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NOTICE

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



 ABSTRACT

The Human Health Subcommittee of the Relative Risk Reduction
.Strategies Committee (RRRSC) of the U.S. Environmental Protection
Agency's Science Advisory Board (SAB) reviewed the Agency's 1987
report entitled wgnfinished Business: A Comparative Analysis of -
Environmental Problems." (UB. ) The Subcommittee's goal was to-
evaluate the report's methodology for ranking environmental health.
problems, determine the extent to which the risk rankings for
different environmental problems should be revised or updated,
combine if possible, rankings for carcinogenic and non-carcinogenic
effects into a single aggregate ranking, and recommend approaches
for the improve methodologies for assessing and ranking. environ-
mental risks to human health. The Subcommittee was critical of
the original EPA ranking of problem areas which included a mixture
of specific environmental pollutants, sources of pollutants,
exposure media, and exposure situations--and which appeared not to
have been selected on the basis of their relevance to environmental
and health hazard assessment, or on the basis of overall public
health significance. Most of the 31 categories are so broad, and
include so many toxic and non-toxic agents, that ranking of these
categories could not be performed with any rigor or confidence.

Problems areas in the UB report representing proximal human
exposure . situations were assigned the - highest relative risk
rankings for cancer and/or other adverse health effects. .0f the
"high" relative risk rankings assigned in the UB report, those for
criteria air pollutants, hazardous air pollutants, indoor radon,
other indoor air pollutioen, drinking water pollutants, the
‘application of pesticides, and occupational exposure to chemicals
were considered to be supported more firmly by the available data-
than were the rankings for the others: .

Future efforts should focus on broad environmental problems,
without regard to internal organizational strictures or to ultimate
_rggulatory'sresponsibility.~~~Tha Subcommittee recommends a new
approach to"thé'fisk”raﬁking'procéSS7“using'a‘matrix@basedaqn-
sources, exposure situations, agents, and health outcomes. This
approach will identify specific agents and mnixtures (and the
principal sources and exposure situations in which they are found)
that should receive priorities for applying risk reduction efforts.
The Subcommittee further recommends that the Agency assign a
specific management _focal -point for this effort to assure.
accountability, establish a risk assessment framework for other
' toxicants consistent with that used for carcinogens, establish a
formal mechanism for risk anticipation, expand long-range research
on . the Tassessment of human exposure, and improve the relevant
toxicological science base. :

Key Words:  environmental health  risk assessment; exposure
assessment; risk ranking; toxicological assessment
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1.2 Evaluatioh of Methodology

1.0 Executive Summary .

1.1 Introduction

This is the report of the Human Health Subcommittee of the
Relative Risk Reduction Strategies Committee (RRRSC), convened by
the U. S. Environmental Protection Agency's Science Advisory Bdérd,
(SAB) . The report was written as part of an overall effort by the
SAB to assist in developing strategic risk reduction options that
would be helpful to the Agency in assessing ' its research and
regulatory activities. C '

In conjunction with other studies undertaken by the RRRSC, -the
Subcommittee was charged with reviewing EPA's report entitled
"Unfinished Business" (EPA, 1987) to: (1) evaluate its methodology
for ranking environmental problems in terms of their relative risks
to human health, (2) determine the extent to which the relative
risk rankings it had assigned to different environmental problems

'should be revised or updated on the basis of methodological

limitations'qr-newer'data, (3) combine if possible.into a single
aggregate ranking the risk rankings for carcinogenic effects and
the risk rankings for other adverse effects on human health, and
(4) recommend approaches for the further development'of a long-term
strategy to improve the'methodology-forvassessing.and&ranking
environmental risks to human health. Given the breadth of the
charge, the Subcommittee focused its attention on methodological
and research issues, with the intent of providing recommendations
to a future expert group convened specifically for the'purpose of

ranking relative environmental health risks. . - ' ‘

Toxicants that may be encduntered in air, water, food,
consumer products, the home, the workplace, and other environmghts,
can pose risks to human health.: In some instances, the risks from
such toxicants have already been adequately controlled by limiting -
human exposure to the agents in question, but in other instances
environmental toxicant-related risks to healﬁh continue to exist,

~ as reported in "Unfinished Business." The Subcommittee agrees that
‘it is important therefore; that all such risks be assessed in order-

that appropriate measures for controlling them may be developed.

~



'In the "Unfinished Business report (UB), 31 environmental
problem areas were identified and ranked according to the relative
magnitude of the risk of cancer or other adverse health effects
associated with each. No attempt was made to combine the rankings
for cancer with those for other adverse health effects.

On reviewing . the “Unfinishedk "Business" report, the
Subcommittee recognized the Agency's need to compare the relative
risks of different environmental problems in order to set
appropriate priorities for the allocation of its resources. The
Subcommittee also recognized that the 31 specific environmental

problems considered in "Unfinished Business"--which included a
" mixture of specific environmental pollutants, sources of.
pollutants, exposure media,. and exposure situations--had been
selected largely on the basis of their relevance to the Agency's
legislative history and programmatic organlzatlon rather than on
the basis of their relevance to environmental and health hazard
assessment or on the basis of overall public health significance.
Consequently, most of the 31 categories in the UB taxonomy are so
"broad, -and ‘include so many toxic and non-toxic agents that ranklng
of these categorles cannot be performed Wlth any rigor or
confidence. '

' Future EPA efforts should focus more on broad environmental
problems, without regard to internal organlzatlonal strictures or
to ultimate regulatory responsibility. To conceptuallze risks
better, the Subcommittee recommends a new approach to the risk
ranking process, using a matrix based on sources, exposure
situations, agents, and health outcomes. This approach will
.identify specific agents and mixtures (and the principal sources
"~ and exposure -situations in which they are~"found) that- should .
receive priorities for applying risk reductiqn’efforts. S

Among the most serious of the - llmltatlons in the risk
assessments in UB was the inadequacy of the exposure information on
which they had been based. Without more adequate characterization
of the human exposure relevant to the environmental agents or
51tuatlons .in question, the- correspondlng rlsk assessments will:
remain tenuous. Consequently, the UB report was ‘based, per force,'
on a foreshortened hazard identification process.. Even today, the
relevant exposure information is fragmentary or lacking, for the
most part. Measures for improving the assessment .of exposure
should be pursued vigorously. :



Human or anlmal data that can be extrapolated to the low dose
domain in order to support risk assessment is available for only a
relative few environmental agents. In these cases, moreover, the
-extrapolations are often based on incomplete or inconsistent data
and therefore involve uncertain assumptlons about the shapes of .the
dose response curves, the influence of age and other factors on the
susceptibility of the exposed persons, and the extent to which the
effects of the agent or situation may be modified by other
environmental variables.

_ Other limitations noted in the UB methodology include:

a)

b)

c)

f)

The report was based on a‘fundamental and largely un-
defined hazard identification process, which relied

‘heavily on preexisting listings of candidate problems,

instead of a systematic and exhaustive effort to identify
all relevant hazards according to clearly stated criteria.

Lack of comparability in the risk estimates for different
exposure and source categories or "problem areas" (as
defined in the UB réport), because the  estimates were
frequently based'on.different models and/or assumptions.

*The ffequent use of only a few agents or ekpoéures to

estimate risk for a problem area'in‘which many agents or
exposures were involved

The exclusion of significanﬁ factors . from the- SeleCtion'
of risk areas, e.g., econonic or technical controllability

_of the risk

As acknowledged in the UB report, thevfailure to'state the

scope that specific problems would  pose w1thcut the
continuation of in-place control “and regulatory ac-
tivities. Consequently,-some problem areas appeared to
pose relatively low risks precisely because of . existing
high levels of effort devoted to their control.

The failure to incorporate the assessment of preclinical
and subclinical effects of environmental agents into' the
relative risk rankings, whlch undercut the ultimate ‘goal

- of risk prevention.



g) The failure to con51der the relative magnltude of ad-
additional beneflts to be gained from completing partial
programs to reduce risks of spe01flc toxicants,
particularly when the major expense of changing production
or use patterns had already been incurred and the marginal
costs of further risk reduction were con51derably reduced
(e.g., remov1ng the last lead from gasollne, banning PBBs
as well . as PCBs).

‘1;3 Comments on the Risk Rankings

Although the UB report was an 1mportant initial effort to

systematlze a comparison  of environmental problems,,,the risk

rankings presented must, because of the llmltatlons noted above, be
regarded as provisional. - : :
For want of sufficient time, the Subcommlttee did not attempt
to update or reassess the rankings. Rather, the Subcommittee
focused on methodological issues inherent inva risk comparison
‘exercise of this type, as well as on the need for updated and
expanded databases to 1mprove relevant human exposure and toxicity
information. As shown in Table 6.1.1 and discussed below, .the
Subcommittee recommends . a restructuring of. the environmental
problem areas in the UB report in a way- that can.more accurately
reflect the different risk factors represented in each area and the
‘1nterrelatlonsh1ps among them. :

‘Given the ‘limitations in the taxonomy -of " the environmental
problems areas in the UB report and in the tox1c1ty and exposure

_data .on which their respective risk assessments were based, it is

- not 1llog1cal that those problem-areas representlng proximal human.
exposure situations were assigned the highest relative risk
rankings for cancer and/or other adverse health effects in the UB
report. Such problem areas included the follow1ng' criteria air .
pollutants, hazardous air pollutants, the application of
pesticides, indoor air pollutlon (excluding radon), indoor radon
exposure, drinking water, pesticide. residues on food, consumer .
- product exposure, and occupatlonal exposure to chemicals. '

Of the "high" relative risk rankings assigned in the UB report‘
to the above nine problem areas, those for the follow1ng seven
areas were considered to be supported more flrmly by the available
data than were the rankings for the otherS'

. :



criteria air pollutants

hazardous air pollutants

indoor radon

.indoor air pollutlon (excludlng radon)
drinking water pollutants -
application of pesticides
occupational exposure to chemicals

@@@@@@@

The data for the other two problem areas——pestlcldes residues

on food, and consumer product exposure--were less robust, but the
" "high" relative risk rankings for these problems also might prove
to be justified on the basis of further study.

- Depletion of stratospherlc ozone (problem No. 7) was ranked
high for cancer effects and medium for other adverse effects in the
UB Report. The Subcommittee considers the supportlng data for the
categorlzatlon of this partlcular problem ‘to be less robust than
for those noted just above, but still sufficient to support the
classifications given. It should be emphasized, however, that if
the methodology for assessing relative risk that is proposed in
this report were applied to all other problem areas (or their
component toxicants) identified in the UB" Rebort. certain othér
areas might also be class1f1ed as "hlgh." Converselv.. the
classification of some areas noted above as "high" 1n the UB renort
might possibly be changed to "medium" or "low."

In addition to the relative magnitudes of the risks to health
posed by different environmental problem.areas the controllability
of the risks is another factor that must :be. -considered in
‘evaluatlng alternative risk-reduction strategies. Hence it must
not_ be forgotten .that the adverse. health effects of certain
‘environmental tox1cants~~such as carc1nogens—-may not. appear untll.
decades after exposure, with the result thdt- termination of
exposure to the toxicants does not abolish the risk for those who
have been previously exposed. Also,. certaln environmental
toxicants--such as heavy'metals PCBs, and long—llved,radlonuclldes
--tend to per51st 1ndef1n1tely in the environment, and may actually
become concentrated in certain components of the human food chain.
“Such toxicants may, therefore, pose a continuing threat "to human
health, primarily through the ingestion pathway, long after thelr'
release into the environment has' been reduced.



1.4 Developing An Aggregate Risk Ranking

The development of a single aggregate risk ranking that would
combine the relative risks for cancer with the relative risks for
‘other types of adverse health effects was addressed by the
Subcommittee, which evaluated the data and methodology required for
the purpose. Such an aggregate ranking would.provide additional .
guidance to the Agency in setting priorities. Although possible in .
principle, the development cannot be accomplished;without4comparing
the impacts of different types of health effects on the total
population as well as on the individuals directly affected. The
Subcommittee recognized that the development of any aggregate risk
ranking that attempts a single scaling requires resolution of many
implicit value judgments and ethical issues beyond the scope or
authority of this Subcommittee or the EPA. That is, to attempt a
relative ranking in terms of severity (or significance) of such
disparate health outcomes as birth defects in infants compared to
paralysis in older persons requires consideration on many
dimensions of the values we place on various members of society,
families, and the utility of specific physical and mental functions
for individuals and society. Such a comparison requires that the
' impact of each effect be scored for severity, a process,
necessitating selection of suitable Imeaéureéi and- .scales of
severity, as well as appropriate weighting factors. In addition,
the current disparity in risk assessment approaches for carcinogens:
and systemic toxicants makes it exceedingly difficult to construct .
a universally acceptable aggregate ranking. Although the data and
time needed for such a complex task were not available, the
Subcommittee described ways by which such an aggregated ranking
- might be undertaken in the future, assuming that the important
‘ valué—laaén‘issﬁéS“caﬁlbé'equitably'resolved;f"fw- S e e e

1.5 Recommended Approaches

In considering how risk areas might be better defined and
' relevant information organized for ranking/assessment purposes, the
Subcommittee pfoposes as a possible'approach the development of a
matrix, the principal dimensions of which include sources, exposure.
situations, agents, and health endpoints. For example, a two-
dimensional array, with rows representing ultimate sources (such as
agriculture) and columns representing direct or proximate sources
impacting human health (such as drinking water), would help to
identify those intersections at which risk reduction initiatives

6



" would produce the greatest benefits (see Table 6.1.1). Expanding
the dimensions of such an array, by including specific agents (as
in Figure 6.1.2) and health endpoints, would allow an even more
detailed identification of ~where: the Agency could act most
effectively. ' ' : ‘

" "‘Developing the matrix in usable form and.entering information
into it would be no small task. In the final analysis, the  task
will never be quite complete; whatever initial system is adopted
will undergo <continual change, expansion, and development. (as
distinct from maintenance) as it is used and as experience is
gained from cataloguing new information in it. ' ’

The Subcommittee recommends that the Agency undertake: the
development of such a prototype matrix, beginning with a limited
pilot effort using a few, widely spread agents, and designed to
explore its feasibility. Existing relational data base software
would support such an effort, and the resulting four-dimensional
~information system would itself be usable, and would also provide
information for the development of an "ultimate" system. This
approach would reveal complexities and practical difficulties at an
early stage. A later stage of devel@pment Would expand by adding
a larger number of agents selected for potency and ubiquity. They
could be selected from preexisting lists (such as those developed
under Title 3 of the SARA "Community Right to- Know Provisions").
As .the _system' is developed, it should be 1linked to existing
databases, such as the EPA's Integrated Risk Information System
(IRIS) -

~ Once the system were to become even partially functional, its
" yalue ‘would be great:. "Applying the concept of the interconnecteinl‘
four-dimensional system as an aid to the thought process when human
health risk issues are addressed should improve the risk assessment
process at once; documentation of such applications would be a
source of information for .insertion into the system itself.

The Subcommittee'further recommends that the Agency assign a
specific management focal point for this effort to. assure
accountability. o

With the ultimate aim of improving the assessment and raﬁking-
of environmental risks to human health, the Subcommittee recommends

‘the following additional -actions:
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d)

£)

Establishment - of a risk assessment framework for other
toxicants consistent with that used for carcinogens. The
recommendatlons in b), ¢), d), e), and f) below, while
useful in-and of-themselves, w1ll also contribute directly
to achieving this goal.

'Establlshment of a formal. mechanism for rlsk ant1c1patlon

(i.e., identification of - emerging problems),, as rec~- -
ommended in the Future Risk report (EPA, 1988), including
an expert in-house comnittee, peer oversight, and a means
of supporting long-term - research on emerging problem
areas. .

Expansion of long-range research on the assessment of -

human exposure. Topics should include developing data and
models on the variation of exposure with time and place,
and obtaining detailed and comprehensive ' exposure -
measurements (including data on: (1) ambient exposure

 levels; (2) tissue burdens; (3) uptake, distribution,

metabolism, and excretion of the toxicants of. interest,
and the extent to which these parameters may vary w1th
age, sex, diet, physiological state, and other variables;
and (4) relevant biological ‘and. molecular markers of
exposure. ~

Improvement of the relevant tbxicolcgical. science base,
including - more systematic data on the toxicity of

_environmental agents for humans of different ages, more

comprehensive assessment of their toxicity in surrogate‘
toxicological test systems, and better. understandlng of

the approprlate dose-response -and trans~spec1es scallng~‘4«~:ff

functions to be used in asse531ng their risks to human
health. -

Development of the extensive exposure and tox1c1ty data-
bases needed, through closer ‘cooperation with other
federal (e.g., NCHS, NIH, NIOSH, FDA, and DOE), state and
local agencies, as well as with 1nst1tut10ns in the
private sector.

Establishment of a long-term program to improve the cap-

ability for assessing and ranking -environmental risks to
human health. The program should involve extramural peer
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vygy

review and should be organized in .such a way as to deal
most effectively with the relevant research issues.

- Further dévelopment~wof-scientific.-capabilityf in the re-

quisite disciplines; i.e., since assessment of the health
risks of ‘environmental agents requires the coordinated
efforts” of Dbiologists, chemists, -epidemiologié%s,
mathematicians, physicians;wtoxicologists,wgeneticists,
and scientists of other disciplines, and since few
institutions have the multidisciplinary teams required
for such research, there is a need to ‘develop . prograns
for fostering such collaboration on a broader scale, for
focusing it on the key problems that deserve to be
pursued, and for the further training of scientists with

;the necessary expertise, through long-term support of

graduate and postgraduate training in - toxicology,
epidemiology, exposure assessment, and the other relevant

disciplines.

- Future risk rankings should be based oh.risk assessments. for

specific single toxic agents or definable mixtures, and on the
cumulative. human exposure'to‘such agents. In actually conduqting
future risk ranking exercises, the following factors, discussed in
the Subcommittee's report, should be considered:

a)

B) -
. sment of toxicity and the identification of hazards. To-

c) The distribution as well as the mean, should be evaluated

The effects of uncertainty in exposure eStimates!should bé,

stated explicitly and factored into any risk charac-

terizations, and possible interactions for exposures

involving complex mixtures should be add;essed;
Consistent criteria shoﬁld~vbé dé&élobéd;fbr thenaésés:“

accomplish this, the Agency should develop and 'apply
consistent criteria for hazard jdentification, include
sub-clinical and pre-clinical effects of pollutants as
endpoints of concern, and expand its assessments of
substances/agents'within.selected»“problemlareas“ (however
defined) to encompass truly representative samples.

1

when considering the severity of health effects. In the
case of lead, an average decrease of five percent in IQ
scores for individuals would translate into a greater than
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£)

g)

1)

fifty percent decrease in +the number .of. individuals
scoring in the upper intelligence ranges, and a
quadrupling of the number of persons with IQ scores less
than 80. ’

Assessments should consider risks to individuals, as well

“7as"risks~to“the-general*popﬁlation-and to»susceptible-éhb;x
- groups.

_The Agency should be cautious in using merged ranking sch-

emes for cancer and non-cancer endpoints. Difficulties

_arise from the lack of a clear biological rationale,

divergent histories, and the absence of an acknowledged
scoring system for severity of effect. Approaches to a
merged ranking system are described in the Subcommittee
report (section 6.3) asvwell»as'anﬁillustration of the
steps and problems involved in the complex process of
merging rankings of different types of risks to human
health. ‘ B '

Consideration should be given to the time period over’
which different risk reduction strategies may " be
effective when evaluating the risk posed by -a given
toxicant, as well as to the ‘persistence . of risks if
uncontrolled. '

It should be recognized that the assessment of rela-
tive risk is a value-laden process ‘(particularly with
respect to relative severity and equity), which should
involve . toxicologists, .. epidemiologists, exposure

" asgessors, medical expért37fsociologists;~ethicists, and -

informed representatives of the general public.

Risk rankings should explicitly ‘address the extent to
which existing control strategies effect risk reduction;
and conversely, the estimated risk in the event that
existing programs were not to be continued at the current
levels. ’ '
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2.0 Introduction

e i et

2.1 Background

Broader use of the concept of risk reduction in EPA's planning
of research and regulatory strategieS‘was.reqommended.to the Agency
‘by‘its*Science~Advisory Board in 1988;-in the "Future Risk" report
noted above. The recommendation'was"followed in 1989 by a-request
from the EPA Administrator, William K. Reilly, for SAB's technical
assistance in developing strategic risk reduction options to aid
the Agency in assessing its activities. .In response, the SAB
undertook to provide the requested assistarnce, forming the Relative
Risk' Reduction Strategies Committee (RRRSC) to .expedite the
process. ' B ' .

The SAB recognized at the outset that one of the first steps
to be taken was .a review of the 1987 report entitled "Unfinished
Business: A Cdmparative'Asseésment of Environmental Problems" (UB)
which summarized EPA's evaluation of the relative risks of the
major environmental problems of concern to the Agency at the time.
That evaluation had assessed the cqmpargtiveAriSKS‘of some 31

environmental- problems (Table 2.1), judged initerms of: -

a) their risks of contributing to the occurrence'éf,human
cancer : I
b) their risks of causing other adverse effects on human
' health | | o |
o) their risks of causing damage to the -ecosystem, and.
d) their risks of causing adverse effects to socieﬁai
4 welfare ' :

In light of these earlier assessments by the Agency; the SAB
charged the RRRSC to: ' : h

a) provide a critical review of the "Unfinished Business"
report, taking into account any significant new
information bearing on the evaluation of the risks
associated with specific environmental problens

b) provide, to the extent possible, merged evaluations of

canéer and non-cancer risks (i.e., health risks) and of
ecological and welfare risks (i.e., environmental risks)

11



Table 2.1 Original EPA list of Environmental Problems considered in the
1987 "Unfinished Business" report (pages 10-11)

c) provide optional strategies for reducing major risks

d) develop a long-term strategy for imprbving the methodology
for assessing and ranking risks to human health and the
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environment and for assessing the alternative strategies
to reduce the risks.

~ In order to facilitate the accomplishment of these tasks, the
SARB formed three Subcommittees of the RRRSC: the Ecology  and
Welfare Subcommittee, the Human Health Subcommittee, and the
Strategic Options Subcommittee. ‘The report of Human Health
Subcommittee follows. o o

2.2 Charge to the Human Health subcommittee

The Human Health Subcommittee was charged with the following
tasks: a) to provide a critical’ review of the "Unfinished
" . Business" report in 1light -of new information bearing on “the
"evaluation of the risks to human health attributable to specific
environmental problems; b) to provide, insofar as possible, updated
and merged evaluations of the relative risks of cancer and the
relative risks of other adverse effects 'on human health
"attributable to specific environmental problems; and c¢) to
recommend approaches for the development of a long-term strategy to
‘improve the methodology for assessing environmental risks,to.humén
health. ' Lo '

2.3  Format of this'Regort

Section Three of this report reviews the kinds of information
and analyses that must go into any'assessmeﬁt of environmental
‘risks to human health. -These include evaluation.of.-the toxicity. of
the environmental agent(s) in question, as well as the degree(s) of .-
human exposure to the agent(s). The next section appraises the
extent to which the data~and methodology in ngnfinished Business"
were adequate for accomplishing the intended assessments. The
' following section considers approaches for developing a long-term
strategy to improve the evaluation and ranking of environmental
risks to human health, including the merging of cancer and non-
cancer risk rankings. The final section, presentihg the
‘Subcommittee's conclusions and recommendations, - is followed by
appendices containing case studies to illustrate the~difficulties
inherent in environmental risk assessments as well as detailed
discussions of suggested methods for ranking different risks.

13



3.0 Essential Elements in Assessment of
Environmental Risks to Health

3.1 overview

.The development of any risk assessment. anid risk ‘ranking
process requires specification of the criteria for ranking. The
UB participants, especially when dealing with' non-cancer health
effects, struggled to impose order on a heterogenous universe of
exposure scenarios, agents, -and endpoints. They adopted the tactic
of focusing on a limited number of agents within each'problem area,
selecting those for which 'a reasonable amount of data were
available. On the basis of estimates of the severity of health
endpoints, the sizes of the exposed populations, and the potencies
of the different agents‘(actﬁally defined as a margin of safety),
they assigned rankings to each of the 31 problem areas.

As a preliminary strategy, the effort was commendable because it
clarified the difficulties posed by the absence of definitive

- information. In fact, much of the exercise had to proceed in the

absence of sufficient information. Naturally, the first item. in

~any strategy for improving risk predictions is the acquisitidn of
adequate data. ' ' .

3.2 Assegsment of Exposure

“The "Unfinished Business" (UB) report addressed the fact that
there was significant uncertainty in' estimates of exposure, and
hence risk. However, the discussion of potential exposure was
limited. e - < _

In Appendix I,-the report of the Cancer Work Group, it was noted
(p. 16) that "Ranking environmental problems was complicated by a
lack of information, uncertainties'inkestimating'exposures, the
‘diversity of methods used to assess different problems and to
project national cancer incidence from smaller-scale studies, and:
differences in the degree of: coverage of potential carcinogens."
Tt also noted that "the quality of the human exposure for the 31
environmental problem areas varies greatly, making comparisons
difficult." It was pointed out (p. 14) that "yarious methods of
assessing exposure may also have biased comparisons -of different
_problem areas. Not all analyses made exposure assumptions with the
‘same degree of conservatism." These statements are persuasive in
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suggesting caution in using their quantitative risk assessments, as
well the relative ranking of categories as a basis for decision-
making in environmental regulation, particularly since the

”*potential”limitations'werefemphaSized in this fashion by the group
performing the assessments.

3.2.1 Data Gaps and Uncertainties

In assessing exposure the UB report was faced with the kinds
of data gaps relative to exposure assessment that are not unique to
‘its undertaking and which are frequently encountered in assessing
risks to environmental contaminants. These include:

3.2.1.1 Specific Chemicals

For some categories there is insufficient information about.
the presence of specific chemicals due to the fact that the data
base was either limited, established for other purposes or may not
.bé'recent. Thus, for example on p. 13 of Appendix I (Report of the

Fle e cancer Work ‘Group) “it-was noted that for pesticide residues-on- food

the Group "extrapolated from a few suspected car¢inogens to the
universe of potential- carcinogens..." = . Another example is the
omission of arsenic.among the list of carcinogens in Problem Area
15, Drinking Water. - It appears to have'been«omittéd because it was
‘not a member of the three categories of water constituents that

_ were addressed. In the case of Problem Area 17, Hazardous Waste
Sites-Inactive, it was noted that the data for the 12 chemicals for
which the risks were estimated were based on-35°"sample sites which
were chosen to represent thousands of such sites. It is indeed

. understandable -that in an undertaking of this magnitude omissions
and limitations must necessarilygoccur;-*Thefquestipﬁ.arises-aé]ﬁo
their impact on the estimated population risks and-the relative
ranking of categories. :

3.2.1.2 Concentrations

For the UB report various methodologies were used to establish
concentrations of chemicals. These included measurements from
surveys, both large scale and small, as well as modeling, such as
dispersion modeling applied in Problem Area 2, Hazardous/Toxic Air
Pollutants. The calculated risks Were in many cases based on
skimpy'concehtration data. The sludge section' (#12), for example,
lists contaminants in sludge in Table A-1 and page B-70. However,
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no information is given about the levels. Also, in Problem Area
17, Hazardous Waste Sites-Inactive, the number of best-guess cancer
cases was extrapolated to an estimated potentially exposed
“populatlon of 6.8 million,: ‘pased  on concentrations of 6 chemicals
. at 35 sites with an estimated exposure population of about 50 000.
Aside from the uncertainties of extrapolating to such a large
number of other sites, the question necessarily arises as to “the
“validity of the concentrations reported as a basis for these
exposure estimates. Often at hazardous waste sites the‘modellng of
risk is based on a wide range of assumptlons and often very limited
data. Thus, it may not follow that the calculated exposures based
on such limited data and the application of groundwater modeling
are accurate even within orders of magnitude as expressions of the
concentrations to which people are exposed in their water supplies.

The document itself points out (pages B-44) that the data on
the occurrence of synthetic organic chemicals (SOCs) in drinking

Water are severely limited. However, since the document was
'developed additional monltorlng or survey data have become
available and should be examined. These data include Superfund

'SARA Title III ‘reports, the -health assessments for - inactive
hazardous waste sites prepared by -the Agency for Toxic Substances
and Disease Registry (ATSDR), and monitoring data requlred for
newly regulated constituents in public water supplies. The risk
assessments should be updated to determine whether it would be
consistent with the expanded_database'that.isvnow available.

Frequently the calculatlons of lifetime: rlsks are based only

on the current concentrations and do not consider how these might .
change over.- .decades of time. . Estimates at a. spe01flc site are
’ subject to great uncertainty.  If extrapolatlons ‘are to be made to

estimate national risks, the uncertainties are necessarlly much‘ o

greater yet. Flnally, it must be empha51zed that exposure-
concentratlcns based on very few measurements or modeling are not
llkely to reflect accurately those to which a complete population

is exposed. For example, at water supply treatment plants the
concentrations may be substantially different than at various
points in the distribution system. or, in the case of lead,

corrosion in the system can add substantially to its concentration.
In the case of volatile organlcs (VoCs), their very volatile nature
will affect exposures by both ingestion and inhalation. These
factors  that affect the concentration at "the point-—of actual
exposure are important in accurately determining risk. '
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3.2.1.3 Nature of Egposures

The contamlnated. media to which people are exposed are
"frequently assessed on the basis of only one mode of contact, e.g,

ingestion for water, inhalation for air, skin contact for soil.

““The UB report-‘does ‘recognize that there may- ‘be multiple routes.of
‘exposure, as well as intermedia transport. However, it is not

clear that these are sufficiently-considered. For example, in the
case of Problem Area #15, Drinking Water at the Tap, the report

states (in Appendix I, p. ‘B-44) that "if the .chemical has been
shown to be carcinogenic through inhalation and not ingestion, it

will not be considered a potential carcinogen via drinking water."

This- does not seem to recognize the inhalation exposures to
volatile chemicals that regulariy occur from indoor uses of water.
At the same time, it does not appear that skin contact with such
carcinogens from bathing w1th contamlnated'water were considered as
well. ' '

Recent exposure estimates suggest that the ingestion pathway

""may “bé -of ‘much -greater- -importance -than -that "for inhalation for‘r
persistent chemicals, sugh as  lead and ' the .polychlorinated
. dibenzodioxins and furans. These chemicals can be taken up or

deposited on plant or forage crops which in turn can be eaten by
people or food-producing animals. - These same chemicals are
deposited in rivers and lakes, or are transported to water bodies

by surface water run-off; they can accumulate in fish consumed by
‘people. A recent EPA report estimates that these 1ngest10n ;

*exposures are likely to be: greater than those via inhalation: of
 emissions from municipal solid waste incinerators. Thus these

‘integratedwpostdepositicn.routes of exposure may be important in
asseSSihgfeXposuré'and'risk‘frbmforiginating*sdurces.that release-

substances into the air, but impact upon land and 'surface waters.

.3.2.1.4 Ranges and Variabilities of Exposure

The UB document doesn't provide sufficient persﬁective of the
range of eXxposures. that can occur within a given problem drea, or
how the exposure may VvVary over time. On page 17 of the overview.
the document states that descriptions of aggregate populatlons and
individual risk were of interest. The differences that were
considered appear to be limited to differences in exposure between
groups, such as pesticide applicators and “their exposures,. in
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comparison to'pesticide exposures of the general population from
food or in their homes. : '

. Some of the smaller public water supplies or private wells may
be highly contaminated from waste sites and other sources,
' espec1ally "those' that are usually- not ‘tested for unusual or
esoteric contaminants. ‘Some prlvate water supplles have been found
to be contaminated with organic chemical concentrations greater
than 10 ppm, and some public supplies greater than 1 ppm. Whether

or how such unusually high exposures were con51dered is not clear.

There are a number of 1nd1v1dual behavioral factors that can
.affect exposure. They include the. frequency and use of materials
containing contaminants, the behavior that causes release of
contaminants, and the time-location patterns of individuals. For
the most part these do not appear to have been addressed in the UB
report. There is a brief discussion (p. 14, Appendix I) that
refers to mitigating behavior. This is described as the extent to
which people reduce their exposure when they know that they are at

risk. As an example, it is mentioned. that "people may stop -
drinking water that tastes bad or is known to be polluted."” Such

mitigating behavior was not however, specifically evaluated with
respect to its effect on exposure. However, this is indeed a -
difficult area to assess. More importantly, the frequency and
locations where people spend their time will mecessarily have a
substantial impact on assessing inhalation exposures to air
pollutants. National and regional studies in this regard are now
' being-undértaken and will- provide a valuable-data-base on the range -
and distribution of individual behavior patterns of peoples' uses
of time indoors- and .outdoors, with specific. reference to the impact
on exposure to. ‘air pollutants.”  Data on- the- varlablllty of the
ingestion of water have been developed that indicate that standard
reference .intakes of 2-liters per day for a 70 Kg adult needs to be
reassessed when estimating the exposures to waterborne pollutants.
The ingestion pattern is ‘quite variable. Average consumption of
tapwater by children is estimated to be higher than for adults on
a body-weight basis (1 liter per 10 Kg--NAS, 1986). In addition,
while for many adults the average consumption of tapwater may be
" less than 2 liters per day, the results of a recent survey showed
that 5% of adults 20-64 years old have an average dally water
consumptlon of tapwater of 2.71 liters per day, . and an average
total water intake of 3.79 liters per day (Ershow and Cantcr,
1986). There is a large variability around the mean. Whether this
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is important in relation to the probably.  considerably greater
uncertainty in dose-response relationships, however, is a separate
question. Finally the uses of water, other than for ingestion,
- ‘which lead to human' exposures are also- hlghly variable. Bathing

and showering lead to inhalation and dermal exposures, and other
'ﬁlndoor—water ‘uses release volatile chemicals, causing inhalation
exposures to all the inhabitants of the building. Thus the
interaction of the behavior causing the releases, and- the time
spent within the various rooms of the building all influence the
final determination of indoor-inhalation exposure.

3.2.1.5 Exposure to Complex Mixtures

Many of the problem areas involve exposure to complex
nixtures, or the selection of an indicator chemical as a surrogate
for a mlxture. ~ In many situations the specific mixture of
.. chemicals to which people are exposed is characterized to only a
limited extent. In these situations very few data may be available
+to assess adequately assess the risks. However, new exposure
surveys could be used to identify additional chemicals of concern.

3.2.2 Summary and Recommendations

' It is clear that there are a variety of factors that have not
been, and probably could not readily be, ‘determined in establlshlng
exposure for the purpose of asse551ng risk in the framework of the
‘UB report. The question arises as to the extent to which these
deficiencies bias or invalidate the quantltatlve impacts that were
'calculated and,  hence, the relative . rankings of risk for the

various problem areas.- Although it may- be difficult to improve. theul‘

pre0151on of the calculations of quantltatlve risk for each of
these areas by considering in detail the deficiencies in the
various exposure factors cited above, it would be useful to attempt
to include their variabilities where they are known, and in any
case estimate their uncertainties. Thus, for example, in the case
of drinking water the range of ingestion factors and the possible
impacts of inhalation and dermal exposure should be considered,
since information is available in these areas. With respect to

uncertainties in exposure, there should be at least a seml—
3quant1tatlve assessment or judgement of the 1mpact .on the risk
calculations. Where these uncertainties are very great, i.e.,
orders of magnitudes, as they are likely to be in some cases, a
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good understanding of their effects is eésential in ordering and ,
prioritizing the problem areas. ' ’

‘3.3 Assessment of Toxicity
3.3.1 Hazard Identification

- -

The first step in risk assessment-is the -identification .of a
hazard, i.e.,. potential risk). This involves detailing the
inherent toxicity (including carcinogenicity) of the substance or
agent in question regardless -of the actual level of exposure.
Specifically, hazard ldentlflcatlon is aimed at determlnlng'whether
exposure to an agent can cause an adverse health effect- (National
Research Ccunc11/Natlona1 Academy of Sciences; 1983). Evidence of
inherent toxicity conventionally includes data on structure-
activity relationships to known toxicants, in vitro or whole-animal
short-term tests, chronic or long-~term -animal bioassays, human
biomonitoring data, clinical studies, and epldemlology' A complete
hazard identification ‘process entails review of avallable informa-
tion in these six categories in order to determine. whether the next
- step——quantitative risk assessment--is warranted The National.
-Academy of Sciences has estlmated that there are at least 25
components--of both a 501ent1f1c and ‘policy nature——ln complete
hazard 1dent1flcatlon (ikid) .

~ By contrast, the~Unfinished Businéss report was based on a
foreshortened and largely undefined hazard identification process.
Instead of carrying out complete hazard -identification -reviews
according to .clearly stated criteria, the working group . relied

- largely -on preexisting. listings. of.candidate chemicals. Although =
these lists dppear to have been driven-by the- non—avallablllty @f‘i

p051t1ve human and/or laboratory anlmal testlng data, the criteria
for hazard identification were never explicitly stated in the
document. In any future attempt to rank risks of environmental
toxicants, the hazard identification criteria should be explicitly
stated. In line with the goal of disease prevention, they should
include evidence of preclinical or subclinical effects of pol-
lutants. ' .

This lack of a consistent approach in selecting hazards is a-
serious limitation of the document. Yet it is easily understan-
dable given the dearth of ‘available. toxicologic <data- on new and
existing chemicals. The NAS has estimated that no toxicity data
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are available for approximately 80% of the 48,000 chemicals in
commerce (National Research Council, Toxicity Testing, National
‘Academy Press, 1984).

. This "Achilles heel"™ in hazard identification is no less
“evident when new chemicals are considered. - Here, information on
toxicity is woefully- deficient. ‘As- stated in the Unfinished
Business report, the Toxic Substances Control Act (TSCA) requires
that industry submit to EPA data related to the health effects of
new substance prior to its manufacture or importation. The data
‘are claimed to be confidential by the submitters in the great
majority of cases, however, so the premanufacturing notification
(PMN) process allows EPA (but not .the public) to identify potential
risks presented by specific new chemicals (App.I, 8-63). EPA's’
own review of ten years experience with the PMN process under the
TSCA indicates that only 60% of the new chemicals haVe any
tdxicélogical data (Auer, et al., 1988). .The Subcommittee views
‘the development of an adequate toxicological data base on existing
and new chemicals as a priority--and a prerequisite~-to any
attempts to quantify comparative risks more precisely.

' A third major weakness of the Report, flowing from the first,.
was the frequent reliance on a few-selected ‘surrogate contaminants
“to represent large categories of pollutants. For example, the
Cancer’ Risk work group selected 4 agents—-formaldehyde, methylene
chloride, paradichlorobenzene, and asbestos as representative of
the vast category of consumer product exposures. For non-cancer
effects " the Work Group relied on' 3 pesticides - to 1llustrate'
"pest1c1de residues on food," despite their acknowledgement that

.perhaps 160 pesticides may.constitute potential risks,m_similarly,,_udﬁ'

-only 6 of the hundreds or thousands' of‘chemicals of -concern in
indoor air were evaluated (App. II, p. 2-I). ‘

In summary, the present Subcommittee makes the following
recommendations: : ,

a) * The agency should develop and apply consistent criteria
for hazard selection, since this process is the critical
first step in risk assessment and determines the validity .
of the final product.

" b) Subcllnlcal and precllnlcal adverse effects of pollutants
should be included as endp01nts .of concern.

LN
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c) * EPA must make a concerted .effort to improve its toxico-
logical data base on both new and existing chemicals.

d) EPA -shouldexpand -its.-assessments of substances/agents
within selected "problem categories™ to encompass truly
representative samples. '

3.3.2 Dose-effect Characterization

A fundamental and basic tenet 'in toxicology is the existence

of a dose—response relationship. To quote Paracelsus: "All
substances are poison; there is none which is not a poison. The
rlght dose differentiates a poison and a remedy." Dose—response

data have, therefore, 1ong been cons1dered to be the cornerstone of
risk assessment.

) ‘More recently, consideration of the dose—response relatlonshlp
has become complicated by.the recognition of at least two alter- .
native dose-response models, defined in operatlonal terms: the
threshold dose—response model and the non-threshold dose-response .
model. All carcinogens are now assumed to be blologlcally active
even at the lowest doses, without thresholds, thus  there is nc'
"right" dose at which they are considered harmless: -On the other
‘hand, for many effects other than cancer, dose-response .relation-
shlps are known or- presumed to have thresholds, with the result
that 'the causative agents are considered to be ineffectual - at
sufflclently low.doses. . This dichotomy was reflected in the risk
assessments presented in the UB report.(

- ~It -should.. be emphasiéed that a conceptual problem“mwithu“"‘

" thresholds is the difficulty of 1dent1fy1ng “safe" leveis for a
diverse human population expected to have 51gn1flcant inter-
individual variations in biological response to toxicants. In the
case of lead, neurodevelopmental effects are belng observed at
increasingly low levels of exposure. Recently, an eXtrapolation or
a combined extrapolation/safety factor approach has been suggested
for non-carcinogens such as reproductive or'developmental toxicants:
(Gaylor and Kodell, 1980; Gaylor, 1989)

Another,difficulty lies with our concepts of "threshold."
Actually, we can envision that, for any given chemical, we might
have to deal with several thresholds. One threshold can be defined
by our present capabilities to detect the presence of a given
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chemical. Progress in analytical techniques . made over the last
several decades has pushed this threshold to lower and lower
levels, as documented several years ago in "The Case of The
“Vanishing Zero," (Zweig, 1970). ..Another threshold may be defined
by limitations of.our analytical- capabllltles .with regard to access
“to materials to “be analyzed. For example, -many . analytical
- procedures allow quantification of foreign compounds in easily
accessible compartments such as body fluids. The same procedures
are of much less, if any’ practlcal value to detect the same
chemical in critical internal targets such .as 'the brain or the
kidneys without interfering -seriously with normal organ structure
"and functlon. A third category of defining a threshold is time-
" dependent. Today's lesion often heals or is gone away tomorrow.
On the other hand,a recent follow-up study has indicated long—term
neurobehav1oral effects from low-level exposures to lead (Needleman
et al., 1990) There are many biological processes involved in
repair and regeneration and reversibility vs. 1rrevers1blllty is an
important, but not- sufficiently studied problem and must be
“considered-whenever there is- dlscu551on of thresholds. There are,
also, individual vs. populatlon thresholds as well as "threshold-
l1ike" behavior. Finally, there is no clear—cut and generally
accepted deflnltlon of what constitutes an untoward - or "adverse"
health effect. The only method for adequately judglng if a
" threshold exists is an understanding "of. 1mechanlsm and. of the
blologlcal system being affected.

CIE dlfflcultles arise in' the 1nterpretatlon of dose—response

" “'data for risk assessment, the lack of sufficient data for pre01se1y

characterizing dose is often a limiting factor. -Another problem
. may -arise in linking dose _to response and arriving at a judgement

' && to what the response means: ' Recent developments--iz the science. -

and technology of '"biomarkers" illustrate ‘conceptual and
practical problems in the Paracelsian approach to risk assessment.

In lead poisoning, for example, biomarkers. prov1de good evidence of
exposure, and it is possible to link such spec1flc biomarkers with .
some of the more florid manifestations of lead poisoning. Some
years ago, a "threshold" could be defined, but more recent
-studies suggest that a "sub-threshold" dose for one untoward effect
by no means constitutes a nsyb-threshold" dose for another,
potentially more deleterious effect (e.g., consequences of acute
Vs, chronic exposure; early vs. late 51gns of poisoning). Similar-
ly, a blood alcohol level above a certain limit is predictive of
impaired motor and sensory function, but of llttle value in
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predlctlng chronic nervous system 1mpa1rment or cirrhosis of the
liver, to say nothing of fetal alcohol syndrome.

" In view'of present limitations in our ability to interpret and
1ntegrate dose-effect relationships in the low-dose domain, -it:is
necessary to rely on informed- assumptions for the purpose of risk '
assessment. There are several alternatives. One may. adopt a
conservative stance (i.e., to err on the side of being safe and to
assume that any amount of a toxicant can increase the risk of
disease in some individuals) or one can assume a human population
threshold.. The former assumption is Jjustified by the observation
,of significant interindividual variability in response to toxi-
cants, including carcinogens (Marquis and Siek, 1988; ‘Harris, 1985;
_ Perera et al., in press). :

.A few of the general problems that were inherent in the risk
=aSsessments contained in the UB report may be addressed as follows.

3 3 2.1 pefining the Dose'

* The dose of a chemical- is often deflned as the ‘amount of the_
substance that is administered under specific condltlons, however
a problem in defining the dose arises when' the amount: of the-
chemical is not known precisely as is the case- ‘with most environ-
mental agents. In this situation, the dose is often related to, or
equated with, the extent of exposure. For example, the. concentra-
‘tion of ‘a"given chemical in air, water or .food ‘is ‘equated roughly
with the "dose". Epldemlologlcal studies - often -implicitly rely
heavily on this type of operational definition of dose, although

‘fftnere is always uncertainty about the extent- to which exposure.

conditions (or concentratlons) ‘result in a glven quantity of a -
chemical actually entering the body.

A second problem concerns estimation of the prec1se relation-
'ship between intake of a given amount of a chemical and the
resultant effective dose. Every chemical entering. the body is
subject to the process of uptake, metabolism and elimination. Many
chemicals are rapidly inactivated and eliminated, while others may
accumulate or be activated. Dose depends thus not only on exposure
conditions, but also on the interplay between intrinsic properties
. of the chemical and thé capability of the organlsm to deal with the
agent. :
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"The third problem can be defined -as "target dose" vs.. "body
dose." Many chemicals have no untoward effects unless they reach
a critical biological target, i.e. the site where they can cause
- harm, in sufficient concentration todo so. Whether a chemical
reaches its target or not is subject to many variables, such as
A route of exposure, toxicokinetic parameters and the capability of
‘ the exposed ~-organ, tissue, or cell to deal with the agent.
Ideally, the target dose should be known for a rational assessment
. of risk; however, in practically all instances this information
‘remains unavailable for humans with the result that human risk
assessment is correspondingly imprecise. Exposure "dose" is thus
usually the best surrogate now available. Acceptable approaéhes
for extrapolating from exposure conditions to "dose", bé it total
body dose or critical target site dose, may be developed through
mathematical modeling based on appropriately designed laboratory
experiments with animals. New developments with = "biomarkers"
applicable- directly to human populations promise to. yield ad-
ditional approaches. ‘ '

3.3.2.2 Defining the Response

Response, or "endpoint," can~be‘difficult to assess or to
define. While certain endpointsyvsuchmaswdeathriacuteﬁtissue
injury, and cancer, are easily recognized, other.respbnseS'may be
much more difficult to detect or evaluate. During recent years,
progress has been made in identifying so-called biomarkers of
.effect. The conceptual approach and techniques used, coupled with
an understanding of the underlying biology (e.g., detection of DNA
adducts) holds great promise for refining our analytical capabili-
ties. The difficulty.lies in answering the question: "What is

tiuly a valid indication of an untoward health effect?": - For. -

- neoplasia, any indication that an exposure may cause benign ‘or
malignant neoplasms is an unacceptable response. It is even more
difficult to deal with non-cancer responses, that may include the
more than 90 specific non-cancer health endpoints in the UB report.
Some effort was made to classify these endpoints into various
categories, from those of lesser concern to those that are severe,
but the classification lacks logic and consistency. Some of the
listed endpoints are true disease entities (e.g. pneumonia, herpes,
increased heart attacks, mortality). Some are only signs of
disease (e.g., angina, jirritability, jaundice) or symptoms (e.g.,
headaches, learning disabilities). ‘'still others are clinical or
subclinical findings (e.g., decreased heme production, transient
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1mpa1rment might follow from a single eplsode of . insecticide
exposure, Or exposure to high levels of a ‘volatile solvent with
anesthetic properties. It is not possible to judge the validity of
“IEHeUB conclusiong without -a-description .of which exposure-effect
scenarios were envisaged. : ‘ B

: - 'At ‘present,” deflnlng health effects depends on recognlzlng
deviations from normal structure and function, an-approach that is
driven by our analytical and diagnostic capabilities. . Although we
still lack an adequate understanding of the health- 51gn1f1cance of
certain signs and symptoms, we must acknowledge that in the
"interest of disease prevention, validated early indices of risk.
such. as chromosomal aberrations, gene mutations, = certain enzyme
alterations, reduction of lung function, and cther’preclinical‘
indicators should be evaluated as elements in the spectrum of.
health endpoints of possible concern.

' 3.5.2.3 Defining Dose-response Relationships -

It must be remembered that any "response" defined‘and assessed
in a dose-response analysis, represents the mean value of a set of
responses that often follow a log—normal .digtribution in the -
,exposed population.  -Within &-large -population ‘there may ex1st
families (defined by host characteristics) of dose-response curves,
that are shifted to the right or left of the "jdeal" curve and that -
have different slopes. The consequence of. this- phenomenon would be
the 1nab111ty to identify a "populatlon threshold "

It may be concluded from the. foreg01ng that 1dea1 dose-
response data for a toxicant should meet at least the. fcllow1ng

" criteria: 1) the response should be a ‘quantifiable endp01nt and

should be known to represent, in a health framework, an 1nterpre—
table observation; its implications should be well enough under-
stood for the making of meaningful predictions with . reasonable
‘accuracy; 2) it should be known to what extent the response depends’
on total (integrated) dose, single dose -or multiple doses, and on
the dose-rate; 3) qualitative information on the target site of
‘action of the toxicant must be known, e.g. what organ, organ
system, tissue, cell, or cellular mechanism is affected; 4)
quantitative relationships between the amount of chemical at, and
its effect on, the’target nmust be known, both with regard to
exposure conditions and with regard to the target/tissue dose; 5)
because there are different exposure scenarlos fcr different
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toxicants, the interrelationships and correlations between
different scenarios must be known well enough to allow extrapola-
~ tion from one scenario to another; and 6) it should be known
-~ -whether the reépdnééﬁmay”be*modifiedywor~bewsubject to modification
in subgroups of the population at risk, whether or not it is
reversible, and whether it may be modified by other agents or by
‘other bidlogical'circumstanceS‘(e:g.‘concomitant-disease). ."

Although, in general, the .above information-is-available on
the acute effects of many chemicals, including drugs, pesticides,
certain metals, inhalants (such as CO), and other agents of
environmental concern, much less information is available on the
chronic toxicity of such agents. Evaluation of chronic dose-
response relationships entails additional problems as well, some of
which are discussed briefly in the following.

_ Chronic dose-response data have usually _been obtained,
construed, or evaluated on the assumption- that the .relevant
exposure has occurred continuously at a more or less constant
level, and that ‘the resulting effect has been cunmulative and
irreversible. Most animal studies dealing with chronic .toxicity
have been designed “this 'way, and in the assessment of chronic
effects in humans, the dose “is ‘usually -estimated. from exposure
conditions and -integrated over -the presumed exposure time.
Exceptions however, include studies providing the basis for some of
the ambient air quality standards (e.g., ozone)-where human dose-
response 'data derived from acute exposures have been used to

. estimate the dose-response relationship and, more importantly, the
no-effect level for'chronic.exposure.(Lippmann, 1989). While this
‘approach has its. uses, one-must%not»forgetwthat-it'ignoresmthe.

 possible influénce of the duration of exposure. Thus, estimation ' - "~

of chronic dose-response relationships is extremely'complex_for'
many reasons, not the least of which the influence of time.

. There is a substantial body of knowledge on the pathogenesis,
evolution and eventual outcome of chronic diseases in man. Cases
in point include chronic obstructive lung disease, ischemic heart
disease, certain degenerative lesions of the central and peripheral
nervous systems, infectious diseases and .the natural history of
many cancers. Understanding of the relationship of exposure to
environmental agents and causation of disease is fragmentary,
however. Even for experimental animals, there is a comparative
paucity of descriptive, let alone mechahistic,'inférmation on many
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of the relevant disease entities. This is paralleled by the
. limited database on the toxicokinetics of most chemicals under
conditions of chronic, low-level exposure. Few if any chronic
-studies address questions ~such as recovery of tissue damage- or
cellular repair mechanisms or the effects of 1nterm1ttent—versus—

, contlnuous exposure condltlons, factors that may well be critical .
“determinants in‘inducing chronic- disease states. -In animal. models

generally, and in toxicology in particular, chronic disease is not
‘thoroughly studied. Cancer may be the exceptlon, at least in the
" pre—oncogene- area.

 Few experimental studies address the question of what happens.
once- exposure to a given chemical ceases. Yet we know from the
epidemiology of c1garette smoklng that cessation of exposure may
dramatically alter the risk of developing what might be an
otherwise unavoidable outcome. Furthermore, chronic dose-effect
estimates often fail to consider the 1mportance of dose rate. It
is generally assumed that chronic effects are proportional to the -
‘cumulative dose 1ntegrated over time. It is concelvable, however,
that the rate "at  which" exposure to a chemlcal occurs is more
important in determining- effects than is total cumulatlve dose. In
low level ionizing radiation studies, dose-rate is -an. 1mportant
determinant of the induced effects (Upton, 1984). Tt may become
equally important to consider the role of dose-rate in assessing
risk from. exposure to such environmental agents as, for example,
the criteria air pollutants.

Estimations of chronic dose-response relationships are usually
based on the assumption that the toxicants in question act alone.
:Yet a given chémical may cause no untoward: eifects unless a second-
insult is superlmposed. Most human exposures 1nvolve complex7
mixtures, but there are few data on the nature and magnltude of
toxicological interactions between 1nd1v1dual components (Waters et
al., in press; Vainio et al., in press). Epidemiologic data on
interactions which may modify risk estimates for cancer are limited
to smoking in conjunctlon with asbestos, radon, and nickel (re-
spectively) . Anlmal experiments have shown 51gn1f1cant interac-
tions (e.g., between ‘carbon tetrachloride and certain alcohols and
between cancer initiating and promoting agents). ' However, -the
database here is limited as well. Thus, although the NOEL's or
AID's for the latter usually include a safety factor of 100 or
1000, it is not known whether the effect wof —interactions, in
combination with the many other variables theoretically "covered"

29



by safety factors, will exceed those margins of safety. On the

other hand, some of the National Ambient Air Quality standards,
. such as those for ozone, have little or no margin of safety (CASAC,

*1989, Lippmann, 1989) and modest degrees of interaction may be very
important. E ' ‘

" While efforts to’ estimate cumulative exposure throughj’the
" measurement of biomarkers .constitute a:promising ‘approach, major
uncertainties in their ‘utility~- continue to exist. Ideally,
measurement of a biomarker of . exposuré dose or effect should
provide an index of total exposure over