both n o rm a l  component s of the 
envi ronment and contami nant s of human o rigi n .  Dete rio r a
tion of m ateri a l s  due to pol lut i cn i s  e xtensive and co s tly ; 
so , however , i s  the dam age cau s e d  by nonpol lutants such a s  
sun l ight , co ld ,  or �ild ew. It i e  e xtre�ely di f f icult to 
a s si gn e xact dol l ar  co s t s  t o  det eri orat icn o f  mate r ials 
(see Waddel l 1 9 7 4 ) , but so me  es ti�a t e s  of pol lution-linked 

damage s  range as high as $3 . 8 b i l lion p er year (Counci l on 
Envi ronment al Qualit y 1 9 7 5 ) .  The v a lue �ay be ine s timatle 
when the �ateri als damaged are i rrep la c e ab l e  monuments , 
work s cf art , r a re book s a nd ma nuscr ipt s ,  and h i storic 
docuaents .  Many materi a ls a ff ec ted by deteriorati on ar e 
al so critical to nat ion al defen s e  and to important �anu
factu ring , transportati on, and c ommunication capabi lit i es .  

�he mos t s i gni f i cant po l lut a nt s  in t erms o f  deter i o ra
tion of w. ateri a l s  a re t �e acidic s u l fu r  and n itrogen oxides , 
photochem ica l  oxidants and ozone , h ydrogen su l f i de , some 
particul ate substances , and a f ew other aci ds ,  bas e s ,  ar.d 
salt s .  T he se may act i n di vidua l ly ,  in combina t i on s , o r  in 
concert with moi stur e ,  temp e rature chan g es , and ether n atu
ral envi ronn.enta l  va ria b le s . 

INS�ITt�IONAL AFRANGEME�TS 

Subst antia l res earc h o n  the dete ri oration o f  mater i als 
and en th e prevention o f  det er i o r at ion has be en con duct ed 
by the fede ral governme nt and by industry, e speci a l ly s ince 
1 94 0 .  Gove rnment a ctivity in this are a �as st imul ated 
largely by Wor ld War I I , and l a ter ty the space program . 
With i n  the fed e r a l  government, m ateria l s  r e search has been 
di sper sed arrong the variou s  age n c ie s  whose mi s sion s  are 
adversel y influenced by deterior ati on o f  mater i a l s , such 
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as the Departme nts of D e fe nse , Agri culture , Transportat ion , 
Hous ing and Urban Deve l opment , t te Nat iona l Ae ronautic s and 
Space Adninistration , the Nation al Eureau of Standards , the 
Nat iona l Archives , the Library o f  Ccng re e s ,  and the Nat ional 
sci ence Foundat ion .  Fo r more than 2 0  years , the National 
Academy e f  Scie nces mai ntained a Preve r.tion of Dete rior ation 
center that i4cluded advisory an d service group s (G reathous e 
and We ssel 1 95 4 ) , but it dropped the e f fort in 1 96 5 bec ause 
of insufficient financi a l  support . •  

the d ivision of res pon s iti l i ty and consequent f ragmen
tation of m ater i a l s  re s e arch ha s inevitatly led to over
lap in efforts and to  i neff icient u se of avai l a ble know l
edge . In our judgment , the w.os t  urgent need s in the area 
of e f fect s en materi al s are for iroproved coordi nat i on o f  
re se arch , and for more effective d i s semination o f  exist ing 
knowledge . These need s  should take pricri ty ove r research 
en speci f ic deterior at i on problen s d iscuss ed be low . 

Lead re sponsibi l ity for re�e arc h on the e f f ect s  of pol
lutant s  on m ateri als s houl d te a ssi gned to a s i ngl e fed eral 
agency , protably the National Bureau of Standard s .  The rol e 
of the lead agency need not inc l ude conduct of the entire 
re se arch and development e f f ort ,  but i t  shoul d  include coor
dination of programs of various agenci e s  and ope rat ion of a 
syst em for gathering an d di stributing in formation on materi 
als damage and its prevention. Mon itoring the envi ronment 
to locate and i denti fy deterioration hazards would be a very 
important e lement of such a coordinated �rogram , and mi ght 
best te performed by EPA. 

OOR �OSI ON OF METALS 

Many wetal s ,  espec i a lly stee ls , and also some l ight 
metals such as alumi num , are su s ceptib le to corros ion by 
acidic agent s.  Extensi ve re search ha s been carried out 
for many years by gover nmen t ,  i n dustry , and r e s earc h i n sti 
tut e s  on the cause s ,  mechanisms , and co sts of meta l cor 
ros i on ( see for exampl e Fink et a l .  1 9 7 1 , Gillette 1 9 7 3 ) . 
Despite thi s research, corrosion cont i r.u�s to exact its tol l 
tecau se o f  the conti nued u s e  of euscept itle materi a ls ,  the 
lack of suit abl e protec tive mea sure s ,  and a f a i lur e  t o  appl y 
ava i latle knowledge to prevent c cr r osi o n . The prec is� dol
lar cos� of  corros ion c aus ed by env iror.rr Ent a l  p o l l u�ant s i s  
unkn cwn ; tut the total cost o f  c cr r o si on i s  enor�o u s ,  ar.d 
preventi on of even part of the corrosicn due t o  po l luta nts 
would te a great step f c rwa rd .  The re i s  there f ore a sound 
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economi c in cent ive for addi t iona l f ede r a l  govern�ent 
research on corrosion, to supp lenent tha t being done 
b y  industry . The needed r e s earch includes : 

• studi e s  of phy sica l and che�i ca l mechanisms o f  
dif ferent forms o f  cor rcsion ; 

• development of improved prot ect ive systems , such 
a s  c oatings and cathodi c protect ion ; a nd 

• wider dis s emin ation and use o f  �resent knowledge 
about preventive or co r recti ve s y ste�s w ithin government , 
indu stry , and other domest i c  u s e rs o f  susceptible metal s .  

DETERIORAT ION O f  OR GAN IC MA1ERIALS 

Almost a ll organic �ateria l s  are sut ject to some de teri
crat ion by envi ronmenta l po l lutar.t s . A�ong the im�orta nt 
�ateria l s  a ffected a re cotton, wcol , paper , l eather , pl as
tici zer s , polymers such as natural and synthetic rutber s ,  
� la stics and synthetic fibers ,  a r.d �rotective and decora
tive coatings such a s  paint s ,  ename l s ,  varnishe s and lac
que r s .  Deterioration may take the f orm of bl eaching,  
sti f f ening , crack ing , less o f  s t rength , �eel ing , or any 
ether char.g e  that lead s to d i s i n tegrat icn and loss of 
abi l ity tc carr y  out the functi ons for which t he materi -
als were made or cho sen . 

Photochemi cal smog is  parti cul a r ly inportant in detexi
craticn ef crga n ic mate ria l s . O zone , c rganic peroxide 
nitrogen co�pounds , and oxides of ni trogen are the photo
chemica l �ollut ants that do the �ost dan age (We s se l  1 9 7 2 ) . 
A consi dera ble amount o f  research has t e en per formed on 
deterioration cf organi c materi a ls ,  but the problem is sti l l  
far from under stood or amel iorated. M any of the materi als 
susceptib le to such damage a re ob jects or arti c l es who s e  
use f ul live s  are nor ma l ly expected tc t e  short . Neverthe
les s ,  pro lo�ging the l i fe of sorr-e of these mate rial s by 
50 to 1 0 0 percent woul d save many mill ions of dollars per 
year . 

�any of the materi a ls a f fect ed are u sed by private 
industry to �ake short� lived products for sale to the g ener
al publi c  (Mue ller and Sti ckney 1 9 7 0 ,  Gi llette 1 97 4 ) . some 
of the same materials are a l so u sed , however, i n  such i te�s 
as textile s ,  p l a stic s, �aper produc t s ,  and coating s , t h at 
are required in large quantitie s by the ni litar y .  The �rob-
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lem of deterior ation of organic rrateri a ls used in natior.al 
defense should .te critical ly reviewed , in our j udgment , so 
that fede ra l  re search funds may te ass igned appropr iate ly 
to basic re search in thi s  c ritical are a . 

EFFECT S ON IRREPLACEAE�E CBJECTS 

teterioration of the organi c �a ter i a l s  used in rrost 
work s of art ,  books , manuscript s , and b i stori c dccunent s 
i s  a prot len of very la rge dime n sion s .  In one not atle 
exam�le , about ten percent of the two Killion vo lume col
lect ion o f  the New York Pub lic Liqra ry Reference oe�art
�ent has teen damaged by pol lut i on (We ssel 1 97 2 ) . 

Pare �aintings , tap estries , ether ct jects o f  art , ar.d 
tocke  and roanuscri pts i n  a l l  �a r t s  o f  the world rrust be 
carefully protected to � re se rve therr fer future qenerat icns 
(Plenderleith and Werner 1 97 1 ) . Re search en con servati cn 
and �reservati on metho d s  has be er. conducted for rrany ye ars ; 
in the Unit ed States t h e  federa l ef fort has centered ma ir.ly 
in the Litrary . of congre ss , the �at icna l Archive s ,  and the 
Smithsonian Institution . This l audatl e  work is expens ive , 
and fund s have been too limi ted to sup�ort an adequate 
research program. Thi s re s earch shoul d te expande d ,  and 
additiona l funds should be made ava i la b le to the respon si
ble federal agencies for conservation and preserva t ion �ro
gram s ta sed on protective mea sur e s  tha t are deve loped.  

Statues , monuments , and tu il dings ccnposed of  stone or 

ether inorganic nate ria ls a l so may te suscepti ble to deteri
oration ty envi ronmenta l pol luta r.ts  (R iederer 1 97 1 ) . P re
longed ex�o sur e  to a ci dic po llut ant s  can  erode , cruntle , 
or weaken tte structure of many stone cb jects .  � h e  mos t  
effect ive way t o  al l evi ate further deterioration o f  thi s 
type would te to reduce leve ls of  envi ronmental po l lutants . 
Until  thi s  is  done , res earch i s  r.eeded cr. method s o f  prc
tect ion and res toration that ca n prevent the los s of such 
irre�laceab le historic otj ects . 
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NO'IE 

1 � h e  Departroents cf the Army , Navy , and Ai r  force su�
�orted the program from 1 94 5  through 1 96 5 .  �he program 
concentrated on the inve stigati cn of chemi c a l  mechanisms 
for prevention of deterior at ion . Addit iona l information 
is avai lable i n  the Archive s of the Nationa l Academy of 
Science s. 
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counci l on E nv i ronmenta l Qua lity ( 1 975 ) Environmental 
cuality-- 1 9 7 5. The Sixth Annu�l Re port of the counc il o f  
Env ironmenta l  Quali ty. Wa shi r.gton , c . c . : u . s .  Gover nment 
Frint ing Of f ice. 

Fink , F. W . , F . H .  But tne r ,  a nd w . � .  E oyd ( 1 9 7 1 )  Techni c a l
Economi c Evaluation of Air Pol lution corros i on co st s on 
Metal s in the United states . Final Report to the 
Envi ron�ent a l  Prote ction Age r.cy , CFA-7 0 -86 . co lumbu s ,  
Ohio : Battelle Memoria l Inst itute ; PE- 1 9 8  4 5 3. 
Springf iel d , Va. : National � echnical Informati or. 
Serv i ce .  

Gi ll ette , D. G. ( 1 97 4 )  Sulfur Dioxide St andards and Material 
tamage . Faper 7 4 - 1 7 0 , presented at the 6 7 th Annual 
Meet ing of the Air Pol lution Contro l Assoc i a t i o n .  June 
9- 1 3 ,  1 9 74 , Denver. co lorado . Denve r , Colo. : Air 
Fol luti on contro l  A s soc iati on . 

Greathouse , G . A .  and c . J . We s se l  ( 1 9 54 )  ceteriorat i on o f  
Materia l s , cause s  and Preventive Technique s .  New Yo rk : 
�einhold .  

Muel ler , � . J .  and P . B. Stickney ( 1 9 7 0) A survey and Eco nomic 
Asses sment of the E f fects o f  Ai r Pol lution on ! last c
ners. Fina l Repo rt to the National Air Pol lut i on cor.trol 
Adm in istration, u . s .  Department of Health Education and 
�el f are , contract Number CPA 2 2- 6 9- 1 46. col unbus,  Ohio:  
Eatte lle Me�oria l  I n sti tute . 

Plenderleith , H . J .  and A . E . A .  werner ( 1 9 7 1 )  The con servation 
of Antiquities and �orks of Art . second Ed ition . Lo ndon : 
Oxfcrd University P res s .  

Riederer , J .  ( 1 9 7 1 )  Di e ze r s torur.g vor Junstwerken dur c h  
luftverunreinigende stoffe [ �he de struction cf �ork s 
of art ty air pollut ion ] . Sct.onere Heimat 6 0 : 4 4 -47 . 
(In German ) . 
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�addel l ,  1 . ! .  ( 1 97 4 )  The Eco nom i c  Damage s  of Ai r Pollution. 
�ashington Environmental Re search center, O f f i ce of 
�es earch and oevelo �ment ,  u. s. Env ironmenta l Protection 
Agency . �a shington , D. c . : u . s .  Government Printing 
Cffice. 

�essel , C . J .  ( 1 9 7 2 )  Deterioration of Library Mater i als . 
Page s 6 9- 1 2 0 ,  Encyc loped ia o f  Litr ary and InforD'ati cn 
Science , Volume 7. Edi ted by A. � e n t .  New York : Marcel 
tekker . 
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1he fo l lowi ng pa �e r e  we re pre�a red ty Pane l reemter s to 
support the work of the Panel on E f f ects of Amb ient 
Envi ronmental Qua lit y of the E nvironmental Re search 
Asse s sment Committee : 

'Iiu:o thy Atke son 

�i l l i am E. Cooper 

A .  Myrick Freeman I I I  

W i l l iall' B .  House 

Jay s. Jacot son 

G .  o. Rob in son 

Proof o f  E f f ects in Env i ronmenta l 
Law 

Res earch Needs on E f f ect s on 
B io l ogic a l  Ccnmuni t i e s  and 
Ecos y eteu:s 

Resea rch Ne ed s on the Economic 
Measurement of Effect s 

Eff i c iency _consi deration s for 
Toxi cclogic a l  Research 

Resea rch Ne eds on Eff ect s of  
Envir cr•mE!nt a1 Quality in 
Agri c u lture and Forestry 

Res earch Needs or. E f f ect E on 
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Luc i l le F .  Sti ckel 

H. Eldon sutton 

carl J. Wes sel 

Resea rch Need s on Ef f ect s o f  
Envircnmen�al Chemicals on 
Wildl ife Popu lati ons 

Research Needs in Enviro nmental 
Mutag ene sis 

Research Need s  on Effects on 
Mater ia l s  

�he se background papers are ava i lab le i n  limited numbers 
upon request from the National Research counci l ' s  
Envi ronmental Studies Board, 2 1 0 1  const itution Avenue , 
washinqtor., D. c .  204 1 8 . 
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