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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
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" 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

12



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

19



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

27



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"
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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 a. period of time. In -
pharmacokinetic studies, by comparison, it is not possible to
estimate total exposure from one single measurement. Whether this
will become possible with biomarkers remains an open question. Two
major problems to be resolved concern the biological half-life of
cach biomarker (there is little information on the relevant repair
and recovery mechanisms) and the extent to which a given biomarker
is predictive of a subsequent biological effect. '

3.3.2.4 Su_mmé;zv
_ Some “of the problems. i:nvo_lvéd in the iht’e‘rpretatibn of dose-
effect or relationship in risk assessment-.can:.be. summarized -as.

follows:

a) cancer Although the database on do'se-respcin_s'e relation;
ships for carcinogens that has been obtained from both animal and

‘human studies is- comparatively strong, there is considerable .~

uncertainty on how to extrapolate from high doses to..low doses and
from animals to humans. Ccurrently accepted opinion’ recommends that
a non-threshold model be used for assessing the carcingbgenic risk
that any chemical or physical agent may pose to the general pop-
‘ulation, but the validity of this model remains to be determined,
as does the particular form of the model and species scaling factor
that may be appropriate for a given form of cancer and for a given
carcinogen (Upton,1989). At intermediate-to-high dose’ levels,
effects on cell proliferation kinetics may "promote" or otherwise
enhance carcinogenesis in ways that do not occur at lower dose
levels, thus complicating extrapolation to the low-dose domain.
Unfortunately, it may never be possible to prove the absence or
existence of thresholds as demonstrated by the so-called "ED,,"
study involving more than 20,000 rodents "which ‘was unable to
confirm the shape of the low dose—responsé cui:'ve below a one .
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- percent tumor incidence (Littlefield et al., 1979). In short, the

scientific community is divided-in its views of the feasibility of

;mquantitative‘riSK'estimatioh-for cancer, owing to_the‘uncertainties
involved. : ' - ’

b) Non-cancer The database for non-carcinogenic effects is

"eitenéive'fér*acutefexposures'but-much less extensive .for chronic
exposures. No conceptual problem precludes recognition. and/or
assumption of experimental thresholds  for many such effects;
" however, as discussed above, major gaps in knowledge exist, con-
cerning population thresholds. As far as animal studies are
concerned, few chronic studies have been designed to deal with
endpoints other than cancer.  Also, there is a paucity of chronic
toxicity data on the reversibility of the reaction process and on
" the importance.of the dose rate in relation to the total cumulative
‘dose. Human studies have been useful in detecting and confirming
~ some types of ‘health hazards, but the -observations are often
difficult to interpret because of‘scanty-information concerning
- over-all dose, tissue dose, dose rate, existence of multiple
endpoints, exposure, to"additional»chemical or physical agents,
preexisting disease conditions, and other variables Which'contrib—'
ute to.interindividual variations;j;Given-thesqxisting_gaps in our
knowledge, caution should be - exercised. in -qualitative .and..quan-
titative risk estimates. S

Finally, consideration must also be given to the question as
" to how risks for non-cancer health effects are best elucidated. A
possible strategy has been suggested by DollgandfPetov(1981).for,
cancer. In their landmark paper, .these authors discussed two
possible strategies to explore the etiology (and;,hence, risk) of
cancer: the "mechanistic" strategy, that investigates the biology -
of cancer in order to make predictions, and the. "plack box"
strategy that identifies. the cancers that occur in the population -
and then looks for epidemiological clues as to their etiology. In
the view of the authors, the "black box" approach was considered to
‘be more likely to yield important clues quickly. It might be
appropriate, therefore, to conduct a similar analysis of "environ-
mentally caused," non-cancerous diseases, aithough the wvital
statistics for such diseases are relatively incomplete in. com~-
parison with those for cancer. Moreover, Doll and Peto themselves
acknowledge the uncertainty in their "guesstimates" of the percent
of human cancer attributable to various sources. In the absence of
more complete information, the -contribution of environmental
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toxicants to the total pburden of illness in the population will
remain highly uncertain, as will the corresponding risk as-
sessments, such as those presented in the UB report.

3.3.3 Assessment of Severity of Impact ‘

3.3.3.1 Introduction

The 1987 @ UB report, -addressed four major -types of ‘risks:
cancer risks, non-cancer health risks, ecological effects, and
welfare effects. The report provided- only a ‘brief rationale for
these categories; the four types of health .and environmental risks
were considered to be "major" and to be risks that were in
existence at the time the report was prepared. No attempt was madé
to rank these four types of risk qualitatively or quahtitativeiy
against each other. ‘ : o ,

The cancer risk considered by the cancer Risk Work Group was
- apparently overt malignancy and not intermediate indicators of
carcinogenesis, - such as ‘dysplasia or ‘metaplasia of epithelial
' membranes. The coverage of the Non-Cancer Risk Work Group was
broad and “included -‘eleven--types -of - effects: . cardiovascular,
 developmental, hematopoietic, immunological, "kidney, - liver,
mutagenic, neurotoxic/behavioral, reproductive, respiratory, and
"other." The effects addressed by this group were heterogeneous, -
including indicators of exposure (e.g. mutagenicity), indicators of
injury (e.g. lung injury)- and the presence :of - frank disease and .
even death. " Through the application-of a ‘ranking -of organs with
regard to importance to 1ife and of the severity ‘of the endpoints,
an attempt was made to provide an overall ordinal grouping of the
endpoints. The Welfare Risk Work Group also addressed a variety of-
effects, including aesthetic values. ) : S '

In considering the approach used to develop the 1987 UB
report, the overall choice of the four major risk categories noted
earlier remains appropriate as does the decision to avoid a
comparative ]:fanking of the four types of risk. A process for
establishing the ranking has not been developed, and appropriate
criteria would not be wholly scientific or medical but would in-
corporate prevailing social values. For the health risks, place- .
ment of cancer and non-cancer risks within a single framework
appears theoretically feasible, using indice‘s,"'of"s'evérity common to
all diseases, such as extent of interjference with function or
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probability of mortality, as indices for comparison. However, one

" must question such functional and clinical criteria as not covering

the full spectrum of adverse effects (i.e., excluding subtle pre-
- glinical manifestations of disease occurring at earlier time-points
along the continuum between exposure to. toxic substances and

clinical diseases). As mechanistic information becomes available,
" i .is 1likely -that earlier- occurring molecular- or biochemical
changes (such as alterations in oncogenes Or enzyme inhibition-in
neurologic disease), will supplant conventional endpoints,.allowing
a preventive approach in priority-setting. Therefore, "inte-
rference with function" should be broadly defined  to include
- piochemical ‘or molecular alterations established as indicative of
the disease process. This section corisiders measures of the impact
of environmental risks on individuals and on populations.

3.3.3.2 Impacts on Individuals

The effects of environmental pollutants on individuals may be
assessed on distinct axes that measure effects such as comfort,
functional status, and exposure status. While these axes overlap
to an extent (e.g., the presence- of -disease necessarily signals the
presence "of a disease p;bcess),~they,offer3a'nmltidimensibnal
framework for considering the impact of pollutants. '

- The relative rigk of disease--that is, the rate of occurrence
of disease in exposed persons, as comparéd with that in non-exposed
persons—-is the most widely applied measure of impact on individ-
" wals. The risk -associated with exposure may ‘also be expressed as
the cumulative lifetime probability of disease, and contrasted with
the lifetime risk-in the absence of exposure. For individuals, the
strength of the exposure-disease association is measured by the
divergence of the relative risk from-the no-effect‘ﬁalﬁé of unity.
Small increments of risk, perhaps a few percent to about 20
percent, are not detectable in epidemiologiéal studies because of
statistical uncertainty. Thus, epidemiological data.have.generally'
provided direct evidence for adverse effects-at increments of
relative risk of about 50 percent or more. The consequences ' of
exposures associated with lower levels of relative risk are often
estimated by extrapolation. In-considering-thé risks for specific
individuals, factors determiriing susceptibility must be addressed,
as specific host characteristics or exposure to other agents may
have significant interactions with the exposure of interest from
the biological and public health perspectives. ' -
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The occurrence of disease, or even death, in association with
exposure to an environmental pollutant provides an 'unarguable
indication of effect. On the other hand, a pathophysiological
- process may be detectable, even though overt disease is not
present. For example, lung function decline over time in -excess of

. . the usual ‘loss associated with aging might be detected in.- an

individual who has no evidence of overt lung disease. Similarly,

bronchoalveolar lavage may show an inflammatory response in

asymptomatic subjects exposed to “an .inhaled pollutant (National
Research Council, 1989). - ' . '

_ Biological markers  of exposure -dose and . effect represent
another approach for characterizing the effects of pollutants on
individuals (National Research Council 1989). Markers of exposure
jindicate only that an agent has entered a physiological compartment
‘and their detection does not signal the presence of disease or
necessarily of injury. Some markers have. sufficient sensitivity
and specificity to identify exposed persons with a high degree of
‘certainty. For example, cotinine, the major metabolite of
. nicotine, ‘can -be: readily measured 1in blood, saliva, and urine.
High levels are produced by active cigarette smoking, whereas low
levels may result from involuntary -exposure to . tobacco smoke;
nonsmokers without any - involuntary ' exposure: to environmental
tobacco smoke do not have detectable levels of cotinine in body
fluids. A particular level of cotinine does not imply that a
smoking-related disease has occurred or will occur. By contrast,
a certain level of blood lead not only is indicative of exposure
but likely predictive of disease. o

Functional status provides an overall measure of the impact of
" exposure; the potential dimension of effect spans from~ minimal~
interference with performing one's job and activities of daily
1iving to severity disability and death. . Effects on well-being
have become an increasingly prominent concern of the public. The
range of impacts is broad, potentially -including concern over
aesthetic degradation of the environment, changes in behavior, and

fear over the potential consequences of real or perceived exposure.

For any of these dimensions, the_distinction.between nadverse"
and "non-adverse" effects needs to be made. - The judgment concern-
ing adversity incorporates not only medical criteria, but the pre—'
dominant societal values at the time the_decision'is made. Thus,
judgments as to the adversity of effects should not be regarded as
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 fixed, but as subject to change with - social, political, and
economic conditions. : -

For atmospheric pollutants, the language of the Clean Air Act
forces consideration of the nature of an adverse effect health.

o Por the criteria pollutants, the Administrator of the Environmental

- protection Agency must set national primary ambient air quality
standards that will protect the public health with "an adequate
margin of safety." Section 112-of the 1977 Amendments requires the
Administrator to regulate v"hazardous air pollutants," those not
covered by the primary standards put "... which may reasonably be
anticipated to result in an increase in mortality or an increase in
serious irreversible, or incapacitating reversible illness." The
Clean Air Act does not explicitly define adverse effects on public
'health and welfare. : '

~ This ambiguity in the Clean Air Act has prompted both in-
dividuals and organizations to consider criteria for determining
adverse health effects (Ferris 1978; Higgin5~'1983; American
Thoracic Society 1985). Ferris (1978) noted the judgmental nature
- of this determination and the difficulty of achieving consensus for-
many effects. Higgins (1983) defined an adverse health effect as
", .. a biological change that reduces the level of well being or
functional capacity." The report of an American Thoracic Society
committee (1985) on adverse respiratory health effects turned to
"medical significance" as the criterion. for determining the
adversity of an effect. The .committee provided a hierarchical
"1listing of potential respiratory effects:without making a spedific
demarcation between adverse and non-adverse;. the range of effects
was' from increased mortality to odors. B

The issue of separating adverse from _non-adverse health
effects remains topical and arises throughout this report. The
development of .increasingly sensitive markers of exposure dose,
preclinical effect and injury can result in the identification of
potential effects of uncertain biological significance. The
efforts of the American Thoracic Society and others to develop
methodologies for establishing the adversity of health effects need
to be continued. ~With a goal of prevention, there is a strong
rationale for using the most sensitive indicators of early response
that can be identified. ‘ C '
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Epidemiological study designs are the principal approach used
to directly characterize‘the'effects,of environmental pollutants on
jndividuals (National Research Council 1985). For environmental
'p611Utants, the most widely used designs are the descriptive‘study
or survey, the case-control study, and .the cohort study. While
epidemioloqical‘studies have the advantage of directly examining
diseaseMrisks~infhumanﬂpopulations, epidemiology has potential
1imitations that may constrain the interpretation’of,epidemiologié
cal data on environmental pollutants. : Exposures of- individuals to
pollutants may be difficult to accurately measure;j the resulting

misq;assification of the exposures of individuals may bias the
' results of studies towards not finding - associations. between
exposure and disease. Moreover, many of the. dcute and chronic
diseases of concern with regard to exposure to envirbnmental
pollutants are multifactorial in etiology. To accurately describe
the effects of pollutant exposure, it is'. necessary tofcarefully"
measure and control for the effects of the_othervfactors,'e.g.
cigarette smoking, and to consider interactions of the pollutant of
interest with other factors. ' ‘ '

7This section considers the effects’ofAenvircnmentai,pollutanﬁs
dnvindividualsi'itwproposeSwdimensions-along which these -effects
can be gauged as a basis for merging the diverse health endpoints
along a single spectrum; and it considers the approach of the 1987
Unfinished Business report in this framework. '

3.3.3.2.1 Exposure Status

The continuing evolution of approaches for assessing exposure
‘has led to increasing accuracy and sensitivity in the estimation of
human exposures to enVirQnmental‘pollutants. Through the 1980s, "
estimates of exposure were often based on questionnaires, on
measurements of pollution in large geographical regions, or on
other surrogates for personal exposure. However, the development
. of new biological markers of exposure dose and effect, of personal
exposure monitors for some pollutants, and of methods for charac-
terizing the exposures of individuals in specific micro-environ-
ments has provided potentially more accurate measures that can be
used to complement the older approaches (National Research Council
1989; Spengler and Soczek 1984; Wallace and Ott 1982) .. '

The Non-Cancer Risk Work: Group mingied “mﬁtagenicity; an
indicator of exposure (oOr internal dose), with other health
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endpoints in the 1987 report, but did not consider other exposure
measures. More apprdpriately, markers of exposure should be
handled independently from disease indicators.  However, as
 diséussed below}’thé’consideration*of risks “for individuals and
populations should be broadened to include markers of exposure.

oL A AR s e

3.3.3.2.2 Disease Status

' Many“of‘the“endpoints~considered by the Non-Cancer Risk Work
' Group were indicators of response to environmental pollutants, and -
not of overt disease that would produce. symptoms or lead to a
"clinic31’diagnosis. For example, the list of endpoints included
"increased levels of liver enzymes, reduced corneal sensitivity,
pulmonary irritation, nasal cellular irritation, and "decreased
. midexpiratory flow rates. Many‘of_the'endpoints were histopatho-
logical abnormalities: tubular degeneration, hyperplasia, and
. hypertrophy of the kidney, histopathological alterations of the
liver, and giant cell formation in the testes.  While. these
endpoints provide clear indications of damage to target tissues,
interpretation must be placed in the context of the relationship
between each endpoirnt and the likelihood of develo?ing disease.
Measures of disease proceéS*shouldwbeﬁhandled-separately'frdm‘frank
.disease. ‘ ' o

- Indicators of disease status may be variably based on the
presence of a clinical diagnosis, a specific physiological
parameter (e.g., the diagnosis of anemia is based on reduction of
“ the hematocrit, or-another test. For some endpoints, the degree of
diagnostic certainty is generally high, "e.g. lung cancer or
~mchardial'infarction, and the implications of .the diagnosis for
functional status and mortality are well " Characterizedj' e.g.
Legionnaires' disease. The Non-Cancer Risk  Work Group also
addressed exacerbation of the status of persons. with established
disease, such as ischemic heart disease and asthma. Many of the
endpoints considered by the Non-Cancer Risk Work Group were
measures of effects that represented the final outcome of exposure,
but were not disease states, e.g. low pirth weight, oligospermia,
and mucosal atrophy of the respiratory tract. '

The heterogeneity of disease effects considered in the
Unfinished Business Report was recognized by the Non-Cancer Risk
Work Group. An attempt was made through the Toxicity Test Endpoint
‘. severity Scores to rank the effects; an attempt was not'madé'td
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estéblish boundaries between adverse and not adverse. This aspect
of the report would have been strengthened by a sharper'separation
of the various types of endpoints with a clearer. demarcation
~-hetween the causation of ‘disease, the:.exacerbation of disease, -and
other effects. Within the category of effects, however, it is
jmportant. to view individual endpoints as- occurring along a
- continuum and to select those representing early sensitivé effects
of environmental toxicants.

3.3.3.2.3 Functional Status

R A e o e e e

The Non-Cancer Risk Work Group jncluded measures of functional
status among the other endpoints: pulmonary impairment, retarda- .
tion, and learning disabilities. Functional impairment is a con-
sequence of disease and the degree of impairment might have more
_-appropriately been.linked to the causative disease. This aspect of '

 the 1987 report merits reconsideration and expansion.

3.3.3.2.4  Welfare Effects

The  range of welfare -effects . is wide and . .reflective of
-societal responses to environmental degradation by”pollution{ The
potential 1inks between welfare and health effects should not be
dismissed; noticeable environmental changes resulting from
pollution or even the perception of exposure to pollution could
have adverse impact by forcing behavioral modification (e.g.
forgoing activities out—of-doors)7~a1teringwmodd,ﬁcrtcausing‘stress
(Evans et al. 1988). The public's jncreasing expectations of .
“1iving in a risk-free environment undoubtedly fosters the potential
' for welfare effects. ' B e

3.3.3.2.5 Functional Effects _

The caquilityvbf performing one's work and leisure activi-
ties, as well as routine activities of daily living, integrates
both behavioral. and non-behavioral conseguences of pollutant
exposure. At the extreme of adverse effects, impairment,br even
death obviously impact functional status; at the other extreme,
subtle psychological effects may interfere with performance of
. .routine tasks with consequences such as reduced productivity and
increased absenteeism. This dimension of pollutant effects was not
addressed in the 1987 Unfinished Business Report.
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3.3.3.3 ‘Impacts on Populations

'The risks for populations should be addressed separately from

' the “risks . for individuals,~ -although the .dimensions of effect

considered above for individuals remain relevant to populations.
‘For individuals, concern focuses on the likelihood of developing

L4 3isease ' following - exposurej . ‘the relative risk indicates -the

strength of association -at the individual level. ' The population's

- " purden of disease ihtegratésvthe-distributiongof;exposure,;the

inherent susceptibility of the population, and the level of risk
‘associated with exposure. It provides a measure of impact
complementary to individual measures, such as thé'relative risk.
From the public health perspective, exposures asquiatéd with
relative risks that are of acceptable magnitude to many individuals
night yield unacceptable disease burdens for the population for the
population as a whole. Or, conversely, as in the case of benzene
"air emissions, there may be a small number of excess cancer cases
nationwide accompanied by high individual risks.

~

population's burden of disease associated with an exposure. The
population'attributablewrisk;esﬁimateslthe.proportion of disease .in
'a population resulting from exposure (Rothman 1986); its cal-
culation requires information on the distribution of exposure in
' the population and on the excess relative risk associated with
exposure. Risk assessment techniques can also be used to project

the  burden of disease caused by an environmental pollutant
(National Research Council, 1983). ‘ '

Epidemiological data can be used to=desciibe directly the

* The distinction between individual .and. population risks was .
explicitly recognized by the Cancer ‘and Non-Cancer Risk Work.
Groups. Both emphasized the population perspective, an approach |
that seems appropriate in light of the Environmental Protection
Agency's public health charge. However,,agents,placihg a small
number_of»susceptible persons at particularly high risk also merit
emphasis. B C

3.3.3.4 . Synthesis
The selection of ehdpoints'to_charaqterizevthe impact of
environmental pollutants on individuals and on populations poses a

panoply”6f”diffi¢u1t¢Choiceé;'”Exposure—efféct*reiationSvneed.to be
postulated and measurement approaches devised to validly detect the
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anticipated effects. Choices must also be made among the various
dimensions along which effects can be measured. For regulatory and
risk management purposes, it may be necessary to separate nadverse”
from "non-adverse" health effects or to rank effects in terms of
overall impact. "It may also be mnecessary to make Jjudgments
'concerning“the‘relative impacts of pollutant exposures on individu-
-als and on populations. .How-can;risks~incu:red'by individuals be
balanced against the population's burden of disease? The overall
‘disease purden in a population may»be'the-same for a rare exposure
associated with a high relative risk as for a prevalent exposure
associated with a low relative risk. [A definition of the term
" wagverse" and judgments about severity of effects are not purely
scientific issues but involve consideration of social and ethical
factors as well as public perception.] '

Many of these issues were directly confronted -in the Un-—
finished Business Report. The Work Groups left unsolved the’
difficult problem of grouping the various endpoints into a common
framework. As discussed elsewhere in this report, this committee
. considers that this challenging task must be addressed. Potential
scales for qualitatively ranking the various endpoints include  the
brobabilitY'of”developingfdisease'(for echsure status or disease
process), the dégree of associated impairment (for disease status
and welfare effects), and the probability of death (for-exposure
status or disease status). Ideally, these should be‘calculated for

both the general population and for the most sensitive subgroups.

3.3.4 . susceptible/Critical Subgroups
3.3.4.1 Introduction

In principle, efforts to characterize comprehéﬁsively the
risks of environmental Hazards to human health should consider the
potential effects of Variations in susceptibility among individu-
als, an issue that was not addressed in the 1987 UB report. '

If one could depict the response of the entire U.S. population.
to each potentially hazardous‘environmgntal‘exposure,gthere would
be, for each, a distribution characterized by individuals at each.
extreme of susceptibility.  Because this report addresses public
health, it focuses on those individuals who are the most, rather
than least, susceptible. : :
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One explanation' for the increased susceptibility of some
. individuals, of course, is the "randonm" variation in physioloQic
make-up that is jnherent in all biological systems. vRandon", in
_this sense, refers to a quality of unpredictability.

Some variations, however, are predictable. They may be
'ésséciated*withAan*identifiable"physiologiceperturbation (e.g. .an
enzyme'deficiency),‘and/or they may - fall along distinct: sexual, -
racial, ethnic, or other lines.- The~consequences~of such varia-
tions are that the susceptible individuals receive a greater burden
of risk in-a risk area. '

In an era in which we, as a society, are,striﬁing for racial
and sexual equality, as well as sensitivity to ‘the needs of the |
elderly and disabled, the prospect of achieving equal_ protection
for all calls for sensitive scrutiny. In effect, the EPA ack~
nowledged the need to focus on special populations at risk when it
designated a separate .risk area for occupational diseases. This
designation constituted acknowledgment of the disproportionate
 purden of risk -placed on certain occupational groups because of
higher exposures to many hazards. It follows logically that we
should make a distinction+forrotherqgroupswthatmbear-a disprpppré
' tionate burden of risk because of an identifiable susceptibility or
consistent pattern of unequal exposure, as in the case of inner-
city residents and lead, or rural fish consumers downstream from
paper mills. : '

3.3.4.2 ' Types of Suscegtibility variations

‘We advance here the concept of 'biological susceptibility

versus susceptibility due to social/behavioral factors.

3.3.4.2.1 Bioloqical variations in Susceptibilifv

This can be defined as susceptibility'bécause ofvhost factors
(endogenous factors) that heighten an individual's risk of

toxicologic injury to a given environmental exposure. Examples:
(a) Pregnant women, the fetus,vand the nursing infant:

(1) The developing fetal and infant nervous system is

extremely sensitive to fhe effects of 1lead, which
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freely crosses the plaéental barrier and is secreted
~into breast milk. '

(2) Other exposures that have been associated with birth
defects include mercury, and PCBs. Embryonal and
fetal - tissues are extremely. sensitive to ionizing
radiation, especially during critical stages = of
organogenesis. : o

(3) A number of toxicants are actively or passively trans-
transferred from. plasma to breast milk, including
mercury, cadmium, DDT,'PCBS, and related halogenated
hydrocarbons. ’ '

(b). Race or Ethnicity Factors:

Light-skinned whites, particularly those who tan povor-
1y, are at greater risk for UV-induced skin cancer
(silverstone et al., 1970).

(c)(Elderly: By virtue of their.physiology,, the elderly are
-more susceptible to :factors that affect the immediate
physical surroundings. The higher prevalence of chronic
diseases experienced by the elderly also indirectly in-
creases their risk to many of the hazards listed earlier.

(d) children:

(1) In general, children can be seen ‘as being more sus=
ceptible to toxins that require an extended latency
time in order to express their effects, such as
carcinogens. ' '

(2) The developing systems of children are generally view-

‘ ed as more vulnerable than those of adults, as il-

" Justrated by the exquisite sensitivity of children's.
nervous systems to the toxic effects of lead.

A(e) Chronic disease or other medical conditions:
(1),Asthmatics:'a broad range of air pollutanté adversely

affect persons with asthma.
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(2)

(3)

(4)

(5)

m;a
(6)
(7).

(8)

Coronary Heart Disease: individuals with pre-existing
coronary,heart_diseasé have - increased susceptibility
to exposure to carbon monoxide and noise (increas-
ed stress leading to increase in blood pressure,
heart rate, circulating catecholamine and lipids.

Chronic liver disease: decreased‘ability to detoiify
and increased susceptibility: to 'a number of toxins,
including chlorinated hydrocarbons, halogenated
aromatics, etec.’ ' : ' R '

ﬁalnutrition; a diet deficient in calcium, maénesium,
iron, or protein leads to increased dietary 1lead
absorption‘(Mahaffey, 1981) ‘

c-6-PD deficiency: more prone’ to methemoglobine-

(e.g. from nitrate-contaminated well water, food high
in nitrates or nitrites) '

Decreased delta aminolevuliniec acid dehydrase'enzyﬁe
activity (d-ALA -polymorphism) :: more prone to toxic
effects of lead ' ~

Alpha1antitrypsin deficiency::mbfeﬁprone‘tb the pul-
monary effects of tobacco smoke,  and grain dust (Chan
Yeung, 1978). '

Decreased activity of'N—aCetyltransferase: increased.
susceptibility to environmental bladder carcinogenesis

(Cartwright, 1982).

3.3.4.2.2

. Susceptibility Variations Due to Social or
Behavioral Factors

For a given risk area, particular population sub-groups are at
increased risk because of social/behavioral factors that dispropor-
tionately increase their exposure. "Ooccupational groups" can be
considered a category within this framework. ‘ ' -

*“”GeﬁgféphECal“factors’are:a1§o‘eXtremély"imﬁdrtant“with.;espect
to many hazards, such as 1living in high altitude or equatorial
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regions which increases UV radiation exposure from ozone depletion.
These distinctions are, in most_cases,'self—evident. In addition,
for many of the EPA-defined nRisk Areas", geographical considsider-
‘ations are implicit in the construction of the Risk Area. - For
instance, jndividuals living on the coast in an industrial area are

 obviously the most susceptible to "Direct discharges to surface

- water"; likewise, exposure to “hazardous a1r~pollutants"‘folibws

well-defined geographical"distributibns;“'Therefore,wgeographical
factors are not considered directly within this framework unless
" they are. accompanied by other factors that help distinguish
particular population sub-groups (e.g., see section (2) on race

below) .
Examples:

(1) Lifestyle factors (particularly ‘with respect to cancer):
- Alcohol Ingestibn:'alcohol has been shown to enhance the
toxicity (primarily heptotdxicity)_vof"severalA halogenated
hydrocarbons, including carbon tertrachloride, chloroform, and
methylene chloride (Hills and Venable, 1982). A synergistic
interaction between alcohol’ ingestion and inhaled vinyl
chloride for the- induction of angiosarcoma of the liver has
been reported in rats (Radike, et al., 1977) . ‘

Cigarette smoking: increases cancer risk  from radon and as-
.bestos exposure (see Appendix section 8.1.2). It may also
increase cancer  risk from arsenic exposure (Steenland and
Thun, 1986). . There. is a suggestion that heavy. urban air

pollution can add to the risk for lung cancer in smokers
- (Jadrychowski, 1983). ' :

Dietary habits: (excluding malnutrition--see section 3.3.4.2.1
(e) (4)) in epidemiologic studies, intake of specific nutri-
ents has been associated with varying risks' for cancer, €.9.,
intake of vegetables and fruits has been inversely related to
the risk of lung cancer in many studies, perhaps through the
protective effects of beta-carotene (Willet, -1990). Nutri-
tional intake may also modify the human response to environ-
mental carcinogens, but little data is  yet available to
evaluate this possibility. ’ ‘
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Sun exposure habits: total sun exposureAincreases the risk of
non-malignant skin tumors and cataracts. wBursts" of sun
exposure increases the risk of malignant melanoma.

(2) Sociofeconomic Factors:

f“(a)"*Rurél‘Hispanics are'disproportionately'exposed to pesticiaes
' due to their concentration in agricultural jobs, and residence
in areas heavily exposed to pesticide spraying.

(b) Due to their concentrated residence in urban areas with
‘ deteriorating, old housing stock,. African ‘Americans and
Hispanics are disproportionately exposed to lead (from lead
paint) . ~ ) : '

(c) Some groups l1ive in subsistence economies. relying heavily on
fish. They would be disproportionately suscepﬁible”to hazards
involving dis¢harge pollution of estuaries, coastal waters,
oceans, wetlands, surface water, etc. '

3.3.4.3 ~ Identifying Susceptible Subgroups Acdording to Hazard
' of EPA “Risk Areal’

- It is difficult to append sections on special susceptible
_populations to the existing structure that EPA chose for organizing
this risk reduction exercise. Some of the EPA-defined "Risk Areas"
" are very broad, and have a considerable amount of overlap with
regards to specific toxins. Other Risk Areas are poorly defined.
with respect to specific substances. '

3.4 preatment of Uncertainty

From the foregoing, it is apparent that the assessment of
environmental risks to -human health is complicated at virtually
every step by potentially large uncertainties in: 1) numerical
values of measurement or other quantities affecting the risks; 2)
the modeling of exposure and/or toxic responses; '3) temporal,
spatiai, and inter-individual variations in:susceptibility; and 4)
the quantification and comparison of societal‘and.persohal measures
of risk. To the extent that the utility of a risk assessment may
be limited by any or all of these uncertainties, each should be
addressed explicitly in’ the design, conduct;Winterpretation, and
reporting of the assessment. The relevant problems, many of which
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are discussed in other sections of this report, have been consid-
_ered in further detail elsewhere (ed, Finkel, '1990; Zackhauser and
Viscusi,1990).

3.4.1 Parameter Uncertaintg

. Uncertainty in the numerical values of quantities.affecfing
risks may result from: 1) errors in measurement, owing to impreci-
sion in instruments or human mistakes; 2) misclassification of
data; 3) random Or sampling error; and. 4) systematic errors in
data?gathering'or,analytical techniques. Each of these sources of
uncertainty has its own causes, - the remedies for which must be

addressed specifically. .
3.4.2 Model Uncertainty

In modeling exposure patterns or respénse to toxicants, error
may result from: 1) failure to measure or include the correct
quantities (e.g., nsurrogate” variables); 2) exclusion or faulty
‘treatment of significant (e.g., confounding) variables; 3) use- of
a model that is not of the ‘correct form or structure (a major.
controversy in environmental risk assassment_has»concerned the
selection of the appropriate model for estimating the risks
attributable to low-level exposure  to carcinogens; predictions
derived from different models may differ by many orders of
magnitude) (Krewski and Van Ryzin, 1981).

3.4.3 Dncertainty Due to Inter-individual Variabilit

As mnoted above, inter-individual variations in exposure
patterns and in susceptibility may be due to age, sex, occupation,
socio-economic status, dietary practices, smoking habits, 1life-
styles, and other influences. For most environmental toxicants,
knowledge of the effects of these variables on human susceptibili-
ty, and to a lesser extent on exposure, is still limited. As a
consequence, risk assessments applicable to human - populations
involve uncertain assumptions about the distribution of differences
among individuals. . ”
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3.4.4 Uncertainty in ouantifying and Comparing Measures of Risk

Because risks can be expressed in .different ways, which
determines how they are perceived, there is frequently uncertainty
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in the choice of the appropriate measure of risk to use in
comparingAdifferent risks. 1f, for example, years of life lost
were considered as a relevant measure of risk, then a fatal effect
in a young person might be given more weight than the same effect -
-in an older person. gimilarly, a 107 lifetime risk of death would

predict no attributable fatalities -in a population . of 1,000

'**pefséﬁs;’but-ZS,OOO'attributable fatalities in the -U.S- population

as a whole. When the comparison among risks involves different
kinds of health effects--e.g., cancer vs. mental retardation--the

problem is complicated even further. Because ambiguity in the
" criteria for deciding which measure of risk is appropriate in a
given situation will lead to uncertainty in the assessment,.
decision rules for addressing the problem have been‘proposed,(e.g.;
Milvy, 1986; Machin, 1990).°
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keducibilit of Environmental Risks to Health

Reducibility of Environmentas Z2L=22 == S=Ss==

4.0

Although the risk to health from any. given environmental
toxicant can be lowered by reducing the extent of exposure to -the
toxicant, some'toxicaﬁts-—é.g.,\carcinogens——cause,effectS‘thatxmay
not become manifest until years or decades after exposure. With
mutagens, likewise, the heritable damage to réprodugtive cells may
affect offspring of the exposed person many generations later. In
the case of toxicants causing such delayed- health outcomes,
therefore, cessation of exposure does not abolish risk immediately.

By the same token, stopping the release of a toxicant at its
source does not suffice to prevent exposure to any levels of the
toxicant that may have been.previously'released to the environment.
In the case of long-lived toxicants, such as heavy metals, PCBs,
asbestos, and long-lived radionuclides, indefinite persistence in
the environment and.the possibility of bioaccumulation in the food
chain further'complicate current risk-reduction efforts, as does
persistence in the tissues of persons who may already have been
exposed. - ~ -

In light of the foregoing, evaluation of the reducibility of
' the environmental risk posed by a given environmental toxicant must
take into account the time over which different risk-reduction
strategies may be effective; the potential for long-term risk
reduction must be weighed along with that for short-term_reduction.
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5.0 Review of The Health Risk Rankings'in
The wuUnfinished Business_ Report"

5.1  Methodology

'In the "Unfinished Business" Report, as noted above, various
‘environmental problems were examined for their risks to the health
of persons residing in the U.S. Two categories of risk were
considered: 1) risks of contributing to the .occurrence of cancer
and 2) risks of causiné other adverse health effects. The
information used in that report was not based on new research
undertaken expressly for the purpose, but was extracted from risk
assessments conducted previously by EPA in sﬁpport of other Agency
"activities. : ‘ : ,

The 31 environmental problems considered in the "Unfinished
~Business“.report.were-selécted,primarily on the .basis of their
relevance to the Agency's‘regulatory mandates and programﬁati¢
organization. Because they included various sources of pollution,
various pollutants themselves, various exposure media, and various
situations involving human exposure (Table 2.1);~their~diversiﬁY'
complicated ranking them for their relative risks, as discussed
below. The ranking was also'complicated by inconsistencies in the
methods and assumptions that had been used by the Agency'in its
earlier assessments of the different problems.

. For virtually all problem areas, the risk assessments were -
severely limited by uncertainty about: 1) the relevant extent of
‘human expgsﬁre (in some instances, the assessments were based on
‘only a small percentage of pertinent chemicals); 2) the toxicity of -
the agents in question (eg, NAS, 1984); 3) the appropriate dose-
response models to use for estimating the risk relevant to ambient
exposure levels; 4) the extent of‘variations‘in,susceptibility with
'species, age, sex, and other variables; 5) and the extent to which
the relevant dose respornse (s) may be nodified by exposure to other
chemical or physical agents. All numerical estimates of numbers of
individuals harmed need more careful examination to determine
consistency and comparability for risk ranking purposes. i

5.2 Rankings for Risks of Cancer

In spite of their large uncertainties, the estimated risks of
'cancer posed by the different problem areas were ranked<in
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Table 5.2 "Unfinished Business"
risk rankings for the identified environmental problem areas

Report Eigh‘and Medium-to High cancer

numerical order, problems estimated to pose the highest risks being

assigned to category 1 and those judged to pose smaller risks being

assigned~t0rlowervcategoriésf.Table 5.2 displays.the, . UB report's

B TR

category 1 "High Risk" and category 2 "Medium-to-High" assignments.

Although in-depth reassessment or updating of the rankings was not
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‘possible within the time that was available to the Subcommittee,

each of the rankings was reviewed with care. For reasons discussed

L2OL Ledotlllo Moo womomes

in previous sections, the rankings in the UB report were considered
py the Subcommittee to be tenuous in view of present limitations in
the methodology and databases needed for quantitative estimates of

Y e it

the cancer and non-cancer risks attributable to each category.

salient comments, primarily addressing the "high" rankings, -
are summarized in the following section.

criteria -t ool

' 5.2.1 criteria air Pollutants

Criteria air pollutants were ranked comparatiﬁely mow" for
cancer risks in the nynfinished Business" report, mainly because
the air pollutants that were known to be carcinogens had .been
assigned to other problem areas. ‘However, it should be noted that
the same photochemical reaction sequence that leads to ozone
formation in the atmosphere produces a broad range of vapors and

particulates that are known carcinogens. =~ In addition, inhaled

‘nitrogen .oxides contribute to nitrosamine formation_ig»vivo,-and

lead is classified as a B2 carcinogen. While no cancer risk has
yet been attributed conclusively ‘to other criteria air pollutants,
mechanistic. studies, many of them with in vitro systems, suggest
that ozone and perhaps other criteria air pollutants. possess
mutagehic.and/or‘carcinogenic potential (Witschi, 1988). As far as
ozone is concerned, the long—terx;'National Toxicology Program
biocassay of ozone is not yet complete, and earlier studies on the

“induction of lung~tumdrs'in'mice are equivocal."hother studies have -

implied'that'under'appropriate,experlmental-conditions carcinogene-

sis in the respiratory tract of the rodent may be enhanced by ozone
(Hasset et al., 1985; also see the Ozone Case Study in section
8.1.1)fand, possibly also by S0,, although a recent experiment has
failed to confirm the enhancing effects of the latter (Gunnison et

.al., 1988).

HazZzallOuo Hll S¥so -

5.2.2 °  Hazardous Air Pollutants

This problem area was ranked relatively high for cancer risk,
on the basis of the estimate that 20 of the known human and animal
carcinogens to which people may be exposed by inhalation can be
expected to cause some 2000 cancers annﬁally‘in.the U.s. [It was

also noted that individual risks can be high];'”Althbugh~additiona1
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information has since become available, itldoes'not-appeér to
affect the over-all qualitative assessment of high risk. ‘

'5.2.3 Oother Air Pollutants
By'definition in the UB report,Vthis problem area, wh}ch
included fluorides, total reduced sulfur, and other air pollutants
not assigned elsewhere, excluded all substances posing known or
suspected risks to human health. For this reason, it was not
" ranked for. either cancer or non-cancer risks to health in the
wgnfinished Business™ report. It is noteworthy, however, that
_these air pollutants can exact health effeCts (e.g.,_sulfuric acid
aerosol, both by inhalation and by  mobilizing toxic metals in
~drinking water sources). Hence, they should be assessed.

5.2.4 Indoor Radon

A "high" cancer risk ranking was assigned to indoor radon in
the "Unfinished Business" report, based on the estimate that it may

" cause 5,000-20,000 lung cancers annually in the U.S.  This
_assessment, although uncértain, was considered reasonable by the
subcommittee (see Case Study on Indoor Radon, section 8.1.2).

5.2.5 . Indoor Air Pollutants Other Than Radon’ '

This problem area was ranked "high" for cancer risk, on the

pbasis of the estimate that only seven spe01fi¢ pollutants (tobacco
smoke, benzene, p-dichlorobenzene, chloroform, carbon tetrachlo-

ride, tetrachloro-ethylene, and trichloroethylene) may account for
'3,500+~6,500 cancers each year in the U.S. population. With the

possible exception of env1rqnmental tobacco_smoke hpwéver, the
relevant exposure and exposure-response relationships are not well
‘characterized for such pollutants. :

5.2.6 Drinking Water

The cancer risk ranking assigned to this problem area in
ngnfinished Business" was "moderate", on the basis of the estimate
that only 23 of the known pollutants, may cause 400-1000 cancers
annually in the U.S. population, most of which are attributable to
radon (30-600) and trihalomethanes (322{. Althoughzthe‘methodology‘
‘used to estimate’ the risks .was Jjudged by the Subcommittee to be
reasonable, the estimates must remain highly uncertain in the
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absence of adequate information about exposure and the relevant
exposure—response'relationships.- Furthermore, petroleum—related
chemicals, such as benzene, xylene, toluene, and many pesticides,
‘do not ‘appear to have been considered, althbugh they are found in
drinking'water not infrequently, especially in private wells. The
'riské should be reexamined using the new exposure’ data from EPA's
recent groundwater pesticide survey. -

5.2.7 ' pesticide Residues on Foods

A "high" cancer risk ranking was assigned to this problem area
in "Unfinished Business", based on the estimate that about 6000
cancers per year in the U.S. population'were attributable to the
ingestion of pesticide residues on foods. This estimate, derived
from assessing the risks of.seven_pesticides with oncogenicity for
rodents, was extrapolated to cover all other pesticides in use, on
" the assumption:thatvroughly one-third (200) of them were potential-
ly oncogenic. The estimate, although not inconsistent with
independent estimates based on similar methodology (e.g., NAS,
" °1987), rests ‘almost entirely dn uncertain extrapolation of
* carcinogenicity data ' from animal experiments,:K .on fragmentary
jnformation about the extent of human exposure to the pesticides in
question, and on uncertain assumptions about duration-of-life
levels of intake of such substances. The UB analysis contained a
number of simplifications. Limited data on a handful of pesticides
.was used to represent the more than 300 pesticides -in use on food
crops today. The report_assumed'that residues of pesticides in
" various foods were present at the maximum~pérmissible concentra-
tions (TMRC) . ‘It would have been preferable to use the TMRC times
‘' the percentage of ~crops treated, times consumption, based on the
updated Tolerance Assessment System to indichte an upper bound on
exposure. One should also estimate exposures to both the average
and the most exposed populations (e.g., the “infant  and young
child). The risk assessment did not include carcinogens such as
methylene~chloride, benzene, and vinyl chloride, which in some
cases represent a significant percentage by weight of the relevant
formulations. : : . '

5.2.8 ‘application of Pesticides
This problem area was assigned a “querate":ranking for cancer
risk in - the "Unfinished Business" report, based on . the estimate

that 100 cancers in pesticide applicatorS"each.'year' could be .
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- attributed to their occupational exposure to carcinogenic pesti-
cides, judging from risk assessments on 6 pésticides found to be
oncogenic in rodents. Although the estimated number of cancers was
--gmall, the risks to individual workers were considered to be high.
Because estimates of the carcinogenicity of pesticides for humans
- are based almost solely on uncertain extrapolations. from animal
data, the estimates are highly uncertain. : -

5.2.9 Worker Exposure to Chemicals
- The ranking assigned’in-"Unfinished Business" -to this problem
area was one of the highest, based on the estimate that 250 cancers
each year in occupationally exposed workers are attributable to
only four chemicals (formaldehyde, tetrachloroethylene, asbestos,
and methylene chloride) of the more than 20,000 chemicals to which
they may be exposed. Although the: total number of all such
occupationally related cancers was not calculated, the risks to
some individual workers were judged to be high. The Subcommittee
considered the UB report'S"ranking to be reasonable, especially in
view of the fact that the workplace is a source of potentiélly
" toxic agents, so that when exposures occur there, they will tend to
be higher, in general, than in environmental settings outside the
workplace. At the same time, however, the.es;imates were Jjudged to
rest on relatively fragmentary exposure data 'and on ihadequate
knowledge of the carcinogenicity and carcinogenic potency of most
of the chemicals and combinations of chemicals to which workers are
currently being exposed. ‘ ‘

In considering this ranking, the,Subcommittee was cognizant
of the previous estimate (Doll and Peto, 1981)1 that 2-8 percent
of all cancers in the U.S..population——namely, 10,000-40,000 fatal
. cases per year (with a "pest" estimate. of 20,000)--may be at-
tributed to occupational exposure to _carcinogens, with the
attributable risks of all cancer in ‘the worker population per se
therefore approaching or exceeding 30 percent (Nicholson, 1984)2.
Improvements in worker protection since these analyses suggest that

o .. -dgee~Section 5 “reference #2 - ' -‘ e b e
25ee Section 5 reference #16
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the figures may no longer be applicable. Recent data® do not show
this high an attribution for all cancers; however, they refer to
only a small proportion of the worker population. While the data
noted above do raise the question as to where cancer deaths occur
(an important consideration "for HreguIaticn), they -do not,- by
themselves, contradict the overall Doll-Peto estimates. It would
be useful~if the assessment of.carcinogenic risks to workers were
to be updated. ~ ‘

5.2.10 Consumer Product Eggos@;e

A "high" cancer risk ranking was assigﬂediin vgnfinished
Business" to this problem area, based on the assessment that 100-
135 cancers each year in the U.S. population are attributable to
only four substances (formaldehyde,'methylene.chioride,“p—dichloro—
_ benzene, and asbestos) of the 10,000 chemicals estimated to be
present in consumer products (many of which are also present in
indoor air and other exposure media) . o

Neither -detailed exposure -data nor toxicological data were
provided. to support the ‘assessment.. . LT -

e

5.2.11

Ragiliation ULDh&l e s S

Radiation Other Than Indoor Radon

, A "medium" cancer risk ranking was assigned in ngnfinished
Business" to this problem area, based on the estimate that 360
cancers each year 'in the U.S. may be attributed. to ionizing

- irradiation from occupational exposures, consumer. products (chiefly
puilding materials), and industrial emissions. The exposure data
on ‘which the estimate was based are extremely limited, althcugh'
somewhat better than the data for “most environmental chemical
toxicants. Similarly, the relevant.dose+incidenCe.relationéhip for .
radiation carcinogenesis is uncertain. The estimate was based on
the National Academy's recommended risk models, that have been
derived from analysis of cancer rates in irradiated human popula-
tions (e.g., NAS/BEIR, 1980) and have since been updated’ (NAS/BEIR,

1990) . Depending on the assumptions employed, the new models would
yield risk estimates that are higher by a factor of 2-4. In spite
of these limitations, the Subcommittee considered the ranking to be
reasonable. ' ' E

3see Section 5 references (3)-(6), (iof, (14),‘(17) and (23y
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5.2.12 Depletion of Stratospheric Ozone

"A relatively high cancer risk ranking (seventh) was assigned
in "Unfinished Business" to this problem, based on the estimate
that an additional 10,000 deaths from .skin cancer would result
annually in the U.S. by the year 2100 if the levels of stratospher-
ic ozone continue to be depleted at present rates during the
interim. Although the estimate is based on uncertain projections,
the Subcommittee considered.the ranking. to be appropriate at this
time. Continued surveillance of the situation is called for,
however, since a higher ranking would be warranted if the projec-
tions were to be supported'by future trends in ozone depletion and
'skin cancer rates. ‘ ~ :

5.2.13 Hazardous Waste Sites

A moderately high relative risk rating was ‘assigned to this
problem area in "Unfinished Business, on the basis of the estimate,
extrapolated from 35 of the ‘25,000 sites nationwide, that 1,000
cancders ‘per ‘year -in ‘the U.S. population are attributable to only
six (trichioroethylene, vinyl chloride, arsenic, tetrachloroethyl—
ene, benzene, and 1,2-dichloroethane) of the many - potentially
carcinogenetic substances known to be present at hazardous chemical
waste sites. The ranking was also based on the assessment that the
risks to some individuals can be high.

In the absence of data on the extent of human exposure to the
chemicals in‘question, which were not provided in the:UB report and
which remain fragmentary, numerical assessment of any .associated
risks to human-health is fraught with great uncertainty. The
uncertainty is compounded by the fact that an increase in "the
incidence of human cancer attributable to residence in the vicinity
of a waste site is yet to be demonstrated conclusively (Buffler, et
al., Upton et al., 1989). ' '

5.3 Rankings for Risks of Adverse Effects Other Than Cancer

The estimated relative risks for causing adverse effects other
than cancer, although even more uncertain than the estimated risk -
for causing cancer, were ranked into three categories, 1) high, 2).
medium, and 3) low, as shown in Table 5.3, below. Salient comments
-on the "high":rankings-are summarized in the-following. .
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5.3.1 Criteria Air Pollutants

This problem area was ranked comparatively "high" for non-
.~ cancer risk in the wgnfinished Business" report, and the Subcommit-
 tee ‘agreed with this ranking. It merits a "high" classification
even though levels of some of these pollutants have declined with
the -implementation  of National Primary Ambient  Air Quality
. gtandards. While acute episodes are infrequent for S0,, TSP and O;
. 'short-term concentraions can be high, and chronic effects of.the
criteria pollutants are still a concern. There was no discussion
of the neurotox- pm '
ic/behavioral
effects of lead
in the UB report,
although the lat-
ter are of far-
- reaching .. public
health signifi-
cance in view of
evidence that the
development = of
the human brain
may be impaired |
by lead at levels
resulting from
concentrations
widely prevalent
in ambient air.
on this Dbasis
alone, a "“high"
risk ranking
would have been
amply justified
for criteria air
pollutants. By
and large, the
human health ef-
fects of the oth-
er pollutants in
this problem area
are well known in
terms, of :

Table 5.3 ."Unfinished Business" Report non-

A the gancer risk rankings of the various environmen-
nacute" effects tal problems '
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.*that they may produce during episodes of heavy‘pollution,.and
warrant a ranking of "high." Their chronic health effects are less
well characterized, but are potentially of major health conse-
‘'quence. For example, ‘inhibitory effects on pulmonary clearance
mechanisms also have been documented -experimentally (Driscoll et
al., 1986; Schlesinger and Gearhart, 1987), and other experimeqﬁal
data suggest- that interactions between such -air. pollutants,
particularly acidic aerosols and oxidants such.as ozone or NO2, may
potentiate fibrogenesis and other long-term effectS'(Warren and
last, 1987; also see the Ozone Case Study, section g.1.1). '

Adverse effects of the pollutants on the "quality of 1ife",
that may result through the production of disagreeable;odors, smog,
haze, or irritation, were apparently not considered in the
ngnfinished Business" report. Nevertheless, these effects,
~ although difficult to evaluate quantitatively, can be stressful and

can disturb mood and behavior. o

5.3.2 - Hazardous Air Pollutants

Although, in general, their relevant health effects were not
expected to be severe, this class of pollutants was ranked "high"
in relative risk, in view of the large population that may be
exposed to them and the projected non-cancer -health impacts that.
'were judged to be attributable to only six substances (estimated to
be only 3 per cent) of the many potentially hazardous pollutants in
question. This ranking was not explained in detail. o

' 5.3.3 Tndoor Radon

A "medium" non-carcer risk ranking was assigned to indoor
radon in the "Unfinished Business" report,'based'on’the estimate
that it may cause "200 cases per year‘of serious mutagenic and
teratogenic effects;" however, the eStimated’radiétion-dosés on
which the assessment was based were not specified.' The Subcommit-—
tee seriously questioned whether the relevant doses to the gonads
and to the embryo are large enough to cause risks of the magnitudes
projected (see the Case Study on Radon, section 8.1.2). -

1Nnaoor All oL Lt e s SR e

5.3.4 Indoor Air Pollution Other Than Radpn

The problem was ranked "high" for non-cancer risk in the
ngnfinished Business™ report on the basis of the large extent of
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~populatioﬁ'exposure aﬁd the moderate—to45everevhealth effects that
may be attributable to the types of agents in question.

However, with regard to risk assessment, the issue is still
problematic. For most indoor air pollutants, the needed data on -
- exposure are not available, the health effects are diverse, and the
‘exposure-response relationships are not well characterized. It is
noteworthy, however, that a possible exception to this generaliza-
tion is environmental tobacco smoke, for'whichnepidemiological
investigations have described exposure-response relationships "’
" 1linking illnesses of the lower respiratory system and effects on
lung development during infancy with ' maternal smoking.

5.3.5 Drinking Water

A "high" non-cancer risk ranking was assigned to this problem
area in "Unfinished Business", on the basis of the serious health
effects that may be associated with ingestion of water pollutants
such as lead, microbial pathogens, nitrates, and chlorine disinfec-
tant-by-products. Again, this ranking is based on limited exposure.
- data. ILead used in plumbing may contaminate drinking water at high
levels, and concern is increasing as more is. learned about the
toxicity of lead, especially at lower exposure levels. Also, as
other sources of exposure to lead are eliminated, this source may
be of greater importance even though.water,contaminatibn is usually
intermittent. . Pathogens also continue to be a source of morbidity,

especially in smaller systems that do not chlorinate or adequately
filter surface water. The Subcommittee recommends that procedures
be put into place to enable a better assessment of illness from

this source.

.5.3.6 Pesticide Residﬁesrbh‘Foodg

. A "high“‘non—éancer risk ranking was assigned to this problem
srea in "Unfinished Business", on the basis of assessments of the
potential health effects attributable to only three (aldidarb,
diazinon, and EPN) of the hundreds' of pesticides to which large

segments of the population are potentially exposed: The exposﬁre
and toxicological data necessary to support this=rankihg were not
provided. In future ranking attempts, "it is important to consider
risks to children. _As EPA recognizes, children are subject to
higher exposures and constitute a more vulnerable population than
do adults. A broad spectrum,of‘effects should be considered,
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including neurotoxicity, fetotoxicity, immunotoxicity, and enzyme
alterations. : ‘ '

"5.3.7 Aggliéation'of-Pesticides

The problem area was ranked "high" for non-cancer risk in the

* wgnfinished Business" reportp*dwing to the relatively large.numbers

of persons exposed'(estimatedfat“10/000—250,000),wthe numbers of .
acute poisonings each year-attributed to pesticides.among pesticide
applicators (e.g., 350 poisonings from ethylparathion and 100 from
paraquat), and the risks of other severe toxic effects (e.g.,
fetotoxicity, teratogenicity) that may conceivably occur. .Although
the estimates cannot be evaluated critically in the absence of more
detailed exposure data for the populations at risk, the Subcommit-
tee considered the ranking to be reasonable. :

5.3.8 Worker ExXposure ﬁo Chemicals

The non-cancer risk rénking assigned in "Unfinished Business"
to this problem-area was "high", based on the large population (at

least 300,000 workers) estimated to be exposed to each of the four

substances considered '(zfethoxyethanol,f methylene chloride,
perchlorethylene, and formaldehyde), and the high concentrations of
the substances that may be encountered in the workplace; however,
detailed data on the relevant exposure'patterns and associated
health consequences were not provided. - on .the basis of other
assessments of the incidence-of occupational disease—--approximately

© 190,000 ‘cases were- reported - in 1987 by the -Bureau of Labor

Statistics (Yancey,; 1988; also see Levy and Wegman, 1988), and the

" Occupational - Safety and Health ‘Administration expects 1its new

standards to reduce by 500,000 the number}qf'wbrkdays lost each
year as a result of exposure to hazardous and toxic substances
(King, 1989)--the Subcommittee considered the "high" risk ranking

to be reasonable.

Although the Subcommittee concurred in the above risk rankings
for occupational exposure, the uncertainties in its evaluation
pointed to the need for several lines of effort to  improve such
assessments.
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5.3.9 Consumer Product Exposure

A "high" non-cancer risk ranking'was also assigned, based on
consideration of three such substances (z-ethoxyethanol,_methylene
chloride,and formaldehyde), the large populations exposed, and the
relatively  high concentrations that may be encountered under
‘‘certain - circumstances. Neither detailed - exposure data nor
toxicological data were provided to support the assessment.

5.3.10 Radiation Other Than Indoor Radiation
A "medium" non-cancer risk ranking was assigned in "Unfinished
Business", based on the estimate that- 160-220 of the serious
mutagenic and teratogenic effects occurring annually in the U.S.
could be attributed to ionizing jrradiation from consumer products
and occupational sources; however, the radiation dose estimates and
risk models on which the assessment was based were not presented.
Without further documentation, the ranking cannot be evaluated
critically. There are large uncertainties involved in assessing
'"’the“genetic”(heritabley~and mutagenic risks-attributable to low-
dose irradiation (NAS/BEIR, 1990). - ' - ;

Excluded from consideration in ngnfinished Businéés“ were the
potential risks attributable to low-frequency "‘electromagnetic
radiation. These risks, although as yet equivocal (oTa, 1987),

merit consideration in future assessments of the health hazards of

environmental radiation, in view of the large populations that are .
exposed. o -

Noise was, similarly, excluded from consideration im "U-
nfinished Business." This form of energy, akin to non-ionizing
radiation may also deserve inclusion in future assessments of
environmental health effects insofar as it may, under appropriate
conditions, cause hearing loss, stress, and impairment  in the
"quality of life," with consequent impacts on mood, behavior, and
productivity. -

5.3.11 . Depletion of Stratbsgheric'czone4
A "medium" non-cancer risk ranking was assigned in ﬁUnfinished
Business", based on the estimate that the projected depletion of

stratospheric ozone could  eventually increasethe- incidence of
senile cataracts in the U.S. by 10,000-30,000 cases per year, and
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that it might also cause other adverse health effects, including
disturbances of immunity. : ‘ :

5.4 - Merging of Cancer and Non-cancer Risk Rankings

Any attempt to combine ‘into a single aggregate rank order the

risk rankings for cancer (Table 5.2) and the risk rankings. for
health effects other -than cancer (Table: 5.3) would . . require

" appropriate weighting of ‘the ‘different . risks-for: incidence -and

severity, as discussed below (Section 6.3). . Because. of the

complexity of such a task, as well as the lack of the requisite
data, the development of an aggregate ranking was not attempted by
‘the Subcommittee. In Section 6.3 the Subcommittee proposes two
possible methods for producing such merged rankings. -

It is noteworthy, however, that if the 31 problems were to
~ have been arranged merely on the basis of whether they represented.
either sources of en-vironmental pollutants or . environmental
'situations (or agents) involving direct human exposure, they would
* have appeared in categories such as those shown' in Table 5.4.  The
order in which the rankings appear in Table 5.4. is not entirely
- unexpected since the public health impact of any toxicant depends

3

not only on its toxicity but also on the relevant human exposure. .
Thus those problems representative of proximal. exposure situations -
(Nos. 2, 4, 5, 15, 25, 26, 30, and 31) would logically be expected
to receive relatively high risk rankings for cancer and/or other
" adverse health effects. - It should be noted,- however, that among .
such problems risk rankings for some (Nos. 2, 4,5, 7, 15, 26, and
31) were supported more firmly by the available data than were the
rankings for others.’ ' - : '

Since the rankings shown in Table 5.4. are based on highly
uncertain risk assessments, as noted above, the Subcommittee viewed
. the rank order with reservations. Sufficient time ' was_ not
available, however, for in-depth reassessment of the rankings, that
would probably have been of limited value in any case without more
‘adequate information about the relevant levels of exposure and
toxicity. For optimal refinement of the risk assessments, further
effort must be directed toward developing the necessary databases,
scientific understanding, and methodology, as recommended elsewhere
in this report. Other -comments that should be kept -in mind in
interpreting the table are as follows: -
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1) Risk estimates
for different
exposure and source
categories or
"problem areas" were
not directly
comparable because |
they were often based
on different models
and .assumptions made-
by the various
program offices
involved. '

2) In many cases,
estimates of <risks
for a problem area.

‘were incomplete,
covering only a few
of 'the agents or
exposures comprising
the exposure . or
source category.

3) The assumption
underlying the UB
ranking was that
existing programs
would ~~ continue.
Therefore, under that
assumption, some
problems appeared to :
pose’ relatively 1low gable 5.4 Environmental Problems grouped by

risks precisely exposure and source categories with the risk
because of the high rankings assigned in the UB Report

levels of effort that had been devoted to controlling them (UB, p.
-96) . It is therefore important that future analyses state the
' 's¢ope of the problem without the control assumption.

In addition to these caveats it should be noted that the UB
ranking system did not adequately address the goal of prevention of
risk. This being the goal of EPA, future analyses should include

assessment of subclinical or preclinical -effects of environmental
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agents and should give weight to effects that would affect future
generations. = In this regard, it is also important that risks be
estimated both for thé general population and for the most exposed
or most sensitive sub-populations (e.g., children, those with
preexisting disease, etc.) - Also, certain . factors were excluded

from the UB analysis, including economic oOr technical control-

labilityr of the risks, the degree to which risks are voluntary or

equitable, EPA's statutory or public mandate to.deal with risks,
‘etc.  Translation of risk rankings -into-. public. policy should
explicitly incorporate these factors. in the future.
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6.0 Approaches for The Lpng'-term Development of. Imgroved Risk
Assessment Strategy :

It has long been known that health risks can be associated
with exposures to specific agents and combinations of agents,. and
that such risks can be lessened by reducing the exposures. It
follows that the extent of the risks, and the benefits derived from
risk reduction, ‘can be determined from ‘risk -assessments based on
reliable information about the distributions of ‘exposures among
populatidn groups of interest - and ‘the exposure-response
relationships for such groups. Furthermore, when such information '
is available for a variety of specific a.gents and mixtures, and for
the severity of the various responses they produce, then the variou
s risks can be ranked. The rankings can then be used in the
development of overall risk reduction strategies.

) Unfortunately, the straightforward logic outlined above
reqaires more information than has previously been available.
_Section 6.1 outlines the problems with the UB framework -and
.- illustrates a - conceptual plah to deconstruct the UB's 31 risk
categories through a source-—exposure--agent--effect matrix so that
the inforination required for a more logical ranking scheme can be
related to the information needs of Agency programs. It is
followed by Section 6.2, which outlines the Subcommittee's
recommended approach for developing risk assessments for specific
toxicants. Using this approach, for-example, the -limited number of
specific toxicants having credible risks could be ranked. Such
' rankings could .then be used in developing optimal risk reduction
strategies.- ' .

6.1 _ Alternative Models for Risk Reduction Targets |

The problem areas defined in the ﬂnfin’ished Business  report
are a mix of three very different types. The first typically

represents agents that constitute ‘. direct sources of human
exposure. These include indoor and outdoor air pollutants,
radiation, pesticides, and consumer products. The second

represents sources of emissions which in most cases must be
transported to an exposure situation. The: third type of problem
area represents agents which must make contact with the human
receptor before a toxic exposure can occur. Typical pi‘oblem areas .
of this ¥Xind are worker exposure and drinking “water.. Also, in
every source area, its impact is felt via agents in the first
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Table 6.1.1 Source and exposure matrix

category. ‘Therefore, in conceptualizing the risks associated with
the different problem areas it is important to understand their

interactions so that the priorities of theilr relative impacts do
not become confused or double-counted. '

It is understood that the basis for the 31 risk categories in
the UB report is the regulatory mandates and the administrative
structure of the EPA. Nevertheless, in order to conceptualize the
risks better and to understand the sources, and exposures that
contribute to the risks, we find that the development of a matrix
approach may be useful. An example of such a two-dimensional
matrix is shown in Table 6.1.1. The vertical columns consist of
direct exposure terms, that are the closest connections to the
human exposures. These seven exposure terms'or secondary vectors
for the most part represent the routes via . which humans are
exposed, with the exception of Category 7, Occupational Exposure.
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Table 6.1.2 Source terms or primary vectors (A through J) of
Table 6.1.1, representing the various activities, -materials,
or processes that constitute the recognizable sources of
chemical and other emissions : : ‘

This can constitute a variety of possible routes of exposure,
jincluding dermal, inhalation, and oral. o

A complete description of each of these categories, as well as
the source terms represented by the horizontal rows is presénted‘in
Tables 6.1.2 and 6.1.3. These source categories or primary vectors
represent the various activities, materials, or processes that can
constitute recognizable sources of chemical and other emissions
that are transported by various processes to human receptors.

There are overlaps among these source vectors. For example,
accidental releases can arise from transportation, waste storage,
or manufacturing processes. However, because of their sporadic
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Table 6.1.3 Exposure terms of Table 6.1.1 Terms 1-4 are media
through which humans are exposed; Terms 5 & 7 are specific en-
‘'vironments including these media; Term 6 includes ionizing ra-
diation and indirect effects of anthropogenic activities

nature, it may be useful to maintain Accidental Releases as .a
separate category in assessing the associated risks. ‘

Note also in Table 6.1.1 the vertical column labeled "Prior
Ccategories." These are the problem areas that were defined in the
Unfinished Business report that are associated with each of the
source terms. It is apparent that some are found in more than one
source term. Thus, for example, Problem Area 8, CO, and Global
Warming, is associated with emissions from source categories A, C,
E, F, G, and H. At the same time, one could associate prior
problem areas with the matrix exposure categories 1 through 7,
although this is not shown in the matrix. An example of this would
be exposure area 5, the Micro-environment. This would include’ the
prior problem areas 4, Indoor Radon; 5, Indoor Air, Other than
Radon; 30 Consumer Product Exposure; and 27, Other Pesticide Risks.

The way in which this matrix would be used most appropriately
would involve consideration of the specific agents (chemicals and
other emissions) from a given source term that might contribute to
significant human exposures through each of the seven exposure
categories. This has been done in a very preliminary'fashiOn in
Table 6.1.1 and is represented by the "block" markers in each
element of the matrix. The presence of this symbol indicates that
this element is likely to constitute a significant human exposure.
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The next step would be
to consider each of the
exposure constituents in
an element and assess
the risk to the total
U.S. population of the
releevant _ endpoints.
only then could the
final Jjudgment of the
health impact of each
element in the matrix be
addressed. The ultimate § -
purpose would be to use b ' 7 sITUATIONS
this  information to '
judge . either the impact.
of a given source term
by mov1ng horlzontally
across a given row; or

EXPOSURE

Flgure 6.1.1 Expan31on of the two-dimen-
alternatively, to judge sional matrix to include a third dimen-
'thevhealth 1mpact for a 51on—-Agents

given exposure term by moving vertlcally through the matrlx table
for that exposure.

Expandlng the two dimensional source—exposure matrlx to. in-
‘clude a third factor, agents, is illustrated  in "Figure 6.1.1.
'Here, source #10 contributes to exposure situation #7; the
intersection, corresponding to that of Table 6.1.1, is labeled ES.
. The flgure ‘also shows that -source #10 contalns agent #8, and thus
source #10 contributes agent #8 to exposure situation #7 (1nterse-
ction EA in the exposure .situation/agent plane. The three
dimensional intersection ESA brings all this information together.

Flgure 6.1.2 expands further on the three dimensional concept
showing the interactions of a number of sources, exposure situa-
tions, and agents. Thus, source #5, contalnlng agents #s 2, 4, and
7, contributes to exposure situations #s 3, 5, 6, and 7. Exposure
situation #3 also receives agents #s 3, 5,6, and 9 from other
sources. This three dimensional matrix quickly discloses interac- .
tions and multiple contributions, and entering the matrix at any
element of a dimension (for example, at agent #6) ‘allows one, to
deternine which other exposure situations are affected by agent #6
from' which sources, etc... . The three dimensional intersections,
_such as intersection ESA in Figure 6.1. 2, are not shownq for

/
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- simplicity, but ~in

setting up _a com- |

puterized information L
-~ -gystem such as the one ,-;///j)

envisioned here they | AT

would be . of major ’A(///‘//

importance. d ,///

- L
e

Lacking - in  this
simplified three dimen-
sional example, for pur-
poses of an assessment §
of risk (risk of what
endpoint(s)), is the |
fourth dlmen51on, the §
endpoint or endpolnts
.associated with each
agent and therefore,

. L - and — . r—
with theA-sour.es . Flgure 6 1 2 Expan51on of 3- d1menszona1
exposure situations’ as- patrix, showing interactions of sources,
sociated with each exposures, and agents

agent. = Depicting this’ lacking information is not 51mply' and
directly pos51ble on a two dimensional plane; three planes in
addition to those shown in Figure 6.1.2, would be needed: Agent-
endpoint,. source/endp01nt and exposure 51tuatlon/endpolnt.
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leen the four dimensional organlzatlon of information’ on
-sources, agents, exposure situations and endpoints, the work of-
rank-ordering different elements within each of these four
‘dimensions, separately, for risk Would be simplified and given
consistency. It would also be possible to identify the three
dimensional (ESA—type) 1ntersect10ns involved with other defined
_environmental problems, such as those in the UB report, and so to
assist in rank ordering them. ‘

, In considering, then, how risk areas might be better -defined
. and relevant information organized for ranking/assessment purposes,
the Subcommittee proposes as a possible approach the development of
a matrix the principal dimensions - of which include sources,
_ osure situations, agents, ‘and endpoints. Such a matrix can be
entered via an element of any of the dimensions (for example, an
agent or a source) and, via the intersections of that dimension
w1th others, the approprlate relatlonshlp to the others can be
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determined. Given such a matrix in computerlzed form exposure
situations, sources or agents can each be ranked accordlng to risk,
bringing order to the problem of determlnlng the most important

B steps to take to reduce health rlsks. Further, identifying the

intersections relating to a risk area. of interest to the agency
- -would consistently identify the elements of each dimension relating
to the risk area. Developlng the matrix -in usable form and
entering information into it--would be mo 'small task; .once. even
- ‘partially available, however, its utility would be great.

Developing and puttlng ‘into practlce the full information
system required for insertion of relevant 1nformatlon now avail- -
able, and new information as it is acqulred including the
capability of tying into other. ex1st1ng 1nformatlon systems which ..
already contain toxicity, physical and chemical property, exposure,
dose response, or other information on agents, endpolnts, exposure
situations, and/or sources, is a very large task that would involve
information - system - design specialists working closely with
scientists, technologists- and risk managers in the Agency, and
~possibly, - -outside of it. In. essence, however, the information
required can be structured as a relational data base design for
‘which many commercial software products are avallable. The
Subcommittee does not have an estimate of the numbers of workyears
involved other than to say that it is expected to be large. In the
final analysis, and, in a very real sense, the task will never be
quite complete: whatever initial system is designed and put in
place will undergo continual change, expansion,’and development (as
distinct from maintenance) ‘as it is used ‘and as experlence is
gained from cataloguing new information in it.. - !

'

. The Subcommittee recommends that that this strategy be

Implemented in small increments. At this early, conceptual stage -

the complexities and practlcal difficulties cannot be projected, .
but they will surely be there. Rather than address the design and

implementation of the whole, ultimate system at the start, the

Subcomnittee recommends that a sp901flc four dimensional system be
developed and filled with information for a small number (three or
four) of different but relatively widespread agents (tying in to
pre-existing data bases (such as IRIS)), and used as a test case;
this effort would take the form of a limited pilot project, the
product of which would find immediate, practical utility, and it
would serve to give practical guldancé to the-design of a more
advanced version of the system suitable for the 1nsert10n of data
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on many agents, endpoints, soﬁrces and exposures. Typical agents

to be used in the pilot project would be, as examples-from'whiCh to
pick the small number to be used: Benzene, TCE, Lead, Ionizing
Radiation, Arsenic, Chloroform, Dioxins, PCBs, Carbon Monoxide or
Ozone. A step-wise, pilot4project~guided approach, the Subcommit-

"~ tee thinks, would produce a usable product even at the pilot stage,
" uncover what is‘needed to progress to-a further stage of design and
‘development, and increase the ultimate chances of achieving a

successful four dimensional information organizing system or

matrix. Progression to a further stage of development should also

‘

be restricted to a manageable project.~ The next stage is visual-
ized as beginning by discovering what is encountered,in the way of
new problems, and how these are to be solved, by adding a larger
put still 1limited number of agents, selected for ‘ubiquity and
potency, to the pilot project matrix. Such agents ‘might.'be
selected from already existing lists such as the list of agents for
Community-Right-to-Know reporting under SARA, as well as new
substances identified in the application of.TSCA, Section 5.

‘-?“'The*Subcommitteewdces~not~recommend.awparticular,organizar
tional approach to managing this project, either in the short or
long term; it points out, however, that both short term . and long
term aspects should be considered in organiZing‘for'this under-
taking. The Subcommittee recommends that a single, clear.focus of
responsibility be assigned at the start to provide planning
(including budgetary planning), continuity, coordination, progress

- reporting and accountability for the project.’

 The four dimensions are not new to the risk assessor. The
Subcommittee believes that conceiving of them formally as an
interconnected system, as human health risk questions are ad-
dressed, will improve the risk assessment prodess) helping the risk
assessors to think broadly and holistically when considering any
particular problem. The Subcommittee believes that risk assessors
within the Agency should be encouraged to consider the four
dimensions as they pursue-their work and to'document; wherever
possible, the four dimensions, their relationships, and the
relevant risk information, as they do their work. ' Such documen-
tation can become a source of information for insertion into the
information system itself. ' '

' There is thus ho need‘to wait to ‘receive some benefit~frem
this concept until the ultimate, or .even the pilot, system is
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established and implemented. As an aid to the thought process it
can be useful.

We believe that this approach, although difficult to execute,
would prov1de a perspective that could assist in prioritizing the
efforts of the EPA in reducing the risks to the U.S. populatlon.

It could.help ‘identify the agents and activities that. contrlbute to

the 'greatest risks, as well as "the exposure media of greatest
concern. ' ' ‘

6.2 - Tdentification and Assessment of Sgeoific=Toxicants

. From the foregoing it may be concluded that the initial step
to be taken in env1ronmenta1 health risk assessment is the
identification and tabulation of health effects -of non—tr1v1al'i
concerns that are associated with those partlcular env1ronmental
- pollutants which demonstrate both evidence of 1) toxicity following
exposures of environmental relevance. and 2) evidence of widespread
" or intense exposure to populations or to individuals. Most -
3’pollutants ‘that meet these criteria will be spec1flc agents, such
as Oy, chloroform, benzene etc, or mixtures containing a ‘common
active agent or functional group, such as Pb\andvltsysalts or
nitrosamines. More complex mixtures, especially those that vary
" considerably in composition from place~to—place and/or .from time-
to-time are harder to rank. The p0551b111ty of synerglsm in such :
“mixtures should be considered. An NAS-NRC report - (1988) concluded
that synergism is a relatively rare occurrence. However, there is
a paucity of experimental and epidemiological data bearing on this
question (Waters et al., in press; Vainio et al., in press) . - Based

- -upon ‘both experlence and. theoretical - ‘modelling it found that

additivity of effect is the common rule,; and that synergism
generally occurs only when one component of the stressor or a co-
stressor, is a potent toxicant presént at a sub~threshold level or
level that produces only a small yield of responses on its own. 1In
some practical cases, the toxicity of a complex mixture can be
characterized by the toxicity of its most active component that.

In theory, this approach can lead to 1lists contalnlng
- hundreds, or possibly even thousands of agents.  In ‘practice, it is
unlikely that as many as one hundred pollutants can meet the two
~entry criteria posed earlier; The pollutants that do cross the
threshold can then be evaluated for risk levels “according to the
processes we have adopted for the following case studies. In this
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manner the risks, and their uncertalntles can be quantlfled and, 1f,
desired, ranked in order or by groups.

6.2.1 - - Selection of Sgecific Pollutants

"The health 1mpacts a55001ated.w1th environmental exposures can
" usually be ‘attributed largely to individual- chemical agents, such
as ozone, most of which have been relatlvely well studled. still,

as the following case study on O; demonstrates" ,” there remain
critical unknowns - about 'exposure ,rand exposure-response
relationships which 1limit our ability. . to perform essential

quantitative risk assessments.

Other health impacts are associated with classes of agents
such as radon and its decay products, lead and its salts, the
various nitrosamines, PCBs, dioxins, trihalomethanes, etc. In
these grouplngs,w”there are variations in bioavailability and
metabolism that result in widely varying toxicity accordlng to the
compos1tlon of the mixture and the influence of other materials in
"the ™ exposure env1ronment. The .influence of . such factors .is
demonstrated in the follow1ng case study on radontdecay products .

~ Even more "difficult to evaluate are groupings such' the
products of incomplete combustion (PIC), municipal waste-treatment
sludges, etc., where the materials are so diverse that they can
range from highly toxic to essentially innocuous.

6.2.2 Addressing Exposure Parameters

The process of risk assessment depends on both the toxicity
assessment and the exposure assessment. In nost cases, the
exposure assessment w1ll be the 11m1t1ng factor in the overall
process. The increasing recognition ' of this llmltatlon by EPA
needs to be followed by positive action to address it. We strongly
recommend that EPA continue to expand 1ts capabilities for
quantitative exposure assessment so that it can effectively utilize

the growing data base of toxicity information.

4See Appendix, Section 8.1
See Appendix, Section 8.1.2
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summaries and Lessons Learned from the Case Studies

6.2.3 Summaries and Lessons Learned from the Case Studies

The two case studies presented in the Appendix (Sections 8.1.1
and 8.1.2 provide lessons that may help us deal with risk
_assessment problems in the future. Some of the lessons are:

6.2.3.1 Ozone

1. Ozone in ambient air was not initially established as a
human health hazard. Rather, it- was- con51dered prlmarlly as a
‘nuisance, as well as’ ‘a plant pathogen. Ozone was grouped under the
category "community or criteria air pollutant " which included
demonstrated health hazards (e.g. the acidic pollutant mixtures
that produced excess mortallty and.morbldlty in - ‘Donora and London) .
Initially, concern with O; was thought to be limited to specific
geographical locations, such as Los Angeles, rather than a

... widespread. problem. = As our concern has. shlfted from responses in

terms of body-counts and clinical’ cases of disease, to risks of

accelerated loss of lung function and/or av01dance of coughlng and
'?chest "pain’-during: ‘outdoor ‘exposure, 0z Ccame- ‘to be regarded as. -an
1mportant health hazard. :

2. Early ‘animal studies on O clearly showed that it was
capable of producing massive lung damage.‘ However, it did so only
~at rather high doses. When experiments were conducted at levels of
O approaching ‘ambient levels, animals no longer suffered detec-
‘table effects. As our ability to detect and quantlfy subtle
changes in function and localized damage ‘to' airway linings
improved, we began to recognize and appreciate the importance of
" ‘gradual changes- leading to disability or premature death late’ 1n
life.

3. Although some early animal experiments 1nd1cated that O;
would produce acute lung injury, little evidence for this was found
in humans. ' The advent of sophlstlcated_ pulmonary function
measurements eventually produced some evidence that O; would alter
pulmonary function in humans at high ambient levels. The effects
were modest and transitory, and were reduced 1n.magn1tude follow1ng
repetitive daily exposures’ ("adaptatlon") - The laboratory studies
in hiumans stimulated the undertaking of larger-scale field studies
which provided further indication that a significant problem
existed. They also stimulated the development and application of
more sophisticated tests in the laboratory, such as broncho-
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-constrictor challehge, and assays of lung lavage fluids for cell
number and function, and release of mediators.

4. The huge volume of health effects research on O; has not
been adequate to define the extent of the human health risks
associated with population exposures, demonstrating the need for a
.strategic. research plan to address the crltlcal knowledge gaps.
These gaps include the role of repeated exposures over a season or
a lifetime on the pathogene51s of chronic lung disease and the role
of co-pollutants and other env1ronmenta1 ‘factors-on both short— and
long—term responses.

5. We know a great deal about transient functional responses
to single 1- and 2-hour exposures to 0 under controlled con-
ditions, including the enhancement of response due to 1ncreased“
ventilation during exercise. However, we have only recently
learned that: " o ’ o

O] The acute response syndrome involves other transient

' ‘responses such ‘ast 1) -influx of inflammatory cells and

mediators into the lung; 2) increased airway reactivity:;

3) increased airway permeability; 4) altered rates of
mucociliary particle clearance from the lung airways.

@ The responses increase with duration of - exposure for at
' least six hours, and dissipate with a 51m11ar tlme
- constant. ~This is important for people who remain -

outdoors, since O, exposures in most heavily populated
regions have a broad dally plateau lastlng 6-10 hours.
Furthermore, peak o exposures generally occur on -many
successive days durlng the summers, and exposures are
often as high or higher in suburban and rural areas as in
urban centers. ' '

© Responses among children and healthy non-smoking adﬁlts
engaged in normal outdoor recreational act1v1t1es are
greater than those observed in the controlled  exposure
studies with O, alone at comparable . concentrations,
suggesting that other constituents potentiate the
characteristic O; responses, and that exposure—response
relationships based on chamber studies underestlmate the
health impacts on natural populatlons.
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O} Acute responses among both laboratory and field study
: populatlons indicate large interindividual variations in
sensitivity to O;. There is little known about the
causes and correlates for this wide ‘'range of respon-
siveness. The data suggest that large numbers of
individuals have symptomatic responses, as. well as
functional deficits large enough to constitute adverse
effects, following natural exposures even on days when

" the current standard is not exceeded. ‘ ' :

We clearly need to identify the constltutlonal factors that
account for large variations in response among +the population, so
that the more susceptible people can know when to avoid outdoor
exposures, and so prophylactlc therapies can be de51gned to help
- susceptible individuals avoid the effects of excessive exposure.

6. We know relatively little about the 1ong~term consequences
of repetitive daily exposures of humans to O;. However, there are
serious concerns based on the results of chronic exposure studies
in laboratory animals showing that: :

@ ‘Successive daily exposures of rats leads to progressive
' epithelial cell damage even when respiratory function
changes are transient. ‘

O} Chronic exposure studies in rats and monkeys at high
ambient Oy concentratlons produce functional and struc-
tural changes in the lung con51stent with . stlffenlng
and/or premature aglng of the lung.

@ Rats are less sen51t1ve than humans to O in terms of
acute functional response, and comparable to humans in
their functional adaptation to mult;—day.exposures. The
lesser functional responses are consistent with the
dosimetry models for O; uptake along the airways of
humans and rodents.

With so many people chronlcally exposed to 03, it 1s important
to determine whether premature aging of the lungs is occurring, and
if so, how the effects can be ameliorated.

i
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6.2.3.2 Radon

A variety of important lessons emerge from an analysis of the
* findings in the radon case study. : ' -

1. The relatively large health risk of 5,000 to 20,000 lung
cancer deaths per year from exposures to indoor radon was not well
defined until NCRP (1984), EPA (1986), ICRP :(1987) and NAS (1988)
gave serious attention to general populatlon risks as well as
occupational exposure risks. Risks of this magnitude, which are
larger than most regulated cancer risks, -could have been predlcted
much earlier if any respons1b1e authority has used available data

from the uranium miner experience and the available evidence that

- a linear, non—threshold exposure—response model was approprlate.

2. EPA's advisory to the public on the rlsks from res1dent1al

.. radon included advice on obtaining measurement kits and remediation

~ services, prov1d1ng effective guldance for 1nd1v1dua1 home owner
actions. This was made possible by EPA'S prlor research and
development efforts in these areas. .

3. Multlple sources of 1ndoor radon may be 1mportant to
residential exposure. While permeation of radon from subsurface
soil is usually the dominant source, radon dissolved in potable
water from wells can also be a significant source. ~

4. The risks to smokers are 6-10 times- greater than. for
nonsmokers exposed to a given level of radon, a conclusion not ‘
generally communicated to the general publlc to help individual
citizens decide about remedlatlon. .

5. The res1dua1 uncertainties about the risk of lung cancer
from exposure to radon and daughters are qulte small (30-50%).
However, one major uncertainty is the - contribution of exposure
during chlldhood to the subsequent rlsk of disease.

' 6.2.3.3 OVerall Lessons

In order to use quantitative risk assessment approaches for
relative risk ranking, we will need to define the risks of concern
and their overall impact on public health. A rich data base does
not necessarily ensure that adequate risk assessments can be
performed. The case study on ozone demonstrates that our ‘knowledge
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of the chronic health impacts of O; is extremely limited. We know ‘
virtually all we need to know about the acute functional responses
. in laboratory settings to Os. How- ever, "we also know that
exposures in natural settings often produce much greater responses,
limiting the applicability of the laboratory data for predicting
population responses in natural settings. One ‘lesson is that
further research based on the use of conventional-tests and assays
and convenient durations of exposure should have lesser priority,
while research focussed on -the cpitical knowledge gaps should

. receive greater priority.

The radon case study demonstrates the importance of exposure
assessment in complementing the well developed exposure-response
relationships in the overall-risk assessment. It also illustrates
the importancé of considering multiple sources, in this case the
soil gas and radon dissolved in the potable water supply, as well
as the.strong role of cigarette smoking as a modifier of radon-
induced cancer risk. Finally, it demonstrates how EPA can play an
important and productive role in public health protection concer-
ning an agent for which it has no direct regulatory authority. . .

6.3 Ranking Schemes

Tn the EPA's "Unfinished Business" Report (UB) thirty-one
problem areas (Problems) were identified and rankeﬂ,'seﬁarately,
according to the cancer and non-cancer population risks believed,
as a result of analysis and consensus, to be associated with each.
The two rankings were not combined into a single population health
risk ranking but were reported separately in-the UB.

From the standpoint of providing inputs to a planning,
budgetary, or resource allocation process, producing a combined
‘health risk ranking to include cancer and non-cancer health effects
in a single ranking would be useful. How to produce such a single
ranking of Problems, of either the UB report's original thirty-one
or of whatever different set may result from this study or future
considerations, either (1) starting from scratch or (2) by .
combining separately derived rankings by <cancer and non-cancer
risks, is the question considered in this section. Both approaches
to the question are explored, and frameworks are suggested for
" accomplishing the ranking task in each case. The second case is:
described in some depth in Section 8.2, along with an’illustrative
_example of how the framework should be applied in merging the
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rankings-by cancer and non-cancer risks into a single health risk . .
based ranking. ' ' :

While two frameworks are described for accomplishing the
development of health risk rankings, in neither of the two cases is
the application of the frameworks a simple matter of applying .a
formula, nor can it be. The qualitative nature. of much of the
information used in ranking prevents this. At each major step
scientific judgment, and preferably~a“consensuSwofsknowledgeable
scientists, is needed. The example given in Section 8.2 of merging
two separate rankings into a single health risk based ranking is
just that: an hypothetical example, an illustration of how the
framework might be applied. It is not a final result of applying .
the framework in a consensus-generating fashion. -

6.3.1 ‘General Considerations on Ranking and Severity

In the original ranking of the}thirty one problems for non-
cancer risks as presented in the UB report the key variables were
‘all considered to- the--extent possible:: ‘'exposure, .potency,
incidence as derived from these two, numbers exposed, and severity
of effect, and numerical estimates and scoring systems were
developed and used, where possible, in addition to qualitative
information and best guesses. Because qpantitativewinfbrmation
relevant to ranking was sparse, especially in the case of non-
cancer effects, the basic factors to be considered in ranking had
often to be taken into account by reaching consensus on the weights
to be accorded to *'qualitative information - combined with what .
quantitative “indicators there were. This same problem exists
today. ' :

With.the cancer and non-cancer risk rankings in the UB report
done by different consensus groups, the ways in which information
was considered, classified and used by each in arriving at their )
separate rankings, based on cancer and non-cancer risks, are not
entirely consistent. More attention should be given to this factor
in undertaking any new rankings. Alsb, ranking'as a means of
setting priorities for action is a common, well-used tool in many
~ fields, including health. It would be useful, therefore,, in any
new undertaking, to Treview some of the ways in which rankings
have been done in the past to ensure that what is good or useful in
" them is "incorporated into the ranking method ultimately used. The
_well known medical practice of triage, used ordinarily under such
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conditions of high demand for scarce resources as the battlefield
or major disasters, is a good example of ranking for the purpose of
allocating scarce resources in such a way as to save as many lives
as possible. One reference well worth reviewing in considering
possible improvements in the health risk ranking of Problems is the
1984 report of the National Research Council on strategies to
determine needs and priorities for toxicity testing (see referen-
ces) . In this volume, a number of schemes utilizing different

bases are reviewed in the course of reaching the conclusions of the
study. '

In ranking for non-cancer risk, severity of effect was
considered by the participants in the UB project, and, with many
apologies and qualifications, they developed an evaluation and
scoring of the relative severities of a wide variety of non-cancer
health effects as they were defined in the UB report. The method
used was a technical one based on estimating the impacts that
different apparent diseases or endpoints would have on different
organs or systems and, in turn, the severities of those impacts on
the individuals afflicted with the endpoints in question. In
ranking the problems by cancer risk, severity of effect was not
considered in the UB report. All types of excess cancers were
considered to be of highly severe consequence to affected in-

- dividuals. Whether "highly severe" meant more, or less, or of

equal severity to the most severe of the non-cancer effects rated
in the UB report is unknown; it is reasonable to assume that most
cancers would be included in the highest of the seven severity
levels (or possibly, some of them, in a new, higher level) defined
in the UB report for non-cancer endpoints along with the most

severe of the non-cancer endpoints, with only some falling into
somewhat lower brackets.

In developing a merged ranking for different health endpoint
risks, whether for a diverse set of non-cancer health effects or
for cancer and non-cancer health effects combined, some way to
consider severity is needed; otherwise, effects of low severity
will be ranked as highly as those of high severity when they occur
at the same frequency, a clearly unreasonable approach to main-
taining or improving public health. The participants in the UB
report effort recognized this and attacked the problem of severity,

fully cognizant of the difficulty of the problem in the first
place.
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There 'is no universally acknowledged scorlng system for
severity of effect at the present time, certainly not for so broad
-a spectrum of diseases as falls under the heading of "non—cancer’
hedlth effects," though the problems of establishing an 1ndex have
been addressed in various contexts such ‘as in the development of an
Index of Harm for radiation induced effects [1,2]. There is 1ittle
question that different diseases are. of different degrees of
- severity of impact on the- sufferers; “it-is only necessary to think
of one's own response if asked which~of ‘two diseases one ‘would
prefer least to contract 1f that was the only choice avallable.
What factors to con51der and how to weigh "and quantify such
differences in ways satisfactory to most people presents major
problems, however. o '

' The technical approach used in the UB report must be regarded
as a laudable effort to recognize the existence of differences in
severity, but it may not give sufficient weight, in arriving at the
severity scores, to either medical spec1allsts, on the one hand, or
to sufferers or potential sufferers on the other, nor to the

”““process by “which: ‘such a- table of severity indexes might best be'

derived in the first place. 1In section 3.3.3 of this report, some
of the broad factors that need to be considered 1n arriving at a-
characterlzatlon of severity are dlscussed in some depth. These
factors range from sc1ent1f1c/techn1ca1 factors to soc1olog1cal/-
psychological ones. From the viewpoint of the sufferer or the
potential. sufferer, such factors as "loss of productlve years of °
life" may not be of compelling interest; "When mlght I get it?;"
"How bad is it--will I die, will I be in lifelong pain, or will I
find it to be just a kind of nuisance?;" "How will it affect my
‘family, my-friends, my job, my . flnances7'" "can it be cured or
alleviated; does it progress or is it reversible?;" and - "How-

distressing is 'the treatment?" are samplings 'of the kinds of

questlons laymen might ask when con81der1ng the severities of
different diseases. Developing a translatlon of these kinds of"

questions into meaningful medical- and scientific terms, and vice -

versa, may be a necessary first step in approachlng severlty from
both the medlcal/technlcal and the lay perspectives in an in-
tegrated way; one possible way. to accomplish this is through the

use of lay and professional focus groups meeting separately and .
then together. The process by which this is done, whatever it may
be, the way in which the views of informed potential sufferers (and
how they become informed) and of medically and technically trained
experts are brought together is crltlcal to developing . severity
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factors or indices with any valldlty or credlblllty. Moreover,
such factors must be reviewed and updated from time to time as new‘
knowledge becomes available or as diseases become more curable or

~~mitigatable.
6.3.2 Producing a Merged Health Risk Ranking: the Zero-Based
Approach ' ' S o

- We will con51der, first, the problem of ranklng startlng from
scratch, i.e., a zero-based approach.'

- An approach to the zero-based ranking‘for creating”a single,.
merged health risk ranking would be to develop severity factors
for both cancer and non-cancer effects, together, as was ‘done in
the case of non-cancer effects, only, in the UB report but using
groups of experts and lay persons as suggested in Sectlon 8.2, both
to develop the best set of variables to use in this exercise and to
develop the relative severlty factors° This amounts to starting
-over and, glven the severity scores, ‘having one consensus Jgroup
then consider’ both types of effects as a single spectrum of health
effects, connected to each other by the single severity factor

. table. To conduct this consensus ranking exercise most ef-
ficiently, it is suggested that expert 1nd1v1duals drawn partly
from the UB ranking group and partly from- outside sources, would be
best suited to developlng the new, merged, consensus ranklng. This
would help ensure that considerations raised in the present
relative risk reduction project, new information, and new under-
standings or correlations of existing information would be fully
‘utilized to avoid a full, duplicative refamiliarization with the
.information alreadyﬂutilized in the UB report.

The development of the severity table, the factors that need
to be considered in deflnlng 'severity, and how to combine the
factors into severities, needs further thought and.definition, as
discussed in Secticn 8.2. Peer review of the result would ensure,

- to the maximum extent possible, its scientific quality and
credibility. Such a value-laden process should include medical
‘experts and ethicists, sociologists, and lay perSons.

In the UB report, population risk appears to be the primary
consideration in ranking, individual risk being only briefly
-mentioned. " In a new zero-based’ aggregate health risk ranking .
. effort, if consideration is to be given both to population and to
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1nd1v1dual risk, the way these are to be weighted in reaching a
conclusion on ranking must be defined and applied consistently to
obtain a credible result; the same is true of any other particular
~factors such as individual or population subset sensitivity.

Long-term advantages to expending the resources needed to
-apply this full procedure is that (1) the most credible result
" would be produced, (2) a framework into-which new: information can
be fitted to update the ranklng would-be brought -into- existence,
and (3) the ranking, kept up to date, would provide useful, ongoing
guidance for budgetary - and resource allocation planning. The
difficulties involved in establlshlng an agreed—upon severlty'table.
must not be underestimated; a method for merging pre-existing,
‘separate rankings may prove to be more practical, in the immediate
term, for producing a 51ng1e aggregate. health rlsk ranklng.

6.3.3 Produclng a Merged Health Risk Ranklng rMerging-Separate
Rankings into One . S -

~An- alternative-approach to the complete, start from-scratch
_zero—based approach is developed in some detail in Sectlon 8.2. It
builds on whatever may already have. been done in ranklng a. set of
Problems (the UB report Problems or another set of issues such as
elements of one of the four dimensions described in Section 6. 1)
separately for cancer and non-cancer risk, copes with the lack of
much quantltatlve information of any degree of precision and,

starting from the two separate ranklngs, 1nvolves less total effort."

‘than the zero-based method, producing a- preliminary merged risk
ranking that may prov1de some assistance- in cons1der1ng plannlng
alternatlves. ' '
A brief description of the principles involved in the merging
of two qualitatively ranked separate rankings of problems or other
deflned issues according to cancer rlsks, .on the one hand, and non-
cancer risks, on the other, follows. 'For a fuller understandlng,,
the reader is referred to the more detalled development in Sectlon
8.2. : ' :
Figure 6.3.1 Shows a hypothetical linear (or cartesian) plot
of items ranked for non-cancer risks versus the same items ranked
for cancer risks as it would appear if the quantitative welghts for
each of the items, non-cancer and cancer, were known. In a real
s1tuatlon,kthe items might simply ‘be ranked -according to relative
risk: High (H), Medium (M), or Low (L); in this situation, the
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Figure 6.3.1 Plot ‘of hypothetical rlsk ranklngs-—non-cancer
vs. cancer : :

precise locatlons of 1tems w1th1n the grid squares in the flgure
would not be known: which of the items (such as the‘"problems" in
the UB report) lie somewhere within which- of the qud squares 1is
all that would be known. From the flgure it is obv1ous, assuming

that the two qualitative rankings were meanlngfully done. in the

first place, that items lylng within grid squares A, E and I rank,
for the two risks combined, as groups, in the order: A > E > I.
In effect, these three sets of items are easily ranked accordlng to
the comblned risks of cancer and non—cancer effects by a simple -
1nspect10n of Flgure 6.3.1.
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--means for determin-

The ‘merging
method suggested
here provides the

ing where the
groups of items
lying in the -off-
diagonal grid
squares rank rel-
.ative to those on
the diagonal and to
each other. once
this is accomplish-
ed a good start has
been made on the
merged ranking of
the items  them- §
selves since those
' individual = items
which mneed to be Table 6.3.1 Rankings possible for a three-by-
compared to each three linear array - S :
other to arrive at a final ranking have been clearly identified.

The method is based on the fact that for any of several models
in which severity factors, in principle, can provide the link for
comparing risks of different endpoints,. there is only a limited

number of sets of rankings of the groups of items in different grid
" squares to be compared with the risk information about the sets of
items to determine which ranking is most consistent with the risk.
information...Models relevant to the items or problems of. concern
“to the;AgénGY“inciude'thosewvhich~rank-by»individual_risk, by
population risk, or by combined individual and population risk,
with or without taking account of other factors such as the
sensitivities of individuals or of population'subsets.

For three-by-three, linear arrays of risks such as the one
plotted in Figure 6.3.1‘the set of all possible rankings of the
grid squares (and therefore of the items falling within them) is
shown in Table 6.3.1. As shown in section 8.2, it is not necessary
to determine which ranking is most compatible with the available
information by a laborious comparison with each of the rankings
shown; use can be made of the major rank reversals (for example, G
and C in rankings 2., 3. or 4., versus 8., 7., or 6., respectively)
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to reduce sharply the number or rankings where detailed comparison
is necessary.

As shown in Section 8.2, Table 8.2.6.2, the number of possible
rankings increases to seventeen 1if the array is symmetrical but
nonlinear (for example, if the ranking coordinates are logarithmic)
. and also increases as the order of the array increases. Practical
arrays for the merging of gqualitatively ranked items are the three-
by-three arrays, linear or nonlinear, in- which the original

rankings fall only into three categories: high, medium,- and low.

Four-by-four systems might work if the original information on the

separate rankings is sufficiently complete and descriptive, but a
"more highly subdivided ' set rankings than that soon becones

- cumbersome or outruns the ability of the information to discrim-

inate. Generally speaking, too, when the final ranking has been
achieved, it is desirable to express it in no more than the number
of categories of the original two rankings; to' use more would
outrun the content of the original information. '

-one key point should be borné in mind: it:is as true of the

zero-based ranking method and of the separate ranking of items by

cancer and . non-cancer risks as it is of the process required  to

carry out rank merging that the various comparisons need to be made.

by appropriately chosen consensus - groups for the comparisons, and
the final result, to be as good in quality and as credible as
possible. . ' '

" From a practical standpoint, once‘thatnthekpbssible-ranking
patterns are tabulated this rank merging process can be carried out
without having -to know. or to decide whether cancer of * non-cancer
effects prédominate, whether it has been explicitly determined what
the relative severities miight be, or whether the risk ranking
scales .the relative severities might be, or whether the risk

8

ranking scales are linear or nonlinear. Comparison of the possible-

rankings with the available risk infirmation to determine which is
most in keeping with the information accomplishes this, accounting

for whatever conscious or unconscious decisions may have been made -

by those doing the ranking. For this reason, as well as for its
relative simplicity, the rank merging method is a preferable way to
produce merged or aggregated health risk rankings until such time
as a zero-based method can be put into practice. '
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6.3.4 Further Comments and Recommendations

B e e e e e R e et

For the long term use~of merged cancer -and non—-cancer risk
ranking, the so-called zero-based procedure outlined”early~in this
sectiorni, is best. Doing it once can form a solid basis for

maneewocipdating .and revising it .and, since it deals most directly with the

problem in a manner as close as possible to the flexible and
relatively inclusive models described in detail in Section 8.2, it
is likely to yield the most correct and credible, and therefore
reliable, result when it comes to budgeting and allocating
resources to risk management activities and to research. . It is
recommended that this effort be undertaken as an investment in
facilitating better planning and allocation. ‘

. one of the key nissing sets of variables for producing a
single, healthjriSk based ranking of Problems is a single set of
severities for cancer and non-cancer. endpoints .;ogetheru " The
experience already gained in attempting to grade the severities of
different non-cancer endpoints in the UB report should help in the
formulation of a method and a proceés for undertaking the task of
producing a consensus on a health risk severity table including
both cancer:and non-cancer effects, and it is. recommended that any '
updating of the UB report include this activity. '

The procedure for merging separately ranked Problems (for.
cancer and non-cancer risk) is relatively easy to use, .once the
main possible rankings are tabulated (as for example, in Tables
8.2.6.1 and 8.2.6.2) and once separate cancer and non-cancer risk .
rankings are in hand. The consensus'mechanism‘recommended is
particularly useful not only in narrowing down the possible’
rankings to one best one but also in .reaching the final merged
‘ranking while ensuring that information that might have been lost

_aleng- the way is utilized at.the end. : ' o

1

6.4 Development of Necessary Resources

Valid assessment of the health risks associated with
environmental problems will require :major':imprbvements in the
relevant exposure and toxicity data, as well as substantial
strengthening of the underlying science base. To expedite the
desired improvements, the following neéds should be addressed:
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Databases For most of the chemical and physical agents of
environmental concern, the relevant data on human exposure are not
suff1c1ent1y quantitative, comprehensive, or detailed to enable
- precise assessment of the associated risks to human health. Far
more detailed and comprehensive exposure. measurements are neces-
sary, 1nclud1ng data on tissue burdens as well as ambient exposure
levels. Also needed are pertinent data on the uptake,’ distribu-
“tion, metabollsm, and excretion of the substances in question,. as
well as on the extent to which these parameters may vary with age,
sex, diet, physiological state, "and other variables. The data
should also include, insofar as possible, information on the
relevant biological and molecular markers of exposure, dose, and
precllnlcal effects.

In addition to better exposure data, more adequate toxicolog-
jcal information also is needed, including more systematic data on
the toxicity of the relevant agents for humans of different ages,
more comprehensive assessment of their toxicity in surrogate
toxicological test systems, and better understanding of the
approprlate dose-response and trans-species scaling functlons toibe'
used in assessing. thelr risks to human health.

Institutional Arrangements 'In order to develop exposure and
tox1c1ty databases of the richness needed, tloser cooperatlon among
different governmental and private institutions will be necessary.
For example, development of the exposure databases should include, !
in addition to the data gathered by EPA itself, relevant infor-
mation from other federal (e. g., NCHS, NIH, NIOSH, FDA, and DOE) ,
State, and local agencies, as well as from the prlvate sector.

'Personnel Also 1n. need of- further' development is sc1ent1frcr
capability in the requ1s1te dlsc1p11nes.' Furthermore, since
assessment of the health risks of environmental agents requires the
coordinated ' efforts 'of biologists, chemists, epidemiologists,
mathematicians, physicians, toxicologists, and scientists of other
disciplines, few institutions have the multidisciplinary teams
needed for such research. Measures to develop such collaboration
on a broader scale and to focus it on key problems deserve. to be

pursued. Inherent in the development of the needed scientific
capability is the tralnlng of scientists: w1th the necessary
expertlse. For this purpose, there is need for more long—term

support of graduate and postgraduate tralnlng in toxicology,
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epidemiology, and other disciplines crucial to ‘progress in the
field. ' ' : ‘ ‘
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7.0 Conclusions and Recommendations

Toxicants that may pose significant risks to human health can
be encountered in air, water, food, consumer products, the home,
the workplace, and other environments. Although in some instances
the risks from such toxicants have been adequately controlled by
limiting human exposure to the- agents in questlon, other
environmental toxicant-related risks to health continue to exist,
as reported in "Unfinished Business." It is 1mportant therefore,.
to assess any such risks and to develop measures for controlllng.
them.

In order to set approprlate prlorltles' for allocating
resources to different environmental - risk problems, ‘the relative
importance of each problem must be evaluated. _For thls purpose,
some sort of comparatlve risk assessment is required. At present,
however, such.assessments must be 1nterpreted.w1th cautlon, in view
of their large uncertainties.

Among the most serious sources of uncertalnty is the 1nade~'
quacy of available data on the extent of human exposure to' the
toxicants in question. 1In few cases has the concentration of a
given tox1cant in the relevant exposure ‘media been characterized
well enough in time and space to enable precise estimation of the
patterns and extent of human exposure to the agent in questlon. In
even fewer cases have environmental exposure measurements of a
‘toxicant been accompanied by systematlc analyses of its uptake,
distribution, metabolism, and retentlon in the tissues of persons °
‘differing in age, sex, dietary ‘habits, lifestyle, occupatvon,'and

other potentially -important Varlables. In the absence of . such

1nformatlon, gquantitative estimation of the extent of human
exposure to most toxicants, and of the exposure—dose relationships
relevant to assessment of their risks to human health must remain
hlghly tenuous. :

To provide exposure-dose data of the quantity and quality
needed for more adequate assessment of envrronmental risks to human
" health, there is need for far more systematic monitoring of the
environment and of human tissues, including the use of biomarkers

and other newly-developing measures of exposure -and effects.
‘Toward . this end, expanded research "and data collectlon are.
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recommended, including.closer interagency cooperation and data-
linkages to facilitate development of the requisite networks and
databases. '

Another serious limitation in risk,aSSessment results from the
uncertainty inherent in evaluating the toxicity of virtually any
environmental <toxicant wunder conditions of chronic low-level
exposure. For relatively few environmental agents has toxicity for
humans been observed directly, even at relatively high doses, and
in these instances the relevant dose-response relationships and
mechanisms of toxicity have not been defined well enough to enable
risk assessment without reliance on uncertain dose-effect models
for extrapolation to the low dose domain. In these cases the
assessments also involve uncertain assumptions about the influence
of age, sex, and other factors on the susceptibility of the exposed .
persons, as well as the extent to which the effects of a given
toxicant may be modified by the action of other environmental
agents. For the majority of environmental,toxicants, human data.
_are .lacking altogether, Wiﬁh the result that assessment of their
potential risks must be based on extrapolation from studies of
laboratory animals and other surrogate test systems, that involves
uncertainty about species differences as well as the other
uncertainties mentioned above. For thousands of additional
chemicals to which humans may be exposed, no toxicological data of
any kind are available as yet, precluding even the most rudimentary
assessment of their potential impacts on human health. ' '

In order to improve the assessﬁent~of environmental risks to
human health, the following steps must be taken to strengthen the
- underlying toxicological science, methodology, and database: 1)

" further reésearch on the development and validation of toxicblogical.QA -

testing methods, including analyses of structure-activity relation-
ships and other correlational techniques, short-term in vitro and
in vivo tests, and long-term and inter-generational animal
bioassays; 2) use of these testing methods to screen new chemicals
‘before they enter commercial use and to test expeditiously existing
chHemicals identified as possible hazards; 3) expanded epidemiologi-
cal study of human populations, with particular reference to
populations at increased risk because of elevated 1levels of
.exposure or heightened susceptibility; 4) studies to elucidate the
mechanisms and dose-response relationships of the various types of
health effects that may be associated with low-level exposure to
different toxicants and combinations of toxicants; and 5) inter-
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national, national, and local interagency cooperation in the
collection of vital statistics and other data, record-linkage, and
.networking, so as to enlarge the toxicological database as rapidly
as possible.

In view of the above limitations in the available exposure and
toxicity data, the risk rankings that were assigned in "Unfinished
Business" must be regarded as provisional. Whether ‘the rankings
could be improved greatly in the absence of more adequate data is
problematic. Pending better data and scientific knowledge, it may
be inferred that those environmental problem areas involving the
highest probability of proximal human exposure to toxicants are
likely to pose the largest potential risks to human health. Such
situations include those encountered by the general population
through exposure to pollutants in ambient outdoor air, indoor air,
drinking water, food, and consumer products, and those encountered
by workers in the workplace. It is not illogical, therefore, that
the environmental problems assigned the highest relative risk
- rankings . for cancer .and/or -other adverse health effects in
"gUnfinished Business" were representative of such exposure
situations; i.e., criteria and hazardous air pollutants, indoor air
pollution and indoor radon exposure, drinking water, pesticide
residues on food, pesticide application, consumer product exposure,
and occupational.exposure to chemicals.

' Among the latter problems, however, it should be noted that
the "high" risk rankings for the following problems are supported
more firmly by the available data than are the rankings for others:

criteria air pollutants - - o
hazardous air pollutants - . e -
indoor air pollutants (excluding radon)f‘_ o
indoor radon

drinking water

pesticide application '

occupational exposure to chemicals)

ORORORORONCNO)

Another factor seriously complicating the comparative ranking
of environmental risks to health is the diversity of-the health
outcomes that are involved. While cancer is clearly a serious
health outcome, a cancer occurring in a 90-year-old man could be
considered less serious than mental retardation in a newborn
infant. In any case, however, quantification of the health impacts
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of different . types of toxicant-induced effects is complicated,
" since it must take into account both the aggregate numbers of all
persons who are affected, including those affected indirectly as
well as those affected directly, and the severity of the effects
judged in terms of their physical, psychological, social, and
. economic impacts. Detailed consideration of these ramifications
calls for more detailed analyses than have been conducted thus far

‘and may not be feasible without further refinement in the data. o

Tn addition to the relative magnitudes of the health impacts
of different environmental risks, their controllability must also
- be considered in evaluating alternative risk-reduction strategies.
It must not be forgotten, therefore, that the adverse health
outcomes caused by certain environmental toxicants—-such as
carcinogens--may not appear until decades after exposure, with the
result that termination of exposure to the toxicants does not
suffice to abolish risk in those who have already been éxposed; It
is also noteworthy that certain environmental toxicants--such as
heavy metals, PCBs, and long-lived radionuclides--tend to persist.
indefinitély = in -the environment and may gradually ' become
concentrated in certain components of . the human food chain.
Consequently, such toxicants may continue to posé a threat to human
‘health long after their release into the environment has been

halted. ' o '

It must also be recognized that, in many instances over the
past 20 years, EPA has undertaken pngrams- to reduce risks
sttributable to specific substances: in the'environment,‘either
through legislative mandate (as in the case of PCBs under TSCA) or

jth;ough_qtilizing-regulatory powers (as in- the case of lead in
gasoline). However, noné of these risk reduction programs has been - - -

complete in teims of absolutely banning all production and use
(including in situ wuses as with . PCB containing electrical
equipment) of these substances. Residual risks remain associated
with these continued uses, including waste disposal;' Nevertheless,
EPA has already devoted considerable efforts to identify the risks
of these substances, through epidemiological studies, other
research on toxicity, and exposure assessments.'jSimilarly,‘the
private sector has already invested in partial control technologies
or substitute materials. Thus the major expenses of risk reduction
may in these cases have already been incurred (e.g., capital
investment in catalytic cracking units at oil refineries to produce
additives for unleaded gasoline). 1In these cases, the cost of
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further risk reduction--even risk elimination--may be relatively
small, as compared to undertaking risk reduction de novo for
. .substances and exposures not previously addressed in any
substantial fashion. EPA should consider these . factors in
evaluating strategies for relative risk. prioritization and for
implementing risk reduction measures. o o

Limited as the existing data may- be for assessing recognized
risks to health, our capacity to predict future risks and to
respond to emerging problems is even more severely limited. There
is need, therefore, for the establishment of a formal mechanism for
risk anticipation, including an in-house expert committee, peer
oversight, and a means. of supporting 1ong—rahge research on
emerging problem areas. Emerging problems that merit attention at.
this time would appear to include the potential risks associated
with low-level exposure to 60 Hz magnetic fields. ‘

'Finally, the development of any long-range strategy to improve
environmental risk assessment and risk reduction will. require-
provision. for developing and sustaining the ' needed scientific
capability and workforce. This will necessitate programs for
graduate and postgraduate training in the relevant disciplines, as
well as the development of measures to enlist and nurture the
.participation of the scientific community in the kinds of
interdisciplinary research that are required.
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Aggendices
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8.1 case studies

8.1.1 Ozone Case Study
Dr. Morton Lippmann

New York University
Institute of Environmental Medicine
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8.1.1.1 Tntroduction and Background

Ozone (0;) was recognized by Schonbein (1851) as a powerful
lung irritant soon after its initial synthesis (Bates, 1989). It.
was first 1listed among the American Conference of Governmental

°  Tndustrial Hygienists (ACGIH) list of Threshold Limit.Values (TLVs)

for occupational exposure in 1946, with an eight-hour time wgigﬁfed.
average (TWA) ‘concentration limit of 1 ppm.’ In 1954, the TLV was
reduced to 0.1 ppm TWA. The current ACGIH TLV of 0.1 ppm, as a
ceiling value, was adopted-in 1989.

Health effects among the general community were first reported
among high school athletes in california, in terms of.  lesser
pérformance on high exposure days (Wayne et al., 1967). ‘The
' initial National Ambient Air Quality Standard (NAAQS) of 1971 was
0.08 ppm of total oxidant. The NAAQS was revised in 1979 to 0.12
ppm of O;, and was based upon clinical studies by DeLucia and Adams
(1977) showing that exercising asthmatic adults exposed for 1 hr to.
' 0.15 ppm in ‘a test chamber had increased cough, dyspnea, and
wheezing, along' with small, but nonsignificant -reductions ' in
pulmonary function (U.S. EPA, 1986) . A small margih of safety was
applied to protect against adverse effects not yet uncovered by -
research and effects whose medical significance is a matter of
disagreement. In its May 1, 1989 closure letter to the EPA
Administrator on its reviews of the 1986 Ozone Criteria Document’
(cD), the 1988 CD Supplement, and the Agericy Staff Paper of 1988,
the Clean Air Scientific Advisory Committee .(CASAC) split on its
recommendation to the Administratq:'concerning‘agSCientifically
supportable upper bound to the range for a revised 1 hr NAAQS, with
half the members accepting 0.12, and the other half recommending a
reduced upper bound (CASAC-1989). S ‘

The effects of concern with respect to acute response in the
population at large are reductions in lung function and increases
in respiratory symptoms, airway reactivity, airway permeability,
and airway inflammation. For asthmatics, there are increased rates
of medication usage and restricted activities. "Margin of safety
considerations include: 1) the influence of repetitive elicitation
of such responses in the progression of chronic damage to the lung
of the kinds seen in chronic exposure studies in rats and monkeys;
and 2) evidence from laboratory and field studies that ambient air
co-pollutants potentiate the responses to‘O's‘~ ' -
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O is almost entirely a secondary'alr pollutant, formed in the
atmosphere through a complex photochemical reaction sequence

...requiring reactive hydrocarbons, nitrogen dioxide (NO,) and

sunlight. It can only be controlled by reducing ambient air
concentrations of hydrocarbons, NO,, oOr both. NO and. NO ‘are
primary pollutants, known collectively as NOx. In the atmosphere,

NO is gradually converted to NO,. One of the major sources of
hydrocarbons and NO,, i.e., motor vehicles, has been the major
target of control efforts, and major reductions (> 90%) have been
achieved in hydrocarbon emissions per vehicle. NO, from stationary
source combustion has increased, and there has also been major
increases in vehicle miles driven. The net reduction in exposure
has been modest at best. In 1986-1988, there were high levels of. -

ambient Oy with exceedances of the current NAAQS recorded in 101__

communltles with a total population of 112 mlll;on people.

The risks remaln very high for demonstrable -acute responses,_f

and potentially very high for the still poorly defined chronic
health risks, especially premature aglng of the lungs.

8.1.1.2. Current Knowledqe on Exposure and Sources

A, Egposures .

1. Personal Air No personal monitors ‘have been
kavailable;‘hence there are no data.

2. Microenvironmental Air

Amblent Air Extens1ve data are avallable fromw
contlnuous monltors at many urban and some rural sites since the'
early 1970's. Most readily available data are on one hour max1mum'
concentrations and numbers of -exceedances of the one hour NAAQS of
0.12 ppm. Data on dlstrlbutlons of concentratlons over various
averaglng times are not normally reported '

b. Indoor Air Relatively few data are available.
A recent review by Weschler et al.. (1989) indicates  that
indoor/outdoor ratio (I/0) varies from 0.2 to 0.8, averaging about
0.5.
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c. Transportation. O3 withiﬁ:tmotof"vehicles is
~ generally lower than in outdoor air because of efficient scrubbing

"..by .tailpipe NO in transportation -corridors. 0, in cabins of

jetliners flying in the stratosphere can be quite high due to high
" concentrations in compressed stratospheric air used to.ventilate
the cabins (NRC, 1988). ' " '
' 4. .Other Electrostatic -air cleaners generate O;
that can be distributed widely through ducts to occupied spaces.
Xerographic copying machines can elevate.Og in rooms containing
them. A major source of occupational exposure is arc welding.

3. >Ingestion Not applicable to Oy

4. Dermal " Not applicabie,tp 04

5. Overall Exposure Biomarkers Not_applidable to O;
B. Populations Exposed

_ 1. Healthy Adults With children,.healthy -young adults
are the most sensitive to. the acute effects of O;) especially those
engaged in active exercise out-of-doors (McDonnell et al., 1983;
McDonnell et al., 1985).

o 2. Infants and Children 'No data on infants. - Children
and adolescents are, with young adults the mostfreéponsive to acute
effects. Children may be at greater risk because of more time out-
of~-doors. S : o ’

3. E;géflz Healthy elderly adults: aré'lesé'responsi&é'>;~

than younger people to O; in terms of acute effects (Drechsler-
Parks et al., 1987; Reisenauer et al., 1988).

4. Susceptible Subgroups Healthy child:én and young‘
adults are the most responsive to O; in terms of acute functional
decrements, and no biomarkers of susceptibility have yet been
identified. Since exercise during exposure potentiates acute
responses, - healthy individuals exercising out-of-doors are an
especially susceptible group. ‘ ’

N

Another susceptible subgroup are asthmatics,'baSed on reports
of increased medication usage and restricted’activitiésﬂduring'high
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o days. Whittemore and Korn (1980) reported that daily asthma
attack rates were increased on days with high oxidant levels in.Los

Angeles area commuhities. Holguin et al. (1985) reported a similar
association for asthmatics in Houston.

Cc. Factors Modifying Effective Dose

1. Activity Level The effect of ventilation rate on
acute functional response has been summarized by Hazucha (1987).
Response increases progressively with minute ventilation over the
range of available data (0-68 I/min) . However, at levels above 80
L/min, increasing ventilation reduces the response (Spektor et
al., 1988). : o : : - '

2. Pre—existing Diseasé, No data available.

3. Constitutional Factors Affectinq’UDtake'and.Reténtion
Studies of regional particle deposition in healthy humans show a
' large degree of variability in conductive airwayvcaliber,.affecting
the distribution and depth of penetration of tidal air (Bohning et
al., 1975; Chan et al., 1980). Combined with 03’ddsimetry models
(Miller et al., 1978; Overton et al., 1987). ' These differences
could account for unexplained variability in acute responsiveness
to 0; among healthy persons. ' '

4. Constitutional Factors Affecting Metabolic
Transformation Not applicable to O;

D- - §Ources A - - .'.~, M A <. - R N : e .

1. Enerqgy Production - Sources of hydrocarbons and
nitrogen oxides vary greatly by region. season, and time of day.
Stationary fossil fuel combustion accounts .for almost half of
ambient NO,. '

o 2. Transportation  Motor vehicles accoﬁnt for almost
31% of NO, emissions and some 26% of the hydrocarbons.
Transportation in'total accounted for 41% of the NO, and 33% of
hydrocarbons. ’
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3. oOther Sources of Hydrocarbons = Other sources of
hydrocarbons vary greatly according to reglon and season. In the
.southeéastern U.S. in the summer the transpiration of trees and
shrubs can be the dominant source. Other significant sources are
fugitive emissions from petrochemical. plants, sewage treatment
plants, agrlcultural operations and consumer product usage.

8.1.1.3 "Toxicity and Health Effects

A. Human - Clinical Studies

1. Laboratory Studies The major focus of the extensive
- body of data on the health effects of a single day's maximum hourly
exposure to ambient O; The 1971 and 1979 NAAQS for photochemlcal
oxidants were based on the maximum 1 hr concentratlons as the
relevant index of exposure, and thls,-ln turn, has focused most of
the clinical research on exposure protocols involving either 1 or
2 hours of exposure. However, recent research has shown that
effects can be produced with exposures as short as 5 minutes (Fouke
et al., 1988)., and that'varlous effects become progressively larger-
as exposures at a glven concentration are éxtended out to 6. 6 hours
(Follnsbee et al., 1988; Horstman et al., 1989) '

There are more data on resplratory ‘function responses than on
any of the other coincident responses to short- ~term O; inhalation. -
The major debate about very small, but statlstlcally s1gn1f1cant
decrements in function from such studies is how to 1nterpret their
health 51gn1f1cance (Llppmann, 1988)

- The- 1nhalatlon of O3 causes concentratlon dependent mean

”décrements in ‘exhaled volumes~ -and ., flow-rates - -during forced~;”

expiratory maneuvers, and the decrements 1ncrease with depth of
_ breathing (Hazucha, 1987). - There is a wide range of reproduc1ble
responsiveness among healthy subjects (McDonnell et al., 1985), and
functional responsiveness to O; is no greater, and usually lower,
among cigarette smokers (Kagawa, 1984; Shephard et al., 1983),
older adults (Drechsler-Parks et al., 1987; Reisenauer et al.,
1988), asthmatics (Koenig et al., 1987; Linn et al., 1983), and
patients with chronic obstructive pulmonary disease (COPD) (Linn et
al., 1983; Solic et al., 1982). The only exception is that
patients with allergic rhinitis had greater changes in alrway
resistance (McDonnell et al., 1987). :
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The effects of O; on respiratory function accumulate over
time. Folinsbee et al. (1988) undertook a chamber exposure study of
10 adult male volunteers involving 6.6 hours of Oy ‘exposure at 120
ppb. Moderate exercise was performed for 50 mln/h for 3 hours in
the mornlng, and again in the afternoon. They found that the
functional- decrements becone progress1vely greater after each hour
of exposure, reaching average values of 400 Ml for forced vital
capacity (FvC) and 540 M1 for forced expiratory volume in one
second (FEV1l) by the end-of the day. Follow-up. studles by Horstman
et al. (1989) were done on 21 adult males with 6.6 hour exposures
at 80, 100, and 120 ppb. The exposures at 120 ppb produced very
similar responses, e.g., a mean FEVLl- decline of 12.3 percent while
those at 80 and 100 ppb showed lesser changes that also became
progressively greater after each hour of exposure.

The time scale for the biological integration of ‘O; exposure
can also be deduced from the rate at. which the effects dlSSlpate.
Folinsbee and Hazucha (1989) studled 18 young adult females exposed
-to 350 ppbta for 70 mln, 1nclud1ng two 30 min periods of treadmill"
- exercise at 40 I/mln. . The responses were highly varlable, from
zero to 40%.- Their mean decrement in FEV1 at. the end of. the
- exposure was 21 percent. After 18 hours, their mean’ decrement was
‘4 percent, while at 42 hours it was 2 percent.. ' ’

In summary, it is now clear that the respiratcry function
effects can accumulate over many hours, and that an appropriate
‘averaging time for transient functional decrements caused by C ‘is
6 hours. Thus, there is less scientific basis for the current
health based exposure limit with an averaging time of 1 hour than
previously believed. Since Os. exposures in ambient air now can

- have broad peaks with 8 hour“averaqes equal to 90 percent. of.. the:-efﬁ

peak 1 hour averages. (Rombout . et al., 1986), the functional
. decrements associated with ambient concentrations are likely to be
much greater than those predicted on the basis of the responses in
the chamber studies follow1ng 1 to 2 hour exposures.

Respiratory symptoms. have been closely assoc1ated with group
'mean pulmonary function changes in adults acutely exposed in
controlled exposures to O; However, Hayes et al. (1987) found only
a weak—tc—moderate correlatlon between FEV1 changes and symptoms
severlty when the analys1s is conducted u51ng 1nd1v1dua1 data.
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Exposure to 0; can also alter the responsiveness of the
~ airways to other bronchoconstrictive challenges ‘as measured by
.changes in respiratory mechanics. For example, Folinsbee et al.
(1988) reported that airway reactivity to the bronchoconstrictive
- drug methacholine for the group of subjects as a whole was
approximately doubled following 6.6 hour exposures to 120 ppb. O;.
on an individual basis, Folinsbee et al. (1988) found no apparent
relationship ' between the O;-associated’ changes in methacholine
reactivity and those in FVC or FEVl1. The follow up tests by
Horstman et al. (1989), involving 6.6 hour exposures to 80, 100 and
120 ppb indicated 56, 89 and 121 percent increases in methacholine
responsiveness respectively. ' L

Koren et al. (1989) reported that an inflammatory response, as
_ indicated by increased levels of PMN, was also ocbserved in BAL
fluid from subjects exposed to 100 ppb 0; for 6.6 hours. The 6.6
hours at 100 ppb O; produced a 4.8% increase in PMNs at 18 hours
after the exposure. Since the amount of O; .inhaled in the 100 ppb
protocol was -2.5 ug, while it was =3.6 ug in a prior 400. ppb
protocol (Koren et al., 1989), we might have eXpected{a'2.5/3.6 X
8.2 = 5.7 times increase in PMNs. The close correspondence of the
observed to expected ratio suggests that lung inflammation from
inhaled O; also has no threshold down to ambient background O;
levels. .

Foster et al. (1987) studied the efféct of évhoﬂr‘exposures.to
200 or 400 ppb 0; with intermittent light exercise on the rates of
tracheobronchial mucociliary particle qlearanCe-in-healthy adult

males. The 400 ppb O; exposure produced a marked acceleration in

particle clearance from both central and .peripheral airways, as_
 well as a 12 percent drop "in FVC. It is of interest that the 200- -

.ppb O; exposure produced a significant acceleration of pértiqie
clearance in peripheral airways, but " failed to produce a.
significant reduction in FVC, suggesting that significant changes
in the ability of the deep lung to clear deposited particles take
place before significant changes in respiratory function take
place.

The weight of the evidence from these results, showing both
functional and biochemical responses that accumulate over multiple
hours and persist for many hours or. days after exposure ceases, is
clear and compelling. ' .
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2. Field Studies Spektor et al. (1988a) found that
children at summer camps with active outdoor recreation programs
.-had greater decrements in lung function than children exposed to 0
at comparable concentrations in chambers for 1 or 2 hours.
Furthermore, their activity 1levels, although not measured, were
known to be cons1derably lower than those of the children exposed
in  the chamber studies while performing very v1gorous exercise.
Since it is well established that ‘functional responses ‘to 0y
increase with levels of physical activity and ventilation (Hazucha,V
1987), the greater responses in the camp children had to be caused
by other factors, such as greater cumulative exposure, or to the
potentiation of the response to 0; by other pollutants in the
ambient air. cumulative daily exposures to O0; were generally
greater for the camp children, since they were exposed all day long
rather than for a 1 or 2-hour perlod preceded and followed by clean
air exposure. ’

A follow-up (Spektor et al. 1988b) study addressed the issue
of the potentiation of the characteristic functlonal response to
inhaled 0; by other environmental cofactors. . It involved healthy
adult nonsmokers engaged in.a daily program of outdoor exerc1se
with exposures to an ambient mixture containing low concentrations
of acidic aerosols and‘NO as well as O;. Each subject did the same
exercise each day, but exercise intensity and duration varied
widely between subjects,. with an average minute ventilation of 79
liters, and with duration of daily exercise averaging 29 min.
Resplratory functlonxmeasurements'werejperformed immediately before
and after each exercise period. O; concentrations during exercise
-ranged from 0.021 to 0.124 ppm. All measured functional indices
showed significant (p<0.01l) O; . associated mean decrements. It was
'concluded that amblent cofactors potentiate the- respo“xse<r to Ozw -

B. Human - Epidemiologz

1. Acute Effects XKinney et al. (1988) studied school
children in Kingston and Harriman, Tennessee, whose lung function
was measured in school on up to six occa31ons during a 2-month
period in the late winter and early spring. child spec1f1c
regressions of function versus maximum 1l-hour O; " during - the

previous day indicated significant associations between O; and -

function, with coefficients similar to those seen in the summer
camp studies’ of Lippmann et al. (1983) and _Spektor et al. (1988a).
Since chlldren in school may be expected to have relatively low
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activity levels, the relatively high response coefficients may be
due to' potentiation by other pollutants or to a low-level of

.....Seasonal adaptation. Kingston-Harriman is. notable for its

relatively high levels of aerosol acidity. As shown by Spengler et
al. (1989), Kingston-Harriman has higher annual average and higher
peak acid aerosol concentrations than other cities studied, i.e.,
Steubenville, Ohio; St. Louis, Missouri; and Portage, Wisconsin.
Alternatively, the relatively high response coefficients -could have
been due to the fact that the measurements were made in. the late_
winter and early spring. Linn et al. (1988) have shown evidence
for a seasonal adaptation, and children studied during the summer
may not be ‘as responsive as children measured earlier in the year.

2. Chronic Effects Epidemiologic studies of populations
living in Southern California suggest that. chronic oxidant
exposures do affect baseline respiratory function. Detels et al.
'(1987) compared respiratory function at two points in time five
years apart in Glendora (a high oxidant community) and in Lancaster
(a lower oxidant community-but not low by national standards).
Baseline function was lower in Glendora, and there was a greater
rate of decline over 5 years. The annual change in lung function
in Glendora was much greater than that in Lancaster, that, in turn,
was much greater than that in Tucson, Arizopa;(Knudson et al.,
1983) for a comparable population of Caucasian non-smokers. - The
second highest 1.hbur~03 concentrations in Tucson in all of 1981,
1982, and 1983 were 100, 120 and 110 ppb (EPA, 1986). In Lancaster
there were 58 days in 1985 witp 1 hr O0; maxima greater than 120
ppb, while in Azusa, adjacent to Glendora,  there were 117 days in
1985 with 1 hr 0; maxima greater than 120 ppb. Thus, the three
different rates of.function decline appear to suggest an exposure-

~ response ~relationship with -~ potentially -significant - h@althrfffi

importance.

~ Further evidence for chronic effects of O; were recently
reported by Schwartz (1989) based upon an analysis of pulmonary
function data in a national population study in 1976-80, i.e., the
second National Health and Nutrition Examination Survey (NHANES
IT). Using ambient O; data from nearby monitoring sites, he:
reported a highly significant O associated reduction in lung
function for people living in areas where the annual average Og
concentrations exceeded 40 ppb. On the other hand, there were no
significant correlations with other indices of O éxposure, and the
results should be interpreted cautiously at this time.
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Cc. Animal Toxicolody

1. Acute Effects -Studies in laboratory animals have
examined the roles of O; 'concentratlon and exposure time on
biochemical and cellular responses. Rombout et al. (1989) exposed

mice and rats to 380, 750, 1250, and 2,000 ppb O; for 1, 2, 4, and '

8 hours, and measured broncho-alveolar lavage (BAL) protein with
both daytime and nlghttlme exposures. Observation times extended
from 1 to 54 hours. The responses varied with Oy concentratlon,
duration of exposure, time after the start of the exposure, and
minute volume, with time ‘'of exposure having a greater than
proportlonal influence. For 4 and 8-hour exposures, the protein
content of BAL peaked at 24 hours, and-remained at’ elevated levels
even at 54 hours. As indicated previously, Koren et al. (1989)
found increased BAL protein in humans 18 hours after an exposure to
100 ppb 03_ for 6.6 hours. '

The effects of O; on mucociliary particle clearance have been
studied in rats .and rabbits. - Rats exposed for 4 hours to O;.
exhibited a slowing of particle clearance. at. 800 ppb (Frager . et
al., 1979; Kenoyer et al., 1981). Rabblts exposed for 2 hours at
100, 250 and 600 ppb O; showed a concentration dependent trend. of
reduced clearance rate with increasing concentrations, with the
change at 600 ppb being - 50 percent and 51gn1f1cantly dlfferent
from control (Schle51nger and Driscoll, 1987).

. Phlpps et al (1986) examined the effects of acute exposure to

O3 on some of the factors that affect mucociliary transport rates
in studies in which sheep were exposed to 500 ppb O; for 2 hours
-on two consecutlve days. The exposures produced 1ncreased basal
secrétién. of sulfated glycoproteins, -but--had no effect..on ion ..

fluxes. Their hlstologlcal examination indicated a moderate .

hypertrophy of submucosal glands in the lower trachea, and ‘they
concluded that the exposure caused alrway mucus hypersecretlon.

' studies of the effects of O on alveolar macrophage mediated_‘
particle clearance during the flrst few weeks have also been
performed in rabbits. Rabbits exposed to 100, 600, or 1200 pprb O
once for 2 hours had accelerated clearance at 100 ppb and retarded
clearance at 1200 ppb. Rabbits exposed for 2 hours/day for 13
consecutive days at 100 or 600 ppb Oj "had  accelerated clearance
for the first 10 days, with a greater effect at 600 ppb (Drlscoll'
et al., 1986).

' /
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The responses of the alveolar macrophages to these exposures
was examined by Driscoll et al. (1987). These studies demonstrated
significant alterations in the numbers and functional properties of
alveolar macrophages as a result of single or repeated exposure to
100 ppb ozone, a level frequently encountered in areas of high-
~ photochemical air pollution.

Both in vivo and in vitro studies® have  -demonstrated ,that O
can affect the ability of the immune system to defend against
infection. Increased susceptibility'td'badterial infectionhhas'been
reported in mice at 80 to 100 ppb O for a single 3 hour exposure
(Coffin et al., 1967; Ehrlich et al., 1977; Miller et al., 1978).
- Related alterations of the pulmonary defenses caused by shortfterm:
exposures to O; include: impaired ability to inactivate bacteria
in rabbits and mice (Coffin et al., 1968; Coffin and Gardner, 1972;
Coldstein et al., 1977; Ehrlich et al., 1979), and impaired
macrophage phagocytic activity, mobility, fragility and membrane
alterations, and reduced lysosomal enzymatic activity (Witz et al.,
1983; Dowell et al., 1970; Hurst and ‘Coffin, 1971; Hurst et al.,
'1970; Goldstein et al., 197la; Goldstein et al., 1971b; McAllen et
"al., 1981; Amoruso et al., 1981). Some of these effects have beeén
shown to occur in a variety of species including mice, rats,
rabbits, guinea pigs, dogs, sheep, and‘mdnkeys. ' o

Other studies indicate similar‘effects for short-term and
subchronic exposures of mice to O combined with pollutants such
as S02, NO,, H2S04 and particles (Gardner et al., 1977; Aranyi et
al., 1983; Ehrlich, 1980; Grose et al., 1980a; Grose et al., 1980b;
Phalen et al., 1980). similar to human'pulmonaryngnction response
to O; . activity levels of mice exposed to O; has been shown to play
“djfblejin“determining'thewiowesb-effective~concentratiénmthatw‘
alters the immune defenses (Illing et al., 1980). .In addition, the
duration of exposure must be considered. In groups of mice exposed
to 200 ppb 0; for 1, 3, or 6 hours, superoxide anion radical
production decreased.8, 18, and 35%, respectively, indicating a
progressive decrease in‘bacteriocidal.capacity with increasing
duration of exposure (Amoruso and Goldstein, 1988).

The major limitation of this large body of dataAlon.'thé
influence of inhaled O; on lung infectivity - is that it

. requires uncertain interspecies extrapolating in order to estimate -
the possible effects of Oy on” infectivity in humans. *.
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. 2. Chronic Effects It is well established that
repetitive daily exposures, at a level which produces a functional
response upon single exposure, result in an enhanced response on
the second day, with diminishing responses on days 3 and 4, and

virtually no response by day 5 (Farrell et al., 1979; Folinsbee et
al., 1980; Hackney et al., 1977). This functional adaptation to
exposure disappears about a week after exposure ceases (Horvatﬁ et
"al., 1981; Kulle et al., 1982). The adaptation phenomenon ‘has led

some people to conclude that transient functicnal‘decrements'are
not important health effects. On the other hand, recent research
in animals ‘has shown that persistent damage to 1lung cells
accumulates even as functional adaptation takes place. Tepper et
al. (1987) exposed rats to 350, 500, or 1000 ppb -0, for 2.25 hours
on five consecutive days. Carbon dioxide (8%) was added to the
exposure during alternate 15 min periods to stimulate breathing and
thereby increase Oy uptake and distribution. Tidal volume,
frequency of breathing, inspiratory time, expiratory: time -and
' maximal tidal flows were affected by O; dufing day 1 and 2 at all
0; concentrations. By day 5, these O; responses were completely
adapted at 350 ppb;”greatly'attenuated at 500 ppb, but showed no
signs of adaptation in the: group exposed to 1000 ppb. -Unlike the
pulmonary function data, light microscopy indicated a pattern of
progressive epithelial damage and inflammatory changes associated
with the terminal bronchiole region. These data suggest that
attenuation of the jpulmonary functional response occurs while
aspects of the tissue response reveal progressive damage.' ‘

The effects of multi-day qsexposﬁres of laboratory animals onf
~ particle clearance from the lungs and on lung infectivity were

* - reviewed previously.. .They also shcw,thatj03,-induced”trqp§ieqt_;4'

' effects ‘often become greater with repetitive exposures: - - - - ~ .

Last (1989) reported synergistic interaction in rats, in terms =
of a significant increase in lung protein content, following 9 day -
exposures at 200 ppb O; with 20 or 40 pg/m H,S0,, and a non-
significant increase for 9 days at 200 ppb 0, ~with 5 ug/m315804.

The highest 0; dose is received at the -acinus, where the
terminal bronchioles lead into alveolar ducts, and a series of
studies has shown that the effects of inhaled O; on lung structure
is also greatest in this region. Using morphometric techniques
selectively focussed on this limited region of the lung. Barry et
al. (1985) showed that significant changes occurred in the alveoli
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just distal to the terminal bronchioles in rats exposed for 12
hr/day for 6 or 12 weeks .to 120 or 240 ppb O; From physiological
studies of rats that were simultaneously exposed Raub et al. (1983)
reported that there were significant increases in the vital
capacity and end expiratory volume that suggested alterations in
distensibility of the lung tissue.
~ ~The plausibility of accelerated aging of the human lung due-to
chronic O, .exposure is greatly enhanced by the results of recent
chronic animal exposure studies in rats and monkeys, especially
thosé in rats of Huang et al. (1988) and Grose et al. (1989) using
a daily cycle with a 180 ppb average over 9 hrs superimposed on a
13. hr base of 60 ppb, and those in monkeys of Hyde et al. (1989)
and Tyler et al. (1988) using 8 hr/day of 150 and 250. ppb.: The
persistent cellular and morphcmetric‘changes_produced by these
exposures in the terminal bronchioles and proximal alveolar region,
and the functional changes consistent with a stiffening of the lung
reported by Raub et al. (1983) and Tyler et al. _(1988) are
certainly consistent with the results of the epidemiological'
studies. : . : L

_ There has long been interest in the possible rdlé of O0; in
- lung : cancer  because of its radiomimetic properties. A
comprehensive review of these issues has recently been,prepared‘by'
Witschi (1988). His analysis indicated that there is, to date, no
epidemiological or experimental evidence. to support the hypothéSis
~ that 0; is a pulmonary carcinogen. There are data that show that
0; increases the incidence of lung tumors in strain A mice, but

the tumor yield can be either increased or decreased depending on

the exposure protocol... Also, . the _proliferation of pulmonary o

" peturoendricrine &ells,” the  precursor  cells -for smallmcellmlung
cancer can be altered by O; exposﬁre. Witschi concluded that
there is little evidence to implicate O; as a pulmonary carcinogen,
but that it might modify and influence the carcinogenic. process in
the lung. IR o '

3. Mechanistic Studies investigating méchanismS< of O,
toxicity in animals have been included in the previous‘discussions.
The best discussion on the mechanisms of the . acute functional

responses in humans was recently presented by HaZucha‘et_al'(1989).

a J
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D. Tn-Vitro Assays

1. Genotoxic Effects An EPA Criteria Document (Air Quality
Ccriteria for Ozone and Other Photochemical oxidants, 1986) reviewed
the genotoxic effects of ozone. It noted that "the mutagenic
properties  of 0; have been demonstrated in procaryotic and
eucaryotic cells. Only one study, however, (Hamelin and Chung,
1975a, with E. coli) investigated the mutagenic effect of.0O; at

concentrations of less than 1 ppm. The results clearly indicate
" that if cells in cultures are exposed to ‘sufficiently high
concentrations of O; for significantly long periods, mutations will
result. The relevance of the presently described investigations to
' human or even other mammalian mutagenicity is  not apparent.
Additional studies with human and other mammalian cells will be
- required before the mutagenic potency of O; toward these species

can be determined." : - : '

A more recent review of the pathobiology of Oj—induced damage
at the cellular and molecular levels by Steinberg et al., (1990)
concluded that 03»linearizes circular DNA and induces O; sensitive
pneumocytes to repair its DNA. DNA adducts from O; éxposure free -
radical damage effect--aging, cellular transformation, mutagenesis,
carcinogenesis, and cell death. DNA-binding proteins -are potent
positive and negative regulators, enhancers, or silencers of gene
expression. Part of their action ,may be related to their ability:
to initiate the binding sequence of DNA transcription proteins and
thus form complexes. Alteration of DNA-binding sites by O; adducts
 may affect mRNA transcription due to altered-binding by DNA-binding
proteins. - : : S

In a recent study vy Harder et -al.,- (1996) the effect of in
vitro O; exposure on human peripheral blqu'natural.killer (NK)
cell activity was measured using K562 tumor target cells.  The NK
activity was inhibited in a time-dependant manner with marked
suppression observed after 6 hours_at'threéudiﬁferent levels of O
exposure (1.0, 0.5, and 0.18 ppm) and effector cgll:target (E:T)
ratios (50:1, 25:1, and 12.5:1) compared to air controls (p <
0.05). The capacity of O; exposed NK cells to kill tumor cells
decreased in a linear fashion as the level of O; increased from
0.18 to 1.0 ppm (p = 0.006 at 50:1; 0.004 at 25:1). Unexposed
cells treated\with supernatant from 03.ékposed cells showed no
decrease in NK activity. ' : -
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5. cellular Function Leikauf et al. (1988) investigated
the hypothesis that oxidant damage to the tracheal epithelium may
result in elaboration of various eicosanoids. To examine
eicosanoid metabolism after exposure to 100 ppb to 10.0 ppm ozone,
epithelial cells derived from bovine trachea were isolated and
grown to confluency. Monolayers were alternately exposed to ozone
and culture medium for 2 hours. There were O;-induced increases in
cyclooxygenase and lipoxygenase product formation. =~  Ozone
concentrations as low as 100 ppb produced an - increase in
prostaglandin F,,- Thus, ozone can augment eicosanbid-metabolism'
in airway epithelial cells. ’ ‘

' In a study focussed on the effects of the 6 week exposures at

250 ppb on the terminal bronchioles, Barry et al. (1988) reported
" that exposure to Oy produced alterations in the surface
.characteristics of ciliated and nonciliated (Clara) cells in rats..

Rats were also exposed to O in tests in which there was a
daily cycle with a baseline of 60 ppb for 13 hr with a 5 day/week
 broad peak for 9 hr averaging 180 ppb and containing a 1 hr maximum
of 250 ppb for a period of 3 or 12 weeks. Combining the-results.éf
all these tests, Huang et al. (1988)’reported‘thatvhyperplasia of
-type I alveolar cellsvih the proximal alveoli was 1iﬁear1y related
to the cumulative 03‘.exposuré. Thus, there is no threshold for
cumulative lung damage and any future standard to protect against
' chronic health damage from O; should have a seasonal or annual

averaging time. ' ' ' o

. Rats exposed for 6 weeks to clean air or to O, using the
daily cyclic'expesure»regimen.used by Huang et al.  (1988) were

" exposed once for 5 HE "to an asbéestos aerosol by  Pinkerton -et al:-
(1988) . When sacrificed 30 days later, the ‘fiber count in the

lungs of the 03 exposed animals were 3 times greater than in the

sham exposed animals. Thus, subchronic Oy . exposure can increase

. the effective dose of insoluble particles that may have "toxic
and/or carcinogenic effects. ' ) . '

One year of O; exposure to the same daily cycle‘CauSed: (1)
functional lung changes indicative of a ngtiffer" lung; (2)
- biochemical changes suggestive of increased antioxidant metabolism;
and (3) no observable immunological changes (Grose et al., 1989)..
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Studies at relatively low Oy concentrations have also been
done in monkeys. Hyde et al. (1989) . exposed them to 0y for 8
hr/day for 6 or 90 days to 150 or 300 ppb. Responses included
ciliated cell necrosis, shortened cilia, and secretory cell
_hyperplasia with less stored glycoconjugates in the nasal region.
Respiratory bronchiolitis observed at 6 days persisted to 90 days
of exposure. ~Even at the lower concentration. of 150 ppb'03,
nonciliated bronchiolar cells appeared hypertrophied and increased
in abundance in respiratory bronchioles. '

For some chronic effects, intermittent exposures can produce
greater effects than those produced by.a continuous exposure regime
that results in higher cumulative exposures. For example, Tyler et
al. (1988) exposed two groups of 7 month old,malé monkeys to 250
ppb O; for 8 hr/day either daily or, in the seasonal model, on
days of alternate months during a total exposure period of 18
months. A control group breathed only filtered air. Monkeys from '
the seasonal exposure model, but not those exposed daily, had
significantly increased total lung collagen content, chest wall
compliancé,vand‘inspiratory capacity. . All monkeys exposed to 0O;
had respiratory bronchiolitis with significant increases in related
morphometric parameters. Even - though the ~seasona1ly. exposed
monkeys were exposed to the same concentfation of Oy for only half 
as many ' days, they had larger biochemical and . physiological
alterations and equivalent morphometric changes as those exposed
daily. Lung growth was not completely normal in either exposed
group. Thus, long-term effects of oxidant air pollutants that have
a seasonal occurrence may be more dependent upon the sequence of.
polluted and clean air than on the total number of days of
pollution, and estimations of the risks of human exposure to
seasonal-air pollutants -from -effects-observed -in arimals..exposed .

daily may underestimate long-term pulmonary damage.

The preceding chronic animal exposure studies Were]performéd
at concentrations that occur frequently in ambient air, at least in
Southern California. Thus, the effects observed may be considered
directly relevant to human health, _especially in view of our
knowledge that humans receive even greater local doses of O in-’
the vicinity of the acinus than do rats. '

. A number of other interesting chronic exposure, studies have
-been done in animals with"O5 Concentrations in-the range of 300 to
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1000 ppb. Those of them that appear to provide useful 1ns1ghts into
mechanisms of toxic action have been reviewed by Llppmann (1989).

E. Structure-Activity Relationship Not applicable to O

F. Biomarkers of Response .Not applicable to Oz

G. Overall Toxicity Assessment 'In terms - of functional
effects, single O; exposures to healthy non-smoking young adults
at concentratlons in the range of 80-200 ppb produce a complex
array of pulmonary responses including decreases in respiratory
" function and athletic performance, and ' increases in symptoms,
airway reactivity, neutrophil content in lung lavage, and rate of
mucociliary particle clearance. Responses to O in purlfled -air
in chambers occur at concentrations of 80 or 100 ppb when the
exposures involve moderate. exercise over 6 hr or more and require

concentrations of 180 or 200 ppb when the duration, of exposure 1s"‘

5 hr or less. On the other hand, mean FEV1 decrements 5% have been
seen at 100 ppb of Og in ambient air for children .exposed all day
at summer camps and for adults engaged in outdoor exercise for only
1/2 hr. The apparently greater responses to peak O; concentratlons.
S in ambient air may be ‘due to the presence of, or prlor exposures

to, acidic aerosol but further 1nvest1gatlon of this tentatlve ‘

hypothesis 'is needed.

. Further research is ©also needed to establish the
' interrelationships between small transient functional decrements, .
such as. FEV1, PEFR, and mucociliary clearance rates, that may not
in themselves be adverse effects, and changes . in symptomns,

- performance, reactrv1ty, permeability and neutrophll counts.'_The}

latter may be more clogely associated- with aGVer51ty in-themselves
or in the accumulatlon or progression of chronlc 1ung damage.

‘Successive. days of exposure of adult humans in. chambers to O
at current high ambient levels leads to a functional adaptation in
that the responses are attenuated by the third day,’ and are
negligible by the fifth day.. On the other hand, a comparable
functional adaptation in rats does not prevent the progressive
damage to the lung epithelium. Daily exposures of animals also

_lncrease other responses in comparison to single exposures, such as,

a loss of cilia, a hypertrophic response' of Clara  cells,
‘ alterations in macrophage function, and alteratlons in the rates of
particle clearance ‘from the lungs.
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For children exposed to O; in ambient air there was a week-
long baseline shift in peak flow following a summer haze exposure
of four days duration -with daily peak Oy concentrations ranging
from 125 to 185 ppb (Lioyatch, 1985). Since higher concentrations
used in adult adaptation studies in chambers did not report such
effects, it is possible that baseline shifts require the presence
of other pollutants in the ambient air.- - B

Chronic human exposures to ambient air appear to produce a
functional adaptation that persists for at least a few months after:
the end of the Oy season, but which dissipates by the spring.
Several population-based studies of lung function indicate that
there may be an accelerated loss of lung function associated with .
living in communities with persistently‘elevated,ambient 0;, but
the limited ability to accurately assign exposure classifications
of the various populations in these studies makes a  cautious
assessment of these provocative data. prudent.

The plausibility of accelerated aging of the human lung due to
.chronic 0; exposure is greatly enhanced by the resﬁlté-qf a series
- of chronic animal exposure studies in rats and monkeys. There is
1ittle reason to expect humans to be less sensitive than rats or
monkeys. On the contrary, humans have a greater dosage delivered
to the respiratory acinus. than do rats for the same exposures.
Another factor is that the rat and monkey exposures were to
confined animals with little opportunity for heavy exercise. Thus
" humans who are active outdoors during the warmer months may have
greater effective 0; exposures than the test animals. Finally,
humans are exposed to O in ambient mixtures. The potentiation of.
the characteristic. 0, responses by .other ambient air constituents
. seén in the shdrt—térm'expdsure~studiesrinfhumans;and animals may
also contribute toward the accumulation of chronic lung damage from
long term exposures to ambient air containing O;. ‘

8.1.1.4 'Risk Characterization

A. Combining Exposure and Toxicity Assessments

1.Individual Risks Individual risks are highly
variable. In terms of acute functional and symptomatic résponées
they vary enormously among healthy individuals for reasons that are
currently unknown. Prolonged daily exposures to some healthy
individuals engaged in moderate exercisé at concentrations within
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‘the current NAAQS produce as much as 40% loss in forced vital
capacity, while others show 1little, if any response. Since
_ function decrements greater than 10% are considered adverse
(Lippmann, 1988), and since many millions of people are subject to
such exposures while exercising one or more times each year, there
is a very high, but unquantitated risk of a marginally significant
acute response to large numbers of people. . o

The concomitant changes in lung reactivity and inflammation
that these widespread exposures also produce are potentially quite
important in terms of an accelerated aging of the lung. However,
the risk of such an effect cannot be gquantitated. - '

2. Population Risks The population risks are the
summation of the individual. risks. Since the latter cannot be
‘quantitated at this time, neither can the former.

B. Descriptions of Risk

1. Absolute risk levels for acute responses have been
calculated in the 1988 O; Staff Paper. However, these risk levels
are undoubtedly too low since they were based largely upon the
results of 1 and 2 hour chamber exposures to Oy in purified air.

"This is due to the greater cumulative outdoor .exposures and the
likelihood that outdoor air contains factors that potentiate the
characteristic 0; response. : ’

2. Relative and Marginal - Relative ‘and marginal risks
cannot be determined for a ubiquitous pollutant such as 03' There
is no evidence -for . a threshold exposure for acute response, and no

population which can be considered -unexposed.: e e A

C. Risk Projections

1. With current Controls Exposures are not likely to
decline significantly. New motor vehicles emit less hydrocarbons
and NO, than those being scrapped, butgthe'projectéd increases in
vehicle miles travelled should at least partially balance the
reduced unit rate of emissions. ' ‘

2. With Enhanced Controls The effects will depend on

the kinds of controls implemented. Further hydrocarbon ‘emission
controls on anthropogenic sources can have only a modest effect of
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ambient O;, unless there are also major reducti'ons'vin_ NO, emissions.
Natural hydrocarbons, combined with uncontrollable small sources
.will still combine with NO, to produce O; at levels that produce
measurable acute responses. On the other hand, tight controls on

tailpipe and power plant stack emissions of NO, could substantially
reduce ambient Oy concentrations. ' -

3. With Relaxed Contro‘ls' Exposures and effects woﬁld
rapidly increase. - : - , .
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8.1.2 Radon Case Study

Dr. Arthur Upton
New York University

: Dr. Jonathan Samet i . Dr. Julian Andleman
University of New Mexico . - .= -~ . =University of -Pittsburgh. .
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a,l.z.i Tntroduction

A, Initial Evidence for Effects on Human Health

Of the various sources of ionizing radiation to which the
general population is = .
exposed, indoor radon
contributes the greater
part of the average dose
(NCRP, . 1987), and is

thought to be the most |
" important from the |
standpoint of risk to
human health (Table
8.1.2.1, Figure
8.1.2.1). The role of

radon in the causation e = .

. ._ Figure 8.1.2.1 The ‘percentage
of lung  cancer 1IN goptripution of different sources ‘of
‘underground miners Dnas radiation to the average total effective
'been + recognized for dose equivalent to members of the U.S.
'. decades. Although iron, population (From NCRP, 1987)
‘zinc, silver, and
uranium  mines
contain other
potential carcin-
nogens, - the high
radon levels in the
air of such mines
have been impli-
_icated as the main
cause of the in-
creased rates of
lung cancer in the
miners = (NAS/BEIR,
1989) . '

“Internal 11% ' ‘ : -

Cosmic 8%

QOther 1%

Radon §8%

While the
average levels of
radon in the air
inside ‘buildings
tend to. be only 2 gy g.1.2.1 Mortality from lung cancer in.

fraction.‘ of the pajor cohorts of underground miners (from
levels in current puskin and Nelson, 1989)
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underground mines, the epidemiological data on miners imply that
radon may pose some risk of lung cancer even at the low levels '’
customarily encountered in private houses (NAS/BEIR, 1988).
Moreover, many homes have been identified with concentrations
' comparable to those in mines where workers have been found to be at
increased risk of lung cancer. Thus, the recent recognition that
radon 1is ©present in - all homes and at wunacceptably high
concentrations in many houses and other buildings has prompted
concern about the health hazard that radon may pose to the public
(NCRP, 1984a, 1984Db). :

- History of Requlation/Guidelines

" Radiation - protection guidelines for radon, established
initially to prevent the excessive occupational exposure of
underground miners, were extended to the general U.S. population in
1984, when the National Council on Radiation 'Protection and
Measurements (NCRP, 1984a) recommended that the annual exposure of
members of the public not exceed 2 WIM per year®. ‘This was’
followed by the recommendation from EPA, in 1986, that the average
annual concentration of -radon -in the indoor air of houses not
exceed 4 pci 1°' (EPA, 1986), and by the récommendation. from ICRP,
'in 1987, that the concentration of radon in the indoor air of new
and existing houses not exceed 7 and 14 Pci 1"' (100 and 200 Bq m>
EEC), respectively (ICRP, - 1987). In ,parallel with . these
developments at the national and international levels, similar
attempts to limit exposure to radon have been made by agencies at
the State and local levels (e.g., Reilly, 1988; Nichols . and
Stearns, 1988; Roessler, 1988). o ' o

'8.1.2.2  ‘Current Knowledge Of Exposures SR

The radiation dose from radon is delivered by short-lived,
alpha-emitting decay products, a, large fraction .of which is
attached to the inhaled background aerosol.. Both attached and
unattached decay products deposit in the respiratory tract. .The
resulting radiation dose, delivered to critical sites along the
lining of the respiratory tract, is highest in the bronchial
airways, the sites at which most lung cancers arise.

6 1 WIM = 1 WL for 170 Hr = 2 x 107 J m3 x 170 Hr =
3.4 ¥ 103 J Hr m™3. ' ;

\
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Exposure of the U.S. population to radon first became a matter
of public concern in Grand Junction, Colorado, where uranium
milling wastes containing radium were used as fill. Concern later
developed in areas of Florida and Montana where phosphate rock was
mined. Subsequently, surveys in other parts of the country made it
. evident ‘that homes. in many areas contained elevated levels of
naturally occurring radon.. Although the Reading Prong area in
Pennsylvania, New »Jersey;'»and ‘New York ‘has received special
attention, many other areas have a significant proportion of homes

in excess of the 4 Pci 1-! action guideline recommended by EPA.

Radon is the immediate decay product of radium, that is
present at low concentrations (40 Bg kg'; 1 Pci g'') in most soils
and rocks. The average rate of release of radon from the soil--
about 0.2 Bq:m'2 (0.5 Pci mq).per second--can be calculated to cause
an average concentration of radon in the overlying outdoor air of
about 8 Bq»mg.(o.z pCi 1"'). Radon, with a half-life of 3.8 days,
is released from soil near the ground surface and is dispersed
upward by convection. - Under inversion conditions, however, the
upward dispersion of radon is l1imited, so that most locations show.
concentrations rising at night. and falling in the morning.
Seasonal cycles also occur, depending on location, freezing of the
ground, rainfall, and other factors. The radon decay produéts are
at about 70 percent of equilibrium outdoors, the unattached
fraction being somewhat below 10 percent of the total radon
‘daughter concentration. With this degree of. equilibrium, the
estimated average outdoor concentration (8 Bg m3, or 0.2 pci 1Y)
' corresponds to a WL of about 0.001 and thus an annual exposure of

0.05 WL/ for anyone remaining outdoors all of the time.

Radon féIéased”'inﬁO]fan“.énclbsed;“space;”,as-minu a ~mine  or
building, cannot disperse into the atmosphere and',ﬁﬁérefore
gradually increases in concentration. The major source of radon in
the air inside a building and the soiljbeneath'and adjacent to. the
building, although release from the water supplyj may also be
significant in some. locations. The observed values of indoor radon
show a log-normal distribution (Tables 8.1.2.2 and 8.1.2.3), the
numbers of buildings with concentrations 10-100 times the average
value being disproportionately large compared with the numbers
expected from a normal distribution (NCRP, 1984b), and the
percentages of buildings with high concentrations varying among

7 (2 x 10 Jh m?)
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surveys (Table 8.1.2.4)

The highest indoor
radon concentrations
have been measured in
the basenments of
single-family houses,
concentrations on
higher floors de-

creasing somewhat. The

concentrations. in high—
rise apartments and
public' buildings "have
generally been much
lower, largely because
of their greater
ventilation and more

substantial foun-
dations, ‘'and physical
separation from

basement air.

As discussed by
Robkin (1987), radon
concentrations in the
air of homes in the
U.S. have been measured
widely. Geometric mean
air concentrations for
single-family homes are

. about 1 Pci/L. This

has been estimated to
‘be about equivalent to
0.005 working 1levels
(WL) . However, some
" homes have been found
to have concentrations
greater than or equal
to one WL.

Table 8.1.2.2 Distribution of houses and
radon-induced 1lung cancer risk with
respect to radon concentration
(Distribution I, Puskin and Nelson, 1989)

Table 8.1.2.3 Distribution of houses and-
radon-induced  lung cancer risk with.
respect to radon concentration
- (Distribution II, Puskin and Nelson, 1989)

Table 8.1.2.4 Reported -distribution of
radon in U.S. living areas. ' -

_Generally,surQeys show that the concentrations are distributed
approximately log-normally (see Fig. 8.1.2.2 from the Robkin
article). Such distributions from surveys in the eastern part of:
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the U.S.
distribution = curves
can, however,
considerably regionally
(George and Hinchliffe,
1987), as shown 1in
Figure 8.1.2.3. Even
in a given community
indoor . air
trations wvary, do
concentrations in
different parts of the

as

house, and by season
(see their Figure
8.162.4)-

One would expect E

that air-infiltration
rates would . have a
substantial effect
indoor-air
trations
However,
rates and
controlling
operate as well, the
effect of ventilation
rates may not be great,

of

other
factors

as shown by Nero.et-.al.

(1983). " Figures”
.1.2.5 and 8.1.2.6
‘show a wide scatter of
radon concentration
among homes when |
plotted against |
ventilation rate.

However, when a

frequency distribution

plot is made of the
product. of - air
concentrations = and

‘rates

ventilation

show that the
means and slope of the |

vary

concen-

on

concen-
radon.

because source

Percemt of Houses

222 An Concentratnon pc‘/l

Figure 8.1.2.2 Distribution of radon 222
concentrations in single-family homes for
552 sites (after Robkln, 1987, based on

T ITHAT v 1 VTHIH T F TTTTH]

45 55 65 75
% Homes « Given Concentration

N
L4

— lelnq Area-Summer 4= Llving Aroa-Winter

Figure 8. 1 2.3 Dlstrlbutlon of radon
concentration in residential buildings in
Morris County, New Jersey (after George

T T TIHH TrTTT l:ll;llm .

6 70 80. -
% Homes ¢« Given Concentration

]
.9

- Long {stand, N.Y.
-2- Alhany, N.Y.

=t Bavannsh River, 8.C.~%
== N, V.-D.CI~MD :
Figure 8.1.2.4 Distribution of radon
concentrations -in 1living areas during
winter in different. geograph1cal 1ocat10ns
(after George & Hlnchllffe, 1987)

Luzerne County, PA.
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Paaon 222 concentration (pOVI)
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0.4 - 041 o 1ol
Air change rate (hrl10) Air change.rate (hrl10)

Figure 8.1.2.5 Radon-222 - Figure  8.1.2.6 Radon-222

concentrations vs. ventilation concentrat;ons vs ventilation

rates in 17 “energy-efficient" . - rates in 29 houses in the San

houses (after Nero, 1983) Francisco area;‘(after- Nero,
1983)

(Figure 8.1.2.7), there seems to be :
a distribution around a mean. such varJ.atJ.ons could result from
differences in the nature of the sources from house to house, and
from differences in design and constructlon, as ‘well as. temporal
fluctuations in the source.

Radon has been surveyed
" in groundwaters of the U.S..

5 Percentage of houses

(Longtin,. 1988). Table
8.1.2.5 summarizes the
population-weighted averages

for - radon concentrations
(Pci/L) in various states.
This displays data from two
sources, one an EPA National
Inorganlcs and Radionuclides |

0 :
001 0050075 1.0 0.2 05 075 1.0 2

Survey. (NIRS) of 1000 U.S. } . """ Radon source magnitude
public groundwater - supply | sessden oo s 7
systems randomly seélected from Figure 8.1.2.7 . Frequency
four population categorles. distribution of radomn source

The two surveys indicate that magnltudes calculated from the data
‘ in Figs. 8.1.2.5 and 8.1.2.6_ by
taking the = product .of *Rn

.concentrations (600-800 Pci/L) goncentrations and ventilation rate
for sites with populations (after Nero, 1983)

<1000 were. hlgher than those for the sites >1000 (about 200 P01/L)
There was a large range in average concen-: tratlons among the
states. As shown in Figure 8.1.2.8, a very small number of
supplies have radon concentrations greater: than ‘10, 000 Pc:L/L in
water, and about 80% have less than 500 Pc1/L. -

the U.S.  state-average
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Table 8.1.2.5 Populatlon—welghted averages for

radon activity (Pci/L)

(After Longtin,

125

1988)

Prichard and Gesell
(1981) have es-
timated population
exposures to radon.
volatilized indoors
from water.  They
estimated that the
average . radon

“indoor air  con-

centration em-
anating from 1000
Pci/L in  water-
might  vary from

0.01 to 0.1 Pci/L

in air, depending

‘'on the nature of
' the dwelling. The

water use-weighted
volatilization rate

" of radon from water

is typically 50%.
Others have es—
timated that the
ratio of the air-

‘to-water con-

centrations in U.S.

i homes, C,/C,, WOuld

be typically 107

consistent with the
high estimate of
Prichard and
Gesell. o

Andelman and co-
workers have
measured the-
volatilization of
chemicals from
indoor uses of
water, and have
-shown that these
inhalation

exposures from



. .those from the  direct § sov

showers, baths and other water

. ) . Occurrence-Percent
uses is at least comparable to 80

ingestion of water (Andelman, 407
1985). In a recent assessment 907’
of  such exposures it was f§ *] . - P
judged that a whole house b . '

inhalation -exposure for an " 0-100 | 100-800 | B00-1000 |1000-8000 [5000-10000] 10000
adult spending 24 hours in a [HESS| 824 42.5 10.1 - 1.8 22 22
home W Qul d be i ven by NIRS 28.3 48.8 n7 8.9 12 1

. 9 , - Activity-pCi/L

= Y . co : B eSS ZZNIRS

=.(0.2 to 10) C,

Flgure 8.1.2.8 Occurrence of.radonl

where E is +the inhalation in drinking water

exposure (in the case of radon, Pci/day) and C, the concentratlon
.in water, Pci/L (Andelman, 1990). Thus, for example, if the water
supply concentration contains 1000 Pci/L, this would constitute a.
24-hr predicted inhalation exposure expected to range from 200 to

- 10,000 Pci. For comparison, a typical U.S. indoor-air

‘concentratlon of 1 pCi/L would lead to an 1nhalatlon exposure of
about 20,000 pCi/day. It should be empha51zed that “1nha1atlon
‘exposure“ refers to. the quantlty of radon 1nhaled.»

. It has also been shown by Andelman (1990), that the inhalation
exposure from a shower alone is substantial, such that E is about
equal to C,. A shower using water. contalnlng 1000 pCl/L radon
-would lead to an inhalation exposure of about 1000 pCi. This is in
addition to the exposure in the home from all water uses. -

One can conclude that radon is Ubiquitous”in U.S. homes, the
' concentratlons Vary considerably reglonally, locally, -seasonably,

and temporally. Also ventilation and other individual home

‘characteristics, and location within the  home will affect the
concentrations.. Water as a source can add to the exposures, and
localized point source exposures,: such - as. showering, can be,
important. :

Although the overall risks on a. national basis may be
estimated from national survey data, the variability of exposure
and, therefore, risk can be expected to be substantlal ’

The average exposure of membersmof'the U,S.,population has
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been estimated to range from 0.2 WLM per year (NCRP, 1984b) to 0.25
'WIM per year (Puskin and Nelson, 1989), or possibly higher (NCRP,
.1987) . The many radon measurements that have been made are of only
limited value for exposure estimation, however, since they have
been designed primarily to determine the maximum potential
concentrations of radon in houses rather than the actual levels to
which occupants are exposed.  The commercial measurements are also
biased by the fact that the customers requesting them usually have
had reasons to suspect high concentrations of radon in their homes
(Cohen, 1988). Hence there is a need for . a statistically
stratified program of radon sampling to estimate the. average level-
of exposure in the United States (NCRP, 1984b, 1989).  EPA is
currently implementing such a survey. 'Without a more accurate
estimate of the average exposure of the U.S. population;'a precise

assessment of the magnitude of the health risks from radon is not

possible. : ‘ A ‘

8.1.2.3 .Toxicity And Health Effects .
A. ”HumanvEpidemiology; The major studies of underground

number of problems complicate the interpretation'of these studies.
First, the exposures of the miners were documented to a varying
extent and the estimates are subject to misclassification.
Exposures were not measured at all for many of the ‘early miners.
Second, the contribution of smoking to the observed excess of lung
cancer is difficult-to evaluate, especially since_smokingwhistbries,
of the miners were not available in most of the studies. Third,
selection of an appropriate control population is subject to
uncertainty, although internal analyses are most appropriate for
estimating exposure-response relatiopghips; -

miners reported thus far are listed in Table 8.1.2.1; however, a

Many epidemiological studies are undér‘way in the general
population to estimate directly the'risk of indoor radon, they are
also subject to limitations from exposure misclassifications, -
inadequate sample size, and the possible confounding effects of
extraneous risk factors. Because the general population has had
lower levels of exposure than the miners, and, ‘consequently,
smaller effects are anticipated, the statistical power of the
studies may be inadequate for the detection of small effects. At
present, therefore, estimates of the risks to the general
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- model in which the risk

population from exposure to ;adon haVe been based on extrapolation
from the data on miners. '

From the lung cancer mortality reported in various cohorts of
miners, the exposure-response relationship for lung cancer appears
to be linear in the low-to-intermediate dose range. On the basis
of this epidemiological evidence, supporting‘animal studies, and
biological considerations, the frequency of lung cancer is assumed
to increase linearly with exposure below 50 WIM. To assess the
" total magnitude of the radon risk, however, it is necessary to
predict the lifetime lung cancer mortality in the various mining
populations, many members of which still survive.  For this
purpose, neither the simple absolute risk model (which predicts a
constant additional risk of death per year following a given
exposure) nor the simple relative risk model (which predicts a
constant percentage increase in the annual age—dependent'baseline
risk . following a given exposure) adequately describe the observed
patterne of mortality. Instead, either .a modified absolute risk
model, in which  the pmm - : -~
risk is reduced Wwith
time after = exposure
(NCRP, 1984a), or a

modified relative risk

varies as a function of
age and time after |
exposure, (NAS/BEIR,
1988), would seem
preferable (Table
8.1.2.6). A model of
zzzn ;;ggizg'S?ng;A'ﬁzi‘Table-8.152;6 Eetima;ed lifetime risk of

lung cancer attributable to 0.02 WL (4 pC1

its radon risk 1) exposure to radon, assuming the short
assessment (Puskin and half-life decay products are = in 50%
Nelson, 1989).  equilibrium with the radon

The use of risk models for estimatihq\riskseto the general
population from the " data on miners involves additional
uncertainties owing to differences in‘age—and'sex-diStribution, and
potential differences between continuous exposure over a lifetime
and short-term occupational exposure during working-hours only..
Other uncertainties complicating the assessment"relate to’
estimation of the actual dose“delivered_to‘the lung, owing to
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differences in breathing rate and to differences in. aerosol

particle size, degree of radiocactive equilibrium of the decay -

-~.products in the atmosphere, and other variables (NCRP, 1984a;
Harley and Cohen, 1987). Also uncertain is the form of the
‘interaction between the effects of smoking and those of radonj;
assessment ‘of this interaction is possible in only a few studies.
The strongest evidence is available from the study . of Ccolorado
plateau uranium miners, that suggests a somewhat less than
multiplicatve interaction (NAS,1988).. If the multiplicative

" . interaction model is correct (e.g., NAS, 1988), the absolute

lifetime risk for a given level of tradon exposure would be 6-10
times higher in smokers than in non-smokers. ' ' S

The apparent. decrease in risk with time after cessatioh.pf
‘radon exposure. has not been precisely established. Since lung

- cancer is rare before the age of 40, exposure during childhgod may
possibly con- tribute little to the subsequernt risk of the disease
(BEIR, 1990); however the ICRP (1987) has considered risks to be
greater for exposure during childhood. '

B. Animal Toxicology ' Radon and radon decay products have
been shown to increase the incidence of benign and malignant tumors
of the respiratory tract in rats exposed to these'radionuclides by
chronic inhalation (Cross et al., 1982; Chameaud et al., 1984), the
magnitude of the increase varying, depending on the dose and on
the influence of other factors, such as inhalation of dusts or
- cigarette smoke (Table 8.1.2.7). The 1ifetime_riék of lung cancer
has been calculated from such experiments to' approximate 1-5 1074

wiM' (Bair, 1986; Cross, 1988).

8.1.2.4  Risk Characterization

The average level of exposure to radon in members of the U.S.
' population has not been characterized in a large nationwide survey.
However, data from diverse sources suggest a mean concentration in
U.S. homes of about 1.5 pci 17'. If annual exposure is assumed to
approximate 0.25 WLM per year (Puskin and Nelson, 1989), as noted
"above, the lifetime risk of mortality from' lung cancer can be
calculated with the use of the risk models cited (Table 8.1.2.8,
 Figure 8.1.2.9). With the use of such models, the lifetime risk of
 lung cancer from exposure to radon in the U.S. population can be
estimated to range from roughly 0.4 to 1.8 percent. By the same

token, exposure to radon can be estimated to account for some
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Table 8.1.2.7 Salient factors influehcing
the tumorigenic potential of radon~-daughter -
exposures in rats (from Cross, 1988)

radon

" Relative fract. of tot. L.c. freq (%)
100

T T TTiY

.‘v:vsv||1||||g|11||1:|0|||v|q|v:|||~||

o 01 02 085 1 2 5 8
Annual Rn-daughter exp. at home (WLM)

Mesn contribution from Indoors, at home

Figure 8.1.2.9 Expected relative percéntage

of the total lung cancer attributable to
indoor exposure to Rn daughters, as a func-
tion of the mean level of Rn daughters in
indoor air at home (after Jacobi, 1986)
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time risk
for lung cancer due to
lifetime exposures to
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.

5,000-40,000 deaths from lung cancer each year in the U S., or
about 4-30 per cent of all .lung cancer deaths in the U.S.
populatlon (Puskin and Nelson, 1989).

The above estimates strongly suggest that radon exposure
presents a significant public health problen. The uncertainties in
the exposure levels and in the risk estimates are large, '
however, and vigorous efforts to refine the levels and the rlsk
estlmates are needed.

These analyses 1llustrate that risk assessment technlques can
"be used, even when definitive data are: not avallable, to estlmate
the extent of an environmental disease rlsk. In the case of radon,

a number of uncertainties affect the projected risk. The range of
these uncertainties can be specified however; most -analyses
1ndlcate that extrapolation from the studies of mlners to the
indoor environment introduces only a relatively small’ degree of
uncertainty, ranging up to 30 percent. Thus,'even in the face of
uncertainty, radon must be considered an important public health
problem. The use of risk assessment can provide an indication of
~harm (numbers of cancer deaths), which is useful for a ranklng
process. . : : :
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8.2 Ranking Schemes: Detailed derivatiqn of Rank—merging

Dr. Paul Deisler -
University of Houston. . ' L
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FOLU LA L A A b e

8.2.1 Formulation of the Basic Model

Considering the total possible set of endpoints (both cancer’
.and non-cancer) that may be caused by agents in the environment, E
in number, and the total set of agents in the total environment
(specific substances and types of radiation), A in number, that may
'cause, individually, anywhere from none to many of the ‘endpoints,
the weight to be accorded the jth of the Problems (thirty-one in
' humber in the case of “the UB report) in ranking that Problem in
comparison to the others, based on population risk, is proportional
to W;, where ~ ' ‘

E. ' .
Wy =N; I 8 B (1)

W; may also be written in the form,

| ~E A . o
W, =N, I z S; Dy Py (D) - (2)
i=1 k=1

In these equations N; is the number of individuals cpmprisirig the
population relevant to the jth Problem, S is severity, P is
potency, £ is the fraction of the population that exhibits. an
endpoint (the response to the exposure to an agent) at exposure D,'
and the subscripts i and k designate, . respectiv'ely , the ith
endpoint and the kth agent. E, to reiterate, includes all possible
endpoints that might be considered, caused by whichever agents, ‘and
A “includes any and all agents (not Jjust those known to be.
associated with the j-th Problem) present in any way and in any and
all parts of the environment. In the case of endpoints that
respond proportionally to exposure/dose (that are said to be .
"]inear" in dose), P is independent of D; in the case of endpoints
whose responses are curvilinear or that exhibit thresholds or
threshold-like behavior, P is a function of D (as shown here in the
general case). Thus, f”k' is the fractionﬂ of the population
relevant to the jth Problem affected by the ith endpoint if caused,
in turn, by the kth agent; the product of N; and £ is the number
of individuals affected by that (ith) endpoint as caused by the one
(kth) agent, and is thus a measure of the excess population risk of
that endpoint from that agent. If the kth agent does not exist in
. the jth Problem, or if it does not cause the ith endpoint, or both,
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then fﬁk,.corrésponding to that'particular‘agent and/or endpoint,
is zero. The same endpoint may also be caused by other agents and
the same agent may cause other endpoints. Multiplying by S; weights
the population risk according to severity, for the ith endpoint,
and the summations over i and k give the weighted sum of the excess
risks of all endpoints of every kind for the‘jth Problem, - W;.
Equation (1) is for cases -when f;; can be obtained directly from
epidemiologic information when available at appropriate exposure
levels. Equation (2) is the form of equation (l)Anedessary when
such direct data may not be adequate and when estimates of dose -
response may have to be used (frbm human or animal data); this is
the more usual case. If one knew all of the factors in either
equation (1) or (2), then ranking would be easy: the Problem with
the highest value of the weighted sum would be the highest ranking,
and so forth. Independent action by agents is assumed.

As written, the two eguations suppose that in'those'Cases
where the same individuals exhibit more than one epdpoint the
. aggregate severity is the sum of the Sg;ﬂ;produdts, with no special
allowance for the fact that some individuals may exhibit more than

- ohe endpoint. ~In- many instances this is probably a reasonable

assumption; however, there may be instances in which the true
severity of affliction by two endpoints is greater‘than would be
indicated by the sum and others in which it is less. An example of
the latter -case would be if the result of each endpoint is certain
death in about the same time period . and = under similar
circumstances: two such deaths, for. the same individual, are no
more severe than one. Because of the smallness of the values of
the fﬁk for the usually encountered levels<o£'humaniexposure and
the smallness of the fraction of individualsinvolved, out of the
total, with endpoints such as those désb;iﬁed,ij-will be only
slightly overestimated using this model. It should also be noted
that S is not considered to be a function of exposure in the first
two equations whereas it may be so in real cases.  In the case of
carcinogens, for example, not only does the number. of subjects
exhibiting at least one tumor increase with exposure but so,
usually, does the number tumors per individual, on aﬁerage, a

factor that may be deemed, in different instances, to impact s8.

Whilé the above equations represent real'simplificaﬁions of
“the qctual,situation (exposures, for example, are not‘reprgsented

81f s, is a function of exposure, equation (3),,derived later,

ﬂstill applies and the merging method proposed is still wvalid.
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in actual fact, for ' any one agent; by a -single value, D,
independent of time, place, individual circumstance, or other
factors), they contain the main variables of 1mportance in an
.appropriate relationship and they would provide, from the outset,

given reasonable estimates of the levels of the variables,
'con51stent merged rankings for both cancer and non—cancer risks
taken as a spectrum of health risks. Thus, 1if all of the
“quantltatlve values of the variables in either ‘equation (1) or

equation (2) were available, developing. a  merged health risk

ranking would be a simple matter of calculation; indeed, the’
ranking, itself, would be directly quantltatlve and not merely a
llstlng of rank order.

One of the key m1551ng sets of variables  for produc1ng a
single, health risk based ranking of Problems 1s a 51ngle set of
severities for cancer and non-cancer endpoints together. _The
experience already gained in attemptlng to grade the severities of
different non-cancer endpoints in the UB .report. should help in the
formulation of a method and a process for undertaklng the task of
produc1ng a consensus on a health rlsk severity table 1nclud1ng
~ both cancer and non-cancer effects, and it is recommended that any_
updatlng of the UB report include this act1v1ty.

It is hlghly desirable to utilize the above two equatlons and
the operations they depict to the max1mum extent possible when
developing a merged health risk ranklng procedure because of their
scientific basis and the mutual consistency across the different
kinds of endpoints that they therefore automatlcally' provide.
Although the same lack of information B that prevented a more
'rlgorous approach in the UB report prevents the. stralghtforward
utilization of the above equations, any approach should approx1mate
as nearly as possible the above equatlons so as to prov1de the best -
ba51s for merglng the rankings.

8.2.2 = - Merging Separately Establlshed ranklngs' General .

D:LSCU.SSJ.OH

The "merging of separate ranklngs" procedure depends, as
- discussed below, on certain characteristics of three—by—three grid
arrays (see Flgures 8.2.2.1 and 8.2.2.2) when - combined. with an
algebraic expression described below that in turn, is based on

equation (1). These characteristics lead to the conclu51on “that
there are only a finite number of ‘ranking patterns that need to be
considered in the merging process,-a a fact that reduces the problem
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of selecting sets of Problems for consideration of their combined
risks. The same is true of larger arrays but, while four-by-four
or larger arrays of grids.might be used, for example, the procedure.
_srapidly becomes cumbersome because of the increase in the number of
ranking patterns'that must be considered as the order of the grid
array used increases. » : '
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Figure 8.2.2.1 Projecting a grid square--linear array

The use of a three-by-three grid array means that the rankings
of Problems for cancer and non-cancer risks must first be grquped
into three qualitative risk categqrieéi high (H),vmedium (M) and
low (L). Each of these levels may be thought of as bounded by
quantitative risk values, h, m, and 1, as shown in Figure 8.2.2.1,
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where h > m > 1. Thus,_a Problem judged to be of high risk for
cancer, and soO categorized as H, would have a quantltatlve risk
value lying between m and h on the cancer axis, if its risk could
be quantified 1in some manner; and similarly for Problems
categorized as H, M or L, on either. axis. Plotted, each Problem

'NON-CANCER.

!
4

*
Y
A
‘}i-

B
CANCER

Flgure‘srz 2.2 Projecting a grld‘square--nonllnear array

would appear as a p01nt within an ‘appropriate grid square; thus a
Problem categorized as H for cancer and M for non-cancer would fall
somewhere w1th1n grid square B in Figure 8.2.2.1 or 8 2.2.2. As
shown in the Figures, each of the grid squares is labeled A through
I, for identification, and one of nine nodes - (denoted by circles)
is associated with each of the grid squares by being given the same
letter designation as its corresponding grid square.
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With three risk categories for each of the two sets of
rankings, nine pairs of categories, nine grid squares, and up to
..nine risk levels, are possible for merging the rankings of those
Problems ranked for both cancer and‘non—cancerArisks as seen in
Figures 8.2.2.1 and 8.2.2.2. In this section, the type of array in
Figure 8.2.2.1 in which h - m =m - 1 is called a linear array.
Depending on how +he individual risk factors are taken into account
in the separate rankings by cancer and non-cancer risks, the actual
array of risks may be linear or it may be nonlinear; in this
section the only type of nonlinear array to be considered is the
one in which h = m > m - 1 and in which the array'isksymmetrical
around the diagdnal (see Figure 8.2.2.2); linear arrays, by nature,
are symmetrical about the diagonal. o

Under whatever system is employed, the merged ranking of  the
Problems lying within grid square A (or (H,H)) and of those within
-grid square I (or (L,L)) is clear enough: grid square A contains
‘the Problems of the highest merged risks and grid square I contains

those of the lowest; moreover, grid square E (or (M,M)), and its
" problems, falls unambiguously between them. Geometrically, as seen
in the Figures, these three grid squares are rank ordered as they
fall along the diagonal, A > E > I; the question is, then, how to
project the off-diagonal grid squares, and their corresponding
problems, such as grid square D (or (M,H)), onto the diagonal so as
to know where they fit in the resulting ranking against the three
grid squares already athwart (or, "on") the diagonal. This is best
.seen by considering the projection of -a’ single, off-diagonal
problem (or point) onto the diagonal. ' ' :

8.2.3  The Principle of Projection onto the Diagonal

An equation of the following form‘may be derived, starting
from equation (1) (see Section 8.2.11): : ' :

Wy =W VW S (3)
' ‘ Ny Sy Fuy ,
- . NH “NH CNH . S
where o , v = Wy /Wy = ————===~ : ‘ _ (4)
‘ ct Scu Fou ’ B

In equation (3) w; is the weight for ranking purposeS'bf the jth
Problem that may fall into one of the three categories, H, M or L,
for cancer, and Wy; is the same, separately, for non-cancer; and all
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.~ weights are scaled so that the highest quantitative level is h on
each axis. In other words, the two weights represent the
guantitative risk rankings,; for cancer risk only, on the one hand,
and for non-cancer risk only, on the other. The two weights are
therefore the coordinates of points plotted within one or another
of the grid squares. and the sum, W, is just the merged ranking
score, for the point in question. AS shown in Section 8.2.11, the
coefficient v takes into account the differences in number exposed, -
the fractions of those ' exposed who suffer harm (pbtencieswof.and
exposures to agents) and their relative severities, cancer ‘versus
non-cancer; it represents the weight given to non-cancer versus
cancer risks. In equation (4), W, and W, are the weights (see
- equation 7) for cancer risk and non-cancer risk, respectively, of
the problems having the highest such weights without respect to j
(that is, the two weights need not correspond to. the same Problem)
and the S and F values are the mean values of severity and of the
fraction of the relevant population affected corresponding to these
same'highest weights; the N values are the numbers exposed, also
corresponding to the same highest weights. . Note that v is a
_ constant for the ranking of a particular.set of problems; for a
‘differentkset'(or'subset)-in“which’the highest'wéights correspond
to different Problems and are therefore likely to be different, a
different value of v is likely to obtain. '

The way in which equation (3) governs the slopes of the
projection vectors, and the sets of possible rankings that can-
result, is described in more detail below. A brief description is
given here for convenience. ' ' '

Referring to Figure 8.2.2.1, if a point on the diagonal, with
coordinates (x,x), is the.projection of an off-diagonal point, with
coordinates (y,z), that means that the value of wat (x,x) is equal
to the value at (y,z). That is, by equation- (3),

(1 + v)x.= y + vz , - ) B .  . (5)

from which the value of v required to yield the projection of (y,2z)

onto the diagonal at (x,x) is obtained in terms of X, y and z.

Conversely, given a value of v, the projection of any point or node
onto the diagonal is known, where points or nodes alreaay on the
diagonal are their own projections.  The order in which such
projected points or nodes appear on the diagonal is therefore their
rank order 'in terms of the combination of both cancer and non-
cancer risks. : ’
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It is shown below that the slopes of the projectlon vectors
are all the same for prOJectlons from the off- dlagonal points or
.nodes onto the diagonal for the value of Vv pertalnlng to the
~particular set of ranked groupings, whatever that value of v may
be. Moreover, the slopes are all. equal to -1/v; that is, the
slopes are all negative (since v is not less than zero) , and' the
progectlon vectors, for a given v, are "all. parallel. Thus,
contlnulng with our example in Flgure 8.2.2.1, any off—dlagonal
point within any grid square will project onto the diagonal along
a vector parallel to that joining (y,2) and (x,x), so long as (X, x)
is the projection of (y,z), and vectors (1) and (2) thus define the
projections of node G and of the vertex’ dlagonally oppo51te to node
G in grid square G. Moreover, every p01nt or Problem contained
within grid square G lies on a line segment or range on the
diagonal lying between the intersections of vectors (1) and (2)
with the diagonal. Generalizing, the projection of any. grid squar
is such a line segment or rande, and the projections of all grld“'
squares constitute a set of overlapping ranges, the positions of
which on the diagonal with respect to each othér (or their rank
' orders), and degrees of overlap, are dependent on the value of V.
In the case of Problems that are qualltatlvely but not
quantitatively rank ordered, as in the UB report, the coordinates
of the Problems within a particular grid square are not knownj;
however, the projection of the grid square itself onto the diagonal

" gives the range within which those problems must lle, narrowing the

range of comparisons that must be made to arrive at an ultimate
rank ordering of Problems on the ba51s of total health risk. .
Because of the overlaps, some of the Problems. within individual
ranges may ultimately be rank ordered _oppositely . to  the rank
'orderlng of their ranges. How this is accounted for in ach1ev1ngg
“the flnal rank order is descrlbed further on.

'8.2.4 ~ Derivation of the'Possible Rankinq Patterns for Grid
Squares and Ranges ‘ |

Consideration of the projections of all the grid squares onto
the dlagonal as was done in the case of grld square G in Flgure'
8.2.2.1 shows that the rank orders of the resulting ranges,
including those of grid squares lylng athwart the diagonal in the
first place, are the same as the rank orders of the projections of
their correspondlng nodes (or. of any other conveniently defined
point within the grid squares) To derive the poss1ble rank orders -
of the ranges for different values of v, it is possible and

140



NONCANCER

0L 1 x = H hj
CANCER o ’

Figure 8.2.4.1 Linear array of nodes

convenient to do so by considering those of ﬁhe,nodes,‘.The plot of
nodes only, corresponding to the grid squares and -their nodes in
Figure 8.2.2.1, is shown in Figure 8.2.4.1. ' :

" 'In Figure 8.2.4.1, two kinds of vectors can be distinguished:
(1) those that project more than one off-diagonal node onto the
same point on the diagonal (vectors draanWith continuous black
lines are examples of these such as the vectors connecting nodes H
and ¢, D and C, etc...) and (2) the dashed-line vectors that
project only one node onto the diagonal. Imagining the dashed-line
vectors to rotate around their off-diagonal nodes so as to pass
through points where more than one node is .projected ' (common
projections), the order (the rank order) of the projections (of the’
merged risk rankings) changes: one order occurs when a'dashedeline
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Figure 8.2.4.2 Nonlinear array of nodes o
vector is on one side of a common projection,. a'reversal~of,brder

 occurs on the other side, and an order unique to the common point =

occurs at the common point. The same observation pertains to

‘nonlinear arrays, an example of which is shown in Figure 8{2.4;2.

For linear arrays, it is found that, in. addition to the
physically trivial cases where v is equal to either zero or
 infinity, there are three values of v that yield common points and
four ranges of v that do not; these yield seven different rankings,
all that are possible for a three—by4three,,linear”atray:-three for
v > 1, three for v < 1, and one for v '= 1. For a. three-by-three-
nonlinear array of the type considered in this report regardless of
the values of h, m and 1, again excluding the physically trivial
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‘cases, there are at most fifteen possible rankings: seven for v >
1, seven for v < 1, and one for v = 1. .Two such rankings are

1isted in Tables 8.2.6.1 and 8.2.6.2, including the trivial cases
for . completeness; only the non-trivial cases are numbered for
reference in each table. Note that for a four-by-four linear
array, the number of rankings that must be considered jumps to
fifteen: hence the practical importance of using the three-by-three ‘
array. : - :

The practical meaning of alllof this is that even if it is not
known whether the rankings are linear or_nqnlinear,,whqt the values

‘of 'h, m and 1 are, or what the value of v is, the number of

possible rankings of ranges that need to be considered and compared
for COnsistency with the information'available on their separately
ranked Problems is no more than seven for linear three-by-three
arrays and fifteen for nonlinear ones as defined here.

8.2.5  Ccomparing Range Rankings With;Data '

If it can be decided whether v > 1 or v < 1 (the most
4important considerations) or whether v = 1 (or close to it), then
the number of possible range rankings that must be“considered to
obtain a first rough ranking of Problems associated with the’

rankings is further reduced. Since there are certain features

among the possible rankings such as specific reversals of ranking
of ranges between pairs of rankings for different values of v, or
cases in which certain ranges are of equal -rank, there are
additional ways in which the number. of rankings that must be
compared with the information in any detail in any given case can
be reduced; moreover, these types of comparisons yield an answer to

 the question of the value of v relative to unity without requiring
.any direct attempt to. evaluate Vv. ' : C . -

, A final ranking of ranges (each with its contained Problems)
chosen by using the properties  of 'threeébyrthreé ‘arrays, as
governed by equation (3), becomes the basis for further, detailed
comparison of Problems contained within overlapping rankings, using
the information available, to introduce changes in the rankings of
individual Problems if these seem necessary. | . '

The actual comparison of any two ranges to détéfmine'their

‘ relafive ranking requires that available data or information on the

risks associated with the Problems associated with (contained

"~ within) one of the two ranges be compared with the information on

!
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+the Problems in the other to determine where the two sets of
Problems, on balance, appear to lie in terms of relative rank
order: one generally above other (recognizing that some individual
_Problems may rank differently than .their ranges because of
overlap), one generally below the other, or that the two sets are
generally similar in rank (the ranges have roughly equal rank).
There will generally be small (and different) numbers of Problems
associated with any two ranges, a fact that does not make the
comparisoﬁ easy since the ranges are relatively broad»(see, for
example, Figure 8.2.2.1) and there 1is no way of knowing,
quantitatively, where the Problems lie within ranges. Of some
small help is the fact that the projections of Problems will tend
to be grouped centrally within the ranges rather than uniformly,
even if one supposes the Problems to be drawn from a uniform
distribution of Problems over the area'of the grid squares, except
as v becomes either very large or very small. For v equal to zero
or infinity, the distribution of projections of Problems within
ranges will be uniform. =

8.2.6  Steps in the Process for Producing a Merged Health Risk
‘ Ranking ‘ . R '

Given that the possible ranking patterns of ranges for three-
by-three linear and nonlinear arrays are now established (Tables
8.2.6.1 and 8.2.6.2), the following are the steps to be taken in
arriving at a merged health risk ranking for a set of Problems that
have been ranked separately according to the risks associated with -
two different classes of health effects (cancer and non-cancer
effects, in this case): :

(1) List the Problems that have been ranked‘for both cancer
and non-cancer risks. o '

(2) For those Problems that have been ranked for both, group
the cancer and non-cancer rankings separately into three
qualitative risk levels: high (H), medium (M) and low (L)
if this is not the way they have been ranked already.
This is best done by ‘an appropriately ' selected,
knowledgeable, consensus group. S

. (3) List the Problems that - lie within each of thevnine

possible grid squares of the three-by- three risk array; -
plotting them-helps visualize the information.
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(4) Make an initial
decision as to how
v relates to4un1ty
if the information
available permits;
in any case,
whether this - is
possible or not,
check major rank
reversals - between
pairs of rankings
for different
values of v (see
Tables 8.2.6.1 and
8.2.6.2 for
examples of major
rank reversals as
v changes; 'I'able 8.2.6.1 Rankings poss:.ble for a
‘particularly re- linear three-by-three array
versals of C and G, B and D, and F and H) to either select
v -or con- firm the selection made. This’ 'is best done by
the same consensus group. ' B

(5) Using the result of step (4),select from the possible

' range rankings for the linear array (Table 8.2.6.1) the
.ranklngs in keeplng with that result.

' (6) Compare the rankings in step 5) . with the information .
. available on individual Problems, as described above, to

conclude, on balance, which ranking is most in keeping

with -the information. = This is best done by the same

~consensus group. L

(7) Use the result of step (6) as guldance to select rankings
for nonlinear arrays (e.g., Table 8.2.6. 2) for comparisons
such as have been made for linear arrays in step (6)
(Check the selection of v against this array of rankings,
also). ' '

(8) Of the sets of rankings now in hand, select the best one,

overall, from the two types of arrays. This is best done
- by the same consensus group. :
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(9) Rank order the prob-

(10) Check the nearly

lems within each of
the ranking groups
obtained in step (8)
if, and to the
extent which, this
is possible. This is
best done by the
same consensus
group.

f1nal ranking, Prob-
lem by Problen,
against the infor-
rmation available on

‘each Problem to see

if any . specific
Problems need to be
moved upward or

downward in rank in
the nearly final
ranking. If step
(9) has been car-
ried out, step (10)
can’ be made easier
by comparing Prob-
lems at the high Table 8.2.6.2. Rankings p0551b1e for
end of one range @ non—llnea;_three-by—three array
with those at the low end of the next higher ranking
range first, and vice versa. This, too, is best done by
the same consensus group. ‘

When step (10) is completed, the flnal ranking is in

This final step, not taken in the illustrative example, is
very important; it is the final opportunity to correct the joint
ranking, exposing and correctlng not only the overlaps already
described but eéeven, possibly, any errors made in the orlglnal
rankings.

A note of caution: this discussion should not 1mp1y that one
would require a high.ranking for both cancer and non-cancer health
effects to consider an exposure to be of hlgh priority.
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8.2.7 An Illustration of the Merging of Separate Rankings
into One o S

The UB report represents an extensive study in which a set of
Problems, thirty-one in number, significant to the U.S. EPA, was
defined and ranked in two separate rankings accordlng to their
cancer and non-cancer effects populatlon risks. In this section
the UB report problems are referred to using the same numbers, from
1 to 31, as used in the report. Although the Human Health

Subcommittee of the Relative Risk Reduction Steerlng Committee of
the Science Advisory Board has reservations about the definitions

and rankings of the Problems in the UB report (see elsewhere in
this report for discussions and. recommendatlons), it was. concluded
that the thirty-one Problems in +the UB report, with some
modification, and the information in the UB~ report relative to
those Problems, could be used to illustrate how the risk merging
‘procedure is applied.

- The modifications involve' a regrouping of the thirty-one
Problems and one addltlonal one (electromagnetlc flelds) under
three main headings: ' Situations and Agents Involving the Potentlal‘
for direct Exposure, Sources. of Environmental Pollution, and
Miscellaneous (see sectlon 5.4 and Table 5.4. 1) . ~Further sub-
groupings within these categorles were proposed. . * Thus, for
example, Occupational Exposures included Worker Exposures (Problem
# 31) and Application of Pesticides (#26). In the proposal a
number of individual Problems as defined in the UB report appeared
to be better combined as new Problems (an example is the possible
comblnatlon, for purposes of health risk ranking of Dlscharges to
Estuaries, #13, and Discharges to Wetlands, #14). In the case of -
- Occupational Exposures, although the proposal groups them'together,

- the two types of. exposures Application of Pesticides and WorkerT
'Exposures) are so very different (different populatlons, dlfferent
phy51ca1 condltlons, dlfferent kinds of remedial actions possible, -
etc...) that it would not be useful to consider them as one
" problem. However, Indoor Air-Radon (#4) and Indoor Alr—other (#5)
are readily redefined as a single Problem, Indoor Air (#4/5): here
the same population is affected, the exposure situation 1is
physically well defined, and many of the remedlal methods apply to
more than one agent present.

In thls 1llustrat1ve example of how the merglng process is
carrled out, only one palr of Problems, Indoor Alr—Radon (#4) and

147



.Indoor Alr—Other (#5) will be combined 1nto a new Problem, Indoor
Air (#4/5), leaving the other Problems as 1n the UB report.

In the UB report, Problems are already grouped as H, M or L -

for non-cancer risk, the consensus group that created that ranking
‘having concluded that no finer subdivision was possible. In the
case of cancer risks, all but five of the thirty-one problems were
ranked, qualltatlvely, one above the other, a few pairs being glven
the same ranking: here, the ex1st1ng ranking had to be reduced to
three levels as is already the case for non—cancer risk ranking.

8.2.7 - Grouglng the Cancer Rlsk Ranked Problems 1nto Three
' "Risk Grouplngs :

An examination of the ranking on the basis of cancer risks and
of the factors considered in the UB report leads to the conclusion
that a reasonably natural boundary . between the "hlgh" and the

"medlum" levels for cancer risks lies between the eighth and ninth .

ranked Problems; similarly, the boundary between the "medlum“ and
"low" levels lies reasonably naturally between the seventeenth and
eighteenth - .ranked Problems. - The three rankings for cancer rlsk
that result are as follows (with Indoor Air comblned as .#4/5, as
above) ¢

Rank ILevel : Problem Numbers

High (H) ' 2,4/5,7,17,25,30,31
" Medium (M) - o 6,12_,15,16,18','19.,,126',2'.7,28'-
Low (L) . ‘ : 1,9,10,11,20,21,22,23,24

Among the H—ranked Problems, nos. 31 and 4/5 stand out
Arelatlve to the rest as, in effect, "extra high." Please note that
this . is a tentative grouping into H, M, a’n'd’ I, _categories for
illustrative purposes only; this grouping in no way represents a.
consensus of the current Subcommittee as to the relatlve risk to
human health from any of the "Problem Areas" as set forth in the
original UB Report. In any actual case of ranking Problems,
however defined, or by using any methodologyy, such a xanklng
should be subjected to a broad consensus process.

‘Table 8.2.7.1 shows the above Problens, ranked'H, M or L for,
cancer risk together with the H, M or 'L, rankings for non-cancer
risks. Only twenty-two Problems, as deflned here, were ranked
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‘simultaneously for both cancer
‘and non-cancer risks. The
rest of this example considers
how to merge the rankings for
these twenty-two Problems,
only, to produce a rank order
1ist based on both cancer and
non-cancer risks. '

The information in Table
8.2.7.1 is plotted in Figure
8.2.7.1; the numbers near each
of the nodes indicate which
‘Problems 1lie within the
corresponding grid squares,
" their actual locations within
the grid squares being
unknown. Table 8.2.8.1 shows
‘the same information, with the
- problems listed in the same
order, from left to right, as
in their cancer risk ranking
so as not to lose sight of
this information.

| | Table 8.2.7.1  High, Low, and
8.2.8  The Value of v ~ Medium rankings for UB problem
Relative to 1.0 areas -

A direct estimate of v, even to the extent of concluding
whether it is above or below one, cannét ‘be made with any
reasonable degree of certainty. The severities of cancers, on
average, are well above.those of the aggregation of_ non-cancer
endpoints considered in the UB report so that, unless the fraction
of the population affected by non-cancer endpoints is very much
higher than that for all cancers, as related to relevant agents in
the environment, v is more probably less than one than it is above
one. The consideration of the consistency of the information in
the UB report on individual Problems with respect to reversals of
rankings of ranges from one possible ranking to another for
different values of Vv (Tables 8.2.6.1 and 8.2.6.2)4ié a surer
indicator of where v lies in this case. These comparisons are
described in the next subsection. 1In any case, where v lies with
respect to one is not to be chosen arbitrariiy but, rather, on the
basis of what the information itself demonstrates it to be. '
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8.2.9» Consideration of Poss:.ble Ranklnqs for COns:Lstencx
. with Avallable Information: Selectlon of a Ranklng

of Ranges

The simplest approach is to examine the linear- array rankings
in Table 8.2.6.1 before passing on to considering the nonlinear
rank:Lngs in Table 8.2.6.2. ‘The  results of cons:.derlng linear
rankings first, desplte the fact that it would seem more reasonable
to choose the nonllnear ones first, can serve as. guldes when
nonllnear rankings are examined; moreover, it is not in fact known-
what the orlglnal ranking teams had in mind insofar as llnearlty or
non-linearity is concerned nor what their unconsc1ous choices
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‘might = have been, as they ranked the |
Problems for cancer and non—cancer risks.

The assumptlon that v < 1, for a
linear array was first tested by examlnlng
rankings where large reversals of rank of
palrs of ranges in Table 8.2.6.1 occur..
The reversals of B ‘and D, F and H, and C
and G between the ranklngs for v < 1. and v
> 1 are striking.  Examining the
descrlptlve 1nformatlon in the UB report
on the Problems contained in these three
ranges (see Table 8.2.8.1) shows clearly
that B > D, F > H, and C > G is more
consistent with the information than the Table 8.2.8.1 ‘Problems

reverse and thus the conclusion that v < .contained: in . each

1 is the reasonable one. range, in order of
‘cancer risk (left-to-
right) -

With v < 1, Table 8.2.6.1 glves the
follow1ng po551ble ranklngs for further con51deratlon.

L5 A>B>D>C>E>G>F>H>T
L6 A>B>CD>E>Fe>H>T
17 A>B>C>D>E>F>G>H>I

Ranges shown grouped together are of equal rank.

Examining the information given in the UB report for the
Problems contained . in ranges C and D, "the 1nformatlon is
inconsistent with the order C > D; D.>.C is only. weakly supported;
and lumping C and D is the best choice. Moreover, on balance, the
arguments for lumping F and G appeared to be better than those for
keeping them separate; thus, merged risk ranklng number L6 was
selected of the three possible ones given above for a linear array.
other inequalities in Lé appear ‘consistent with the information in
_ the UB report, although B and D appear to be closely ranked; H and

I also appear to be close together, though not so close as B and D;
_one has to bear in mind the overlapping nature of the ranges. For
the moment, pendlng examination of possible ranklngs for nonlinear
-arrays (e. g., as in Table 8.2.6. 2), L6 will be the ranklng of
choice. ' - :
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Considering the nonllnear array rankings agalnst L6 rankings
N9 and N10 appear to ‘be the best to examine first, in particular
the relationships of E, G and F that, in 16, are in the order E >
FG:but in N9 and N10 are in the order G > E > F. It is found that -
E > F and E > G is con51stent with the information in the UB
report; and, since it was already determined that lumplng F and G
was more reasonable than not, L6 appears as the best choice of all
- for the ranking ‘to be examined in detail, problem by. problem. Note
that N14 is not a good choice since lumping C and D, and F and G,
is preferable. Table 8.2.9.1: shows this ranklng with the Problems
within each of the ranges listed, from ‘left to right in their
cancer risk order and with their non-cancer rankings shown in
parentheses. The fact that the linear rather than the non- linear
array produced the most consistent result does not force the
conclu51on that the array is indeed llnear. It may be not too
highly nonlinear, the uncer-—
tainty of the 1nforrmatlon and
its qualitative nature being
'such as to not make too close
a discrimination possible; or
'the array may be nonlinear but
nét exactly symmetrical about
the diagonal; or  other
deviations of the real example
from the theoretical model may
cause the -appearance of near
linearity.

Table 8.2.9.1 Selected ranklngs for

: further expansion and consideration
In Table 8.2.9.1, in all (in order of cancer risk, left-to-

but DC and GF the, non-cancer right; non-cancer rlsk ranking in-

rankings are the same; thus, parentheses) ‘
recognizing that with new information the non-cancer ranklngs may
alter this conclusion, for the moment the cancer ranklng order
appears to prevail within each of these ranges. In DC and GF,
~consideration of the information in the UB report on each of the
4j1nd1v1dual Problems shows that ranking them in cancer risk order is
‘consistent with that information. In GF, the fact that the two
highest in cancer order are both ranked H for non-cancer risk and
the lower two, in cancer order, are ranked L for non-cancer rlsk is
consistent with this finding. Table 8.2.9.2 shows the 1nformat10n
in Table 8.2.9.1, with the Problem descrlptlons included. 1In this
form the tabulation is, to all 'intents and purposes, a nearly final
illustrative merged.health.rlsk ranking, by problem, of the twenty-
two original problems, as prev1ously rankai in the UB Report
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separately by
cancer and non-
- cancer population
.risk. This ranking
is based on the
original UB report
scores for the 31
categories of
problem areas, and
in no way reflects
the view of this

Subcommittee. It
serves only ~ to
illustrate a _the
application of _a
theoretical

approach to merged ;
risk ranking.

This last
ranking is <called §
nearly. final |

because this is the papje- g.2.9.2 Hypothetical "Nearly Final"®

ranking that now perged risk rankings (illustrative), based on
should be examined, the unmodified UB Report information

Problem by Problem, for overall consistency with the available
information to see if any Problems need to be exchanged in rank
order or rank ordered equally because of the overlap of ranges
already discussed. A cursory examination does not indicate the
need for changes,though a few pairs of Problems are probably better
shown to be of equal rank as opposed to their ranklng in Table
'8.2.9.2. . The. ‘examinations of the pairs. of ranges above, and of
this nearly final ranking . for con51stency' with the available
information should be by consensus of experts for the soundest
results. When completed, the results, to be consistent with the
input information, should be reported as "high," "medium," and
"]ow" risk groups (though some may stand out w1th1n these groupings
as, for example, nos. three and four/flve)

'8.2.10 -Further comments and Recommendations
For the long term use of merged cancer and non-cancer risk
- ranking, the so-called zero-based procedure outlined early in this

section is best. Delng it once can form a solid basis for updating
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and revising it and, since it deals most directly with the problem
in a manner as close as possible to equation (1) and its alternate
form in terms of -P and D, equation (2), it is likely to yield the
most correct and credible, and therefore reliable, result when it
comes to budgeting and allocating resources to risk management
activities and to research. It is recommended that this effort be
undertaken as an investment in facilitating better planning and
allocation. :

The procedure for merging separately ranked Problems (for
cancer and non-cancer risk) is relatively easy to use, now that the
possible rankings are tabulated in Tables 8.2.6.1 and 8.2.6.2 and
once separate cancer and non-cancer risk rankings are in hand. . The
consensus mechanism recommended is particularly useful not only in
narrowing down the possible rankings to one best one but also in
reaching the final merged ranking while ensuring that information
that might have been -lost in reducing the cancer risk based
 rankings to three . levels is utilized at the end.

8.2.11 Derivation Of‘wj=:wm + VW, gnd'of \'4

Numbering the cancer endpoints from 1 to~C:and'the'nonfcancér
endpoints from C + 1 to E, equation (1) may be rewritten in the

following form:

c A ~  E A

MmNy ST Ny B B S B -

i=Cc+1 k=1
that in turn may be written in the form

W, = W + Wy : T - (7Y

_ Here, the three terms correspond to the parallel three terms
in equation (Al). The first term on the right represents the
aggregate weight of cancers and the second term that for all non-
cancer endpoints, all appropriately scaled for severity, potency
and exposure (see, too, equation (2) in the body of the report).
W;, as before, then represents the weight to be used for ranking
purposes to rank the jth problem with respect to the other problems
being considered. : ' ‘

The terms in these equations are not directly known, in the
present case, cancer risks having been ranked against cancer risks,
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only, non-cancer risks against non-cancer risks, only, end the
relative scaling of the two types of risks not- having been
addressed. The rankings are qualitative, too, not quantitative.
Equation (7), to be useful here, must be recast in terms relevant
to the present case..

Defining w,; as the weight to be used for ranking the jth
Problem against other Problems on the basis of cancer risk only,
scaled so that the weight of the problem of maximum cancer risk is
h, then -

W

o = W/ W . C R (8)

v

Similarly, for non-cancer rlsk ranklng,

Wy = hWNj/WMH ‘ : , ' o _ (92)

. Here W, is the weight for cancer risk, as- deflned for
equations (6) and (7), of the Problem in the set” of Emoblems
con51dered for ranking according to cancer risk that:' has the
- highest weight (and therefore would be ranked- first for cancer -if
the weight were known, quantltatlvely), and WNH is the same but for
the Problem that ranks highest for non-cancer risk. The Problems
need not be the same in the two cases. :

Equation (7), comblned with equatlons (8) and (9) and
multiplied by h/W, becomes ' ' : .

(h/W )W, = W +_vaj R - | (10)
where v = W, /W, o . L , o (11)

a constant for the partlcular set of problems belng ranked, note
that v may take a different value for another set of problems or
for subsets of the original set of problems if. Wi and W, y OF their
ratio is not the same from one set to the other.

.Since h is a constant, and since V%H is a constant for -the
particular set of ranked problems under con51deratlon, then the
left hand side of equation (10) is the. weight to be accorded the
combination of cancer and non-cancer risks in ranking the jth
problem against the other problems in its set, wj. Thus equation -
(10) becomes ' '
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W = W + VW (12)

~ This is the key equation in the rank merging method. Though
it is derived in this instance for the case in which.the separate
rankings are made on the basis of - population risk (as is the
derivation of v which follows), the same form of equation_is
obtained if either individual risk or a mixture of individual and
population risk is used. In these latter two cases the definition
of v is different, in each case, from. the one derived below,, but
this has no impact on the number and nature of the possible
rankings derived later on. Special factors, suitably formulated,
such as for individual or population sensitivity, may also be
included in the derivation without altering the form of. the key
equation. ' ‘ : '

From eq'uati’ons,.(a) and (7),

C A
Wy = Ny &2 S;Eijk (13)
i=1 k=1 o :
where here j is for the Problem with the highést cancer risk
E A | - o -
and W = NNH.Z z Sifijk ’ _ : ‘ ’ (14)
=C+1 k=1 o

where here j for the Problem with the highe’st’-nbh;-Cancer.risk.

The average severity of cancers in the Problem with weight W, is

Scyr Where
c A -
z Z‘Sif”k
i=1 =1 _ S
I | - . (15)
c A ‘ .
z Z £
i=1 =1
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’

and a similar expression is obtained for the average severity of
non-cancer endpoints, Sy, 'in the Problem ‘with weight Wy,.
substituting these terms into equations (13) and (14), ’

) . C A . v S :
Wey = Selew , 2 Z i - L I (16)
| o E A o | . |
and W = Sl 2 T i ' - - - . (17)

i=C+l k=1

- The double summation in equation (16)_is an,estimate of the
fraction of all exposed subjects in the highest cancer risk Problem
" who "exhibit cancerdus endpoints, F, ' (note that“thé fraction of
' those who exhibit at least one endpoint--those showing any effect -
-is slightly less, but the difference is small because -the
individual f-values are small). Similarly,ffractionvF“ is defihed
for the Problem with the highest non-cancer risk. Then

NNHSNHFNH

v = —=mmmmes o o (18)

NCHSCHFCH

The two fractions, F, are functionsfof the potencies of the agents
and of exposures to them; equation (18) thus indicates the factors, -
and their relationships, that determine the value of v for a
particular set of points being ranked. ' - ‘

8.1.12 - -Derivation of Some of!the‘characteristics'of Three-By-
' Three Arrays as Governed by Fquation (3 ‘

_ Suppose that for some value of v both nodes c and G project
onto the diagonal at E (see the solid arrows indicating this in
.Figure 8.2.4.1. This means that the WmU—Values for C, E and G are
equal. Similarly to equation (5), ’ ‘ '

h+vli=m+vm=1+ Vh | : B N . (19)
from which it follows that v = 1 for this_éase,. Similarly, if F
and H project onto the diagonal at some common point and B and D do

so at another common point, then T

157



m+vl=1+vnm S (20)
and h + vm =m + vh - - (21)

and.in each case v =1. Thus for v = 1, the merged risk rank order
is, for a linear array:

A>BD>CEG > FH > I . o (22)

giving a total of five risk levels since some of the nodes are of .
the sanme relative rank, as indicated. For a nonlinear array, the

v = 1 rank order becomes: A > BD > CG > E > FH > I; here, C, E and
G are not co-linear (see Figure 8.2.4.2). ‘

Consider nodes F and G inkFigure'8.2.4.1,'projeqted’onto the
' diagonal at a common point. Here, ‘ RS

m+ vl =1+ vh , R o (23)
_frqmbwhich

. m -1 -~ o - ‘ '

vV = —=mm=m- <1 ' _ ' . (24)

‘ h -1 - L

Designating the value of v by the letters éorrespbndiné to the
off-diagonal nodes projected onto common points on the diagonal,
referring to Figure 8.2.7.1, : C " '

v(FH) = v(CG) = w(BD) =1 . . (28)

1

and V(FG) = ===———- < 1 . 4,A' - " . (26)

v(CD) = =—===-= =1 - v(FC) <1 S S 4(27}
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h -1

V(BG) = —m—-m-= = 1/v(CD) > 1 o (28)

h-m :
) . "'h -1 . _ . o .
and Vv(CH) = =====—-= = 1/V(FG) > 1 ’ , (29)
- m -1 c -

.Thls kind of treatment gives the values of V, and the relationships
between them, for which off-diagonal nodes can be projected onto
common p01nts on the diagonal for linear and nonlinear arrays. ¥For

. linear arrays, regardless of the values of h, m or 1, it turns out

" that not only does Vv(FH) = v(CG) = Vv(BD) = 1, but v(CD) = V(FG) =
0.5 and Vv(BG) = V(CH) = 2.0, and ‘these are the three-values of v .
leading to common projections. For nonlinear afrays, the same
common projections lead to v = 1; however v (CD) and v(FG) are not
equal, and nor are the pairs v(BG) and v(CH) or v(CG) and v (EG) .
In the nonlinear case, there are therefore seven values of v that
lead to common progectlons.

For prOJectlons onto any - point on the dlagonal with-
coordlnates (x,x), from an off-dlagonal node with coordlnates c*
(for cancer) and N' (for non-cancer), the equality of the two WNJJ
values at the two points requires that :

'

%X + vk = C' + vN' A (30)

or, V = ———mm——— S , o C o (31)
. ' X - N' \, . .

slope = = —==---== = = mmommo . )

Thus, for any such vector,

slope = =1/v ' v o - (33)
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, Considering the above, it is expected that for linear arraYs.
there will be seven possible rankings (three for the values of v
leading to common projections and four more corresponding to values
.of v between and on each side of the highest and lowest of the
three common projection values, excluding the physically trivial
cases of v equal either to zero or infinity) and fifteen possible
rankings for the nonlinear case (seven for the common projections
and eight other, again excluding the two trivial cases). These

'are tabulated in Tables 8.2.6.1 and 8.2.6.2. An alternative to
deriving the rankings by considering, geometrically, the rotations
of the vectors around the nodes so as intersect the diagonal is to
assign values to v. For. either the,linéar or nonlinear arrays,
values of v for the common points plus arbitrarily chosen values of
v between and to either side of these makes it possible to
calculate the weights, and therefore to derive. the rank orders,
corresponding to each of these values of v; thus the possible sets
of rank orders are derived. For the linear case,. the common-point
' values'of,v.are»o.s, 1.0 and 2.0, whereas for the nonlinear case
these values depend on the h-m/m-1 ratio; however, common-point
values of v based on any arbitrarily chosen value of this ratio,
‘(or of -the values of h, m, or 1) plus other values of v falling-
" petween and to either side of the common-point values, may be used
to make the weight calculation with the same result regardless of
the choices; in the case of three-by-three nonlinear arrays,
whatever the value chosen for h-m/m-1, the rank order patterns
derived will be the same. For four-by-four and higher nonlinear
arrays, more than one set of rankings will be obtained depending on
' the specific values of v or ranges of values of h, m, or 1.

3

160



REFERENCES
" Section 1
1. EPA (U.s. Environmental‘ProtectionuAgency), Unfinished Business:

A Comparative Assessment of Environmental Problems. Washington,
DC. 1987. : ' '

2. EPA (U.S. . Environmental Protection Agency), . Future Risk:
Research Strategies for The 1990s. Washington, D.C. 1988.

Section 3

1. Cartwright R.A., Glashan R.W., Rogers H.J., et al: Role of N-

acetyltransferase phenotype in bladder carcinogenesis: A phar-

macogenetic epidemiological approach to bladder cancer. = Lancet,
1982; ii:842-846. : _ A o

2. CASAC (1989, Report of the Clean Air Scientific Advisory
Committee--Review of the NAAQS for Ozone: Closure on the OAQOPS
‘Staff Paper (1988) and the Criteria Document Supplement (1988).
U.S. E.P.A., Washington D.C. o o

3. Chan-Yeung M, Ashley M. J., Corey P., et al: Pi phenotypes and
the prevalence of chest symptoms and lung function abnormalities in
workers employed in dusty industries. Am Rev Respir Dis 1978;
117:239-245. ' I ' .

4. Doll R. and Peto R. (1981). The causes of cancer. Quantitative

estimates of avoidable risks of cancer in the United States today.
JNCI 66, 1192-1308. g ‘ S

5. Evans, G.W., Colome,' s.D., Shearer,v'D.F;; Psydhological
 Reactions to Air Pollution. Environmental Research. 1988, Vol 45:
1-15.

6. Ershow, A.G. and Cantor, K,P._Populationjbased‘esﬁiméte’of water
intake. Fed. Proc. 45:706, 1986. T o I
7. Ferris, B.G., Health Effects_of'EXposure'to'lpWiIevels of
Regulated Air Pollutants: A Critical Review. Air Pollution Control
Assoc., Vol 28, No. 5, May 1978 ' N

8. Finkel, A.M. Confronting uncertainty. in risk'manaqement.'A guide
for decision-makers. Center for Risk Management, Resources for the
Future, Washington D.C. 1990 : o

9. Gaylor, D.W. and Kodell, R.L. Linear interpplation algorithm for
low dose risk assessmentiof toxic substances. J. Environ. Pathol.
and Toxicol. 4:305-312, 1980 o o

161



10. .Gaylor, D.W. ‘Quantitative risk analysis for quantal
reproductlve and developmental effects. Environ. Health Persp.
79:243-246, 1989 ' '

11. Harrls, C.C. Future directions in the use of DNA adducts as'
internal dosimeters for monitoring human exposure to env1ronmenta1
~mutagens and carcinogens. Environ. Health Persp. 62 185-91, 1985.

12. Higgins I.T.T., What Is An Adverse Health - Effect? J Air
» Pollution Control Assoc. 1983, Vol 33: 661-663.

13. Hills, B.W., Venable, H.L. The interaction'offethyl.alcohol and
industrial chemicals. Am Jour Ind Med, 1982; 3:331-333.

14. Jadrychowsk1 W. Interactlon of smoking and urban air pollution
in the etiology of lung cancer. Neo lama, 1983 30 603 -609.

15 Krewskl, D. and Van Ry21n, J. Dose response models for quantal
response toxicity data. pp 201 in Statistics and Related Topics, .
1981, Ed. Sxorgo, J., Dawson, D., Rao, J. NAK.; and -Saleh, E.,
North Holland, New York. ' ‘

16. Lippmann.M. (1989) . Health-effectsdof.ozone. A“criﬁical‘review.

JAPCA, 39:671-695. ' ' o '

17. thtlefleld N.A., Farmer, J.H., Gaylor, D.W., and Sheldon,

_W.G. Effects of dose and time in a long-term, low—dose carclnogenlc
study. J. Environ. Pathol. and Toxicol. 3:17-34, 1979.

18. Machina, M.J. Choice Under Uncertainty: Problems Solved and
Unsolved. -In: Valuing -Health Risks, Costs, and Beneflts for'
Environmental Decision Maklnq - Report of a Conference, Ed. P. B.
Hammond and R. Coppock. Natlonal Academy Press, Washington, 1990
pp. 134-188

19. Mahaffey, K.R. Nutritional factors in lead pOisoning. Nutr Rev
1981; 39:353-365 ~ : , L o 1g. JULI 2eV

20. Marquis, J.K. and Siek, G.C. Sen51t1ve populatlons and risk
assessment'ln environmental policy-making. In: Saxena, J. (ed.),
Hazard Assessment of Chemicals, Vol. 6, Washington D.C. Hemisphere,
1988. o - ’ ‘ o

162



21. Milvy, P. 1986. "A: General Guldellne for Management of Risk
from Carcinogens." Risk Analysis 6(1), 81-94.

22, NAS, committee on the’ Epldemlology ‘of Air Pollutants.
Epidemiology and Air Pollution. Washington D.C.: National Academy
Press, 1985. » :

23. NAS, Commlttee on the Instltutlonal Means for Assessment of
Risks to Public Health. National Research Counc1l Risk Assessment
in the Federal Government: Manaqlnq the Process. Washlngton D. C.:
National Academy Press, 1983 ' - :

24. NAS, Drinking Water and Health. Safe Drinking Water Committee,
Wash. D.C. Natlonal Academy of Sclences, Vol.v6,‘1986 '

25. National Research Coun01l. Biologic Markers in Pulmonary
Tox1cology Washlngton D. C.. Natlonal Academy Press, 1989.

26. Natlonal Research Counc11 Rlsk Assessment. In:  The. Federai
Government Managing the Process, Natlonal Academy Press, 1983. )

27. Needleman, H., Schell, A., Belllnger, D., Lev1ton, A., Allred, .
E.N. The Long-term Effects of Exposure to Low-doses'of Lead in
Children: 11 Year Follow-up. Report. New Enq, J. Med., 1990, Vol
322, pp 83-88. ’ : ‘ o :

28. Perera, F., Mayer, J., Santella, R.M., Brenner, D{, Jeffrey,
~ A., Latriano, L., Smith, S., Warburtoh,'D;, Toung, T. L., Tsai,

W.Y., Hemminki, K., and Brandt-Rauf, P., Biologic.markers in risk
assessment for env1ronmental carclnogens. ‘EnV1ron. Health Persp.
(in press), 1990.. o .
29. Radlke, M.K., Stemmer, K.L., Brown, P G., Larson E., Bingham,
E. Effect of ethanol and vinyl -chloride on the 1nductlon of liver
tumors: Prellmlnary'Report Environ. Health Perspect 11977, 21:153-
155. :

i
L

30. Rothman K.J., Modern Epldemlology Little‘Brown and Company.
Boston, 1986. - '

163 -



31 Sllverstone H., Searle J.H.A.: The epldemlology of skin cancer
in Queensland: the influence of phenotype and environment. Br J

;.Cancer 1970; 24:235~- 252.

32. Spengler J.D., Soczek M. L., Ev1dence for. lmproved amblent air
~quality and the need for personal exposure research. Env1ron. Sc1
Technol 1984; 18:286-280

©33. Steenland, K, Thun, M. Interactlon between tobacco smoking and
occupatlonal exposures in the causatlon of lung cancer. Jour Occup
Med 1986; . 28:110-118

"734 Upton A.C. Blologlcal aspects of radlatlon carc1nogene51s. In.
Radlatlon Carc1noqene51s- Epidemiology and Bloloqlcal Slqnlflcance
Ed. J.D. Boice Jr., J F. Fraumeni Jr.), PP. - 9-19. Raven Press New
York, 1984. '

35.3 Upton A.C. The gquestion of thresholds for radiation and
chemical carcinogenesis. Cancer Investlgatlcn, 1989, 7% 267 -276.

36..Va1nlo, H., Sorsa, M., and Mchchael A.J. (eds.), Complex
: Mlxtures and Cancer Rlsk IARC Scientific . Publlcatlons, No. 104,
Lyon (in press). : : :

‘37 Wallace L.A., ott W.R., Personal Monitors: a state-of-the-art-
survey J Air Pollut Control Assoc 1982; 32:601- -10be .

38. Waters, M.D., Nesnow, S., Lewtas, J., Moore, M. M., and Daniel,
F.B. (eds.), Genetic Toxicology of. Comnlex Mlxtures. ‘Plenum
‘Publishing Corp. NY (in press).

39.. Wlllet W. vVitamin A and Lung éancer.idin:'hﬁtrifidﬁai"
pldemlology W. Willet Ed. New.Ycrkf Oxford'gniyersity Press,
1990. - ' : R S

40. Witschi H.P. Altered tissue reactivity and 1nteractlons between
chemicals. In: Assessment of Multichemical Ccntamlnatlon. Proceed-
ings of an International Workshop, Milan, Italy. Natlonal Academy
Press, 1982. '

164



41. Witschi H.P. Tox1colog1cal interactions and the pathogenesis of
acute and chronic lung injury. In: Concepts in Inhalation Toxicol-
.ogy (eds. R.O. McClellan and R.F. Henderson), pp. 475-492.
Hemisphere Publishing Corp., Washington DC, 1988.

42. Zeckhauser, R.J. and Viscusi, W.K., Risk Within Reason, 1990,
Science 248:559-564. ‘ : . :

43. Zweig, G.A. The Case of The Vanishing Zero: Evolution of
Pesticides Analysis, Essays in Toxicology, Vol. II, 1970, pp 155-
198. . ' o - o

Section 5‘

1. Buffler, P. A.,Crane, M., Key, M.M., P0551b111t1es of Detecting
Health Effects By Studies of Populations Exposed to Chemicals from
Waste Disposal Sites, Env. Hlth. Persp., 62:423- 456, 1985.

2. Doll, R. and Peto, R., JNCI 66:1191-1308, 1981

3. Bond, G. G., Shellenberger, R. J., Fishbeck, W. A., |
cartmill, J. B., Lasich, J. B., Wymer, K. T., and Cook, R.
R., JNCI 75(5) :859-869 . S

4. Bond, G. G., McLaren, E. A.,»Cartmill, J. B., Wymer, K. T.,
Sobel, W., Lipps, T. E., and Cook, R. R., Am. J. Indust.
Med. 12:563-578, 1987 ‘ : B

5. Bond, G. G., Mclaren, E. A., Cartmill, J. B., Wymer, K. T.,
Sobel, W., Lipps,; T. E., and Cook, R. R., Am. J. Indust.
Med. 12:353-383, 1987 ‘

6. Delzell E., Austin H. and Cole, P., Occup Med 3(No 3): 455—
474, 1988

7. Driscoll, K.E., Vollmuth, T.A., and Schlesinger, R.B. Early
Alveolar Clearance of Particles in rabbits Undergoing Acute and
Sub-chronic exposure to Ozone, Fundamental Appl. Toxicol. 7:264-
271, 1986. E -

165



8. Gunnison, A.F., Sellakumar, A., Synder, E. A., and Currle, D. The

Effect of Inhaled  Sulfur Dioxide And Systemic Sulfite on . The

- I Tnduction of ILung carcinoma in Rats By Benzo(a)nvrene. Env1ron.
Res. 46:59-73, 1988.

9. Hassett, C., Mustafa, M.G., Cculson, W. f., and Elashoff, R.M.
Murine Lung carcinogenesis Following Exnosure +o Ambient Ozone
Concentrations. JNCI 75:771-777, 1985. '

10. Kaplan,'s D., J. Occup. Med. 28(7):514~-516, 1986

11. King, J. OSHA Dramatlca11V'Re—wr1tes Egposure leltS to Protect’
Workers, AP Wire Service, January 13, 1989.

12 Levy, B.S., and Wegman, D.H. "Occupatlonal Health in The'Unlted,
States," in: Occupational Health, Recoqnlzlnq And Preventing Work-
related Disease. pp. 3-4, Ed: Levy, B.S. and Wegman, D.H. thtle
Brown and Co., Boston, 1988. '

13. National Academy of Sc1ences-Natlonal Research Coun01l
.(NAS/BEIR). The Effects on Populations of Exposure to ILow Levels
of Tonizing Radiation. (BEIR III). Natlonal Academy Press,
Washington, 1980. -

14. National Academy of Science-National- research Council.
Requlating Pesticides in Food, National Academy Press, Washington
D.C., 1987. '

15. National Academy of Sciences-National 'Research Council
(NAS/BEIR) . Health Effects of Low Level Ionlzlnq'Radlatlon, BEIR V,
Natlonal Academy Press, Washington D.C. 1990.

16. Nicholson, W.J., Arch. of Environ. Health ;g(No.j):igo—zoz
(1984) : - ' '

17. pifer, J. W., Hearne, F. T., Friedlander, B. R., and
McDoncugh J. R., J. Occup. Med. 28(6):438-444 (1986)

18. Sch1e51nger, R.B. and Gearhart, J.M. Intermittent Exposuree to
Mixed Atmospheres of Nitrogen Dioxide And sulfuric Acid: Effect on
Partlcle Clearance from The Respiratory Reqlon of Rabbit Iunqs,
Tox1cology 44:309~ 319, 1987. :

166



- 19. Speers,'M A., Dobblns, J G, and Miller, Van S. Occupatlonal
exposures and brain cancer mortality: A preliminary studv of
.. East Texas residents. Am. J. Indstr. Med. 13: 629 638, 1988.

~20. Upton, A.C., Kneip, E., and Toniolo,  Public Health Aspects
of Toxic Chemical Disposal Sites, Ann. Rev. of Pub Hlth 10:1- 25,
1988. - :

21. Warren, D.L., and’ Last, J.A. Svnerq1st1c Interactlon of Ozone
- and Resplrato;y Aerosols in rat Iung. III. Ozone and sulfurlc ac1d
aerosol Toxicol. Appl. Pharmacol. 88: 203-216, 1987.

22. Witscﬁi, H. Ozone, nitrogen dioxide and 1ung cancer: A review
of some recent issues and problems. Toxicol. 48: 1-20, 1988. .

23. Wong, O. and Raabe, G. K., Am. J. Indust. Med. 15:283-310
1989 | ' A S ‘

24, Yancey, M.: Rate of Job Injuries, Disease,fonARise, AP Wire ~
Service, November 11, 1988. ' : ' L . -

' Section 6

1. International Commission .on Radiological ProteCtioni Problems
Involved in Developing an Index of Harm, ICRP Publication 27,
Pergamon Press, New York, 1977. ' ‘

2. Internatlonal Commlss1on on Radlologlcal Protectlon, Quan~¢
titative Bases for Develonlnq a ‘Unlfled Index of Harm, "ICRP
Publication 45 Pergamon Press, New York, 1985.4 - '

3. National Research Council. Cdmglex Mlxtures‘r Methods for In

vivo Tox1c1tz Testing. National Academy Press, WaShington, DC
(1988) ' ‘ ‘
4. Natlonal Research Council, Tox1c1tv Testlnq'—— Stratedies fo

DetermlneiNeeds and Prlorltles, Natlonal Academy Press Washlngton,
D.C. 1984. : :

167



Section 8.1.l1--Appendix .
OZONE CASE STUDY -

1. Abraham,‘W.M., Delehunt, J.C., Yerger, L., Marchete, B. and
oliver, W., Jr. Changes in airway permeability and responsiveness .
after exposure to ozone. Environ. Res. 34: 110-19, 1984. )

2. Amoruso, M.A., witz, G. and ‘Gdldstein, B.D. Decreased
superoxide anion radical production by rat alveolar macrophages
following inhalation of ozone or nit;ogen:dioxide;U Life Sci. 28:
2215-21, 1981. ' o ' ’

3. Amoruso, M.A. and Goldstein, B.D. Effect of 1, 3, and 6 hour
ozone exposure on alveolar macrophages superoxide production.
Toxicologist 8: 197 1988. ' .

4. Aranyi, C., Vana, S.C., Thomas, P.T., Bradof, J.N., Fenters,
J.D., Graham, J.A. and Miller, F.J. ,Effgcts;of.subchronic exposure .
to ' a mixture of 0O; , S02, and (NH4) 2504 on host defenses of mice.

J. Toxicol. Environ. Health 12: 55-71, 1983. R T

5. Barry, B.E., Miller, F.J. aﬁd Crapo, J.D. Effects of inhalation
-~ of 0.12 and 0.5 ppm ozone on the proximal alveolar region of
juvenile and adult rats. Lab. Invest. 53: 692-704 (1985).

6. Barry, B.E., Mercer, R.R., Miller, F.J. -and Crapo, J.D.
Effects of inhalation of 0.25 ppm ozone on the terminal bronchioles
of juvenile and adult rats. ‘Exp. Lung. Res. 14: 225-45 (1988) .

7. Bates,. D.V. Ozone- myth and rea;ity.v'Environ;«Resf 50: 230-7
(1989) - | . 2re SET0

8.. Bohning,. D.E., Albert, R.E., Lippmann, M._and Foster, W.M.
Tracheobronchial particle deposition and clearance. A study of the
effects of cigarette smoking in monozygotic twins. ' Arch. Environ.
Health 30: 457-62 (1975). : S : :

9. CASAC. Review of the NAAQS for Ozone. EPA-SAB-CASAC-89-019,
U.S. EPA, Washington, DC (1989). ’ . -

168



10. Chan, T.L. and Lippmann, M. Experlmental measurements and
empirical modelling of the regional deposition of 1nha1ed.part1cles
in humans. Am. Ind. Hyg. Assoc. J. 41: 447—59 (1980)

11. Coffln, 'D.L., Blommer, E.J., Gardner, D.E. and Holzman, R.
"Effect of  air pollutlon on alteration of susceptibility. to
pulmonary infection. In: Proceedings of the Thlrd.Annual Conference
oni_Atmospheric Contamination in confined Spaces, Wright-Patterson
Air Force Base, OH: Aerospace Medical. Research Laboratories, pp.
71-80, Report No.  AMRL-TR-67-200. Available from: NTIS,
Springfield, VA, AD-835008 (1967). ' '

12. Coffin, D.L.,'Gardner, D.E., Holzman, R.S.'and-Woiock, F.J.
Influence of ozone on pulmonary cells. ‘Arch. Environ. Health 16:
633-36 (1968). :

13, Coffin, D.L. and Gardner D.E. Interaction of biological agents
and chemical air pollutants. Ann. Occug, Eyg.<15; 219-35 (1972).

14. Delucia, A.J. and Adams,’ W.c. Effects of o inhalation during
exercise on pulmonary function and blood blochemlstry J. Appl.
Physiol. 43: 75-81 (1977). : '

15. Detels, R., Tashkin, D.P., Sayre, J.W., Rokaw, S.N., Coulson,
A.H., Massey, F.J. and Wegman, D.H. The UCLA population studies
of chronic obstructive respiratory disease. 9. Lung function
changes assoc1ated‘w1th chronic’ exposure to photochemical oxidants;
a cohort study among never-smokers.. Chest 92: 594-603 (1987)

16. Dowell, A. R., Lohrbauer, L.A., Hurst D. and Lee, S D. Rabbit
alveolar macrophage. damage caused by in vivo ozone 1nhalatlon.
Arch. Environ. Health 21: 121-27 (1970)

17. Drechsler-Parks, D. M., Bedi, J.F. and Horvath S.M.. Puimonary
function responses of older men and women to ozone, exposure.* T
Geront. 32' 91-101 (1987).

18. Driscoll, K.E., Vollmuth, T.A. and- Schlesinger, R.B. Early
alveolar clearance of particles in rabbits undergolng acute and
subchronic exposure to ozone. 'Fund. Appl. Toxicol. 7: 264-71
(1986) . ' ~ '

169



19 Driscoll, K.E., Vollmuth T.A. and Schles1nger, R.B. Acute and.
subchronic ozone inhalation in the rabblt. Response of alveolar
macrophages. J. Toxicol. Environ. Health 21: 27-43 (1987).

. 20. Ehrlldh, R., Findlay, J.C., Fenters, J.D. and Gardner, D.E.
Health effects of short-term inhalation of nltrogen dioxide and
ozone mlxtures. Environ. Res. 14: 223-31 (1977)

21. Ehrllch. R., Findlay, J.C. and Gardner,  D. E. Effects of

repeated exposures to peak concentrations of nitrogen dioxide and

ozone on resistance to streptococcal pneumonla. J. Toxicol.
Environ. Health 5: 631-42 (1979). '

22. Ehrlich, R. Interaction between enVironmental pgilutants and
respiratory infections. Environ. Health Perspec. 35: 89-100
(1980) . B ' 1 )

23. Farrell, B.P., Kerr, H.D., Kulle, T.J., Sauder, L.R. and
Young, J.L. Adaptatlon in human subjects.to the effects of inhaled
ozone after repeated exposure. Am. Rev. DlS. 119 725- 30 (1979)

»4. Folinsbee, L.J., Bedi, J.F. and Horvath, S.M:. R_espiratory
responses in humans repeatedly»exposed'to low concentrations of
“ozone. ‘Am. Rev. Resp. Dis. 121: 431-39 (1980). ‘

25. Fcllnsbee, L.J., McDonnell W. F. and Horstman, D.H. Pulmonary
function and symptom responses-after 6.6 hour exposure to 0.12 ppm

ozone with moderate exercise. JAPCA 38: 28-35 (1988).

‘ 26 Follnsbee, L.J. and.Hazucha, M.J. Persistence ofnozohe—induced-'

" ‘changes in lung function and airway respons1veness In: Atmospherlc

Ozone Research and its Pollcy Imgllcatlons, T.\_Schnelder, s.D.
Lee, G.J.R. Wolters, L.D. Grant, Eds.,,Elseyler, Amsterdam, The
Netherlands, pp. 483-92 (1989). o ' ' :

27. Foster, Ww.M., Costa, D.L. and Langenback E G.I‘Ozone exposure'
alters tracheobronchial mucociliary. functlon in humans. J.-Appl..
Physiol. 63: 996-1002 (1087) -

28. Fouke, J. M, Delemos, R.A., McFadden, E. R., Jr. Airway :esponse
to ultra short-term exposure to ozone. Am. Rev. Resp. Dis. 137:
326-30 (1988). o

170



.29, Frager, N.B., Phalen, R.F. and Kenoyer, J.L. Adaptation to
. ozone in reference to mucociliary clearance. Arch. Environ. Health
34: 51-57 (1979).

30. Gardner, D.E., Miller, F.J., Illing, J.W.  and Kirtz, J.M.
Increased infectivity with exposure to ozone and sulfurlc ac1d.
Toxicol. Lett. 1: 59-64 (1977). )

31. Goldstein, E., Tyler, W.S., Hoeprlch P.D. and Eagle, C. Ozone
"and the antibacterial defense mechanisms of the murlne lung. Arch.
Intern. Med. 128: 1099-1102 (1971) . :

32, . Goldsteln, E., Tyler, W.S., Hoépridh P. D. ‘and Eagle, C.
Adverse influence of ozone on pulmonary bacter1c1dal act1V1ty of
murlne lungs. Nature 229' 262-63 (1971) ‘ <

33. Goldstein, B.D., Hamburger, s.J.,. Falk G W. and Amoruso, M.A.
_Effect of ozone and nitrogen dioxide on the agglutlnatlon of rat
alveolar macrophages by concanavalin A. Life Sci. 21: 1637-44
(1977) . ‘ ' ‘ 3 '

34. Grose, E.C., Gardner, D.E. and Mlller, F. J._ Response of
ciliated epithelium to ozone and sulfurlc ac1d. Environ. Res. 22:
377-85 (1980). ‘ :

'35. Grose, E.C., Richards, J.H., Illing, J.W., Miller, F.J.,
- Davies, D.W., Graham, J.A. and Gardner, D.E.~ Pulmonary host
defense responses to- 1nha1at10n of sulfurlq acid and ozone. J.
Toxicol. Environ. Health 10: 351-62 (1980)

36. Grose, E.C., Stevens, M.A., Hatch, G.E., Jaskot, R.H.,

Selgrade, M.J.K., Stead, A.G., Costa, D.L. and Graham, J.A. The '

impact of a 12 month exposure to a diurnal pattern of ozone on

' pulmonary functlon, antioxidant biochemistry 'and 1mmunology In:
Atmospheric Ozone Research and its tic Implications, T. Schnelder,"'

'S.D. Lee, G.J.R. Wolters, L.D. Grant, Eds., Elsev1ery Amsterdam,
The Netherlands, pp. 535-44 (1989): ’ ' o

37. Hackney, J.D., Linn, W.S., Mohler, J. G. ‘and Collier, C.R.

Adaptation to short-term respiratory .effects of ozone in men
exposed repeatedly. J. Physiol. 43: 82-85 (1977) :

171



38. Harder,’ S.D., Harris, D.T., House, D.E., and Koren, H.S.
(1990) . Inhibition of human natural killer cell activity following
Lin vitro exposure to ozone. Inhalation Tox1cologz 2: 161-173

39. Hayes, S. R., Moezzi, M., Wallsten, T.S. and Wlnkler, R.L. - An
analysis of symptom and lung function data from several human .
controlled ozone exposure studies (Draft Final Report), San.Rafael
CA: Systems Appllcatlons, .Inc. (1987). :

40. Hazucha, M.J. Relationship ‘between ozone exposure ~and
pulmonary function changes. J. Appl. Phxs1ol 62: 1671-80 (1987)

41. Hazucha, M.J., Bates, D.V. and‘Bromberg, P.A. ‘Mechanism of
_action of ozone on the human lung. J. Appl. Phys;ol. 67: 1535-41
(1989) K '

42. Holguin, A.H., Buffler, P.A., Contant C F., Jr., Stock T.N.,
Kotchmar, D., Hsi, B.P., Jenkins, D.E., Gehan, B. M., Noel, L.M. and
Mei, M. The effects of ozone on asthmatlcs in the Houston area.
Trans. APCA TR-4: 262-80 (1985). :

43. Horstman, D., McDonnell, W., Abdul-Salaam, S.; Folinsbee, L.
and Ives,.P. Changes in pulmonary function and airway reactivity
due to prolonged exposure to near ambient ozone levels. In:
Atmospherlc Ozone Research and its tic Impllcatlonsl T. Schneider,
S.D. Lee, G.J.R. Wolters, L.D. Grant, Eds., Elsevier, Amsterdam,
The Netherlands, pp. 755-62 (1989). _ :

44. Horvath 'S.M.; Gllner, J.A. and Folinsbee, L.J. Adaptation to
ozone: Duration of effect. Am. Rev. Resp. DlS. 123: 496-99 (1981).

45, Huang, Y., Chang, L.Y., Mlller, F.J., Graham, J. A., Ospltal“

J.J. and Crapo, J.D. Lung 1njury caused by ambient levels of

- oxidant air pollutants: Extrapolation - from anlmal to man. Am. J.
Aerosol Med. 1: 180-83 (1988).

46, Hurst, D.J. and Coffln, D.L. - Ozone effect on lysosomal
hydrolases of alveolar macrophages in v1tro. Arch. Intern. Med.
127: 1059-63 (1971). :

172



47. Hurst, D. J., Gardner, D.E. and Coffin, D.L. Effect of ozone on
acid hydrolases of the pulmonary alveolar macrophage. J.

_.Reticuloendothel. Soc. 8: 288-300 (1970) .

48. Hyde, D.M., Plopper, C.C., Harkema, J.R., St. George, J.A.,
,TYler, W.S. and Dungworth, D.L. Ozone-induced structural changes
in monkey respiratory system. In: Atmospheric. Ozone Research and
its Policy Implications, T. Schneider, S.D. Lee, G.J.R.- Wolters,
L.D. Grant, Eds., Elsevier, Amsterdam, The Netherlands, pp. 535-44
(1989).

49. Illing, J.W., Mlller, 'F.J. and Gardner, D.E. ‘Decreased_
resistance to infection in exerc1sed mice exposed to NO, and O;. J
Toxicol. Environ. Health 6: 843-51 (1980)

50. Kagawa, J. Exposure>effect relatlonshlp of'selected‘pulmonary
function measurements in subjects exposed to ozone. Int. Arch.
Occup. Environ. Health 53: 345-58 (1984). ' ‘

\.

51 Kenoyer, J.L., Phalen, R.F. and Davis, J R. Particle .clearance
from the resplratory tract as a test of tox1c1ty. Effect of ozone
on short and long term clearance. Exp. Au'g Res. 2: 111-20
- (1981). - - .

52. Kinney, P.L., Ware, J.H. and Spengler, J.D. A critical
evaluation of acute ozone epidemiology results. Arch. Environ.
Health 43: 168-73 (1988). ' ' : : '

53. Knudson, R.J., Lebowitz, M.D., Holberg, C.J. and Burrows, B.
Changes in the normal maximal expiratory flow-volume curve with
growth and aging. Am._ Rev. .e p. Dis. 127: 725 34 (1983)

54. Koenlg, J.Q., Covert, D.S., Marshall, S.C., van Belle, G. and
Pierson, W.E. The effects of ozone and - nitrogen dioxide on
pulmonary function in healthy and in asthmatic adolescents. Ag;
Rev. Respir. Dis. 136: 1152-57 (1987).

55 Koren, H.S., Devlin, -R.B., -Graham, D.E., Mann, R., McGee, M P.,
Horstman, D.E., Kozumbo, W.J., Becker, S., House, D.E., McDonnell,
W.F. and Bromberg, P.A. Ozone-induced inflammation - in the lower'
airways of human subjects. 2Am. Rev. Respir. Dis. 139: 407 (1989);

173



56. Koren, H;, Graham, D., Becker, S. and Devlin, R. Modulation of
the inflammatory response in the human lung exposed to ambient
levels of ozone. In:AAtmospheric Ozone Research and its Policy
Implications, T. Schneider, S.D. Lee, G.J.R. Wolters, L.b. Grant, -
Eds., Elsevier, Amsterdam, The Netherlands, pp. 745-53 (1989).

57. Kulle, T.J., Sauder, L.R., Kerr, H.D., Farrell, B.P., Bermel,
M.S. and Smith, D.M. Duration of pulmonary function adaptation to
.ozone in humans. Am. Ind. Hydg. Assoc. J. 43: 832-37 (1982).

58, Last, J.A. Effects of inhaled acids on lung biochemistry.
FEnviron. Health Perspect. 79: 115 (1989). - ‘

59. Leikauf, G.D., Driscoll, K.E. and Wey, H.E. Ozone-induced
augmentation of eicosanoid metabolism in epithelial cells from .
bovine trachea. Am. Rev. Resp. Dis. 137:' 435-42 (1988).

60. Linn} W.S., Jones, M.P., Bachmeyer, E.A., Spier, ~"C'.E.,, Mazury
S.F., Avol, E.L. and Hackney, J.D. - Short-term respi‘ratmj;y effects
of polluted air: A laboratory study of volunteers in'a high-oxidant
community. Am. Rev. Resp. Dis. 121: 243-52 (1980). .

61. Linn, W.S., Shamoo, D.A., Venet, T.G., Spier, C.E., Valencia,
L.M., Anzar, U.T. and Hackney, J.D. Response to ozone in
volunteers with chronic obstructive pulmonary disease. Arch.
Environ. Health 38: 278-83 (1983). : ‘

62. Linn, W.S., Avol, E.L., Shamoo, D.A., Peng, R;C.', Valencia,
. L.M., Little, D.E. and Hackney, J.D; Repeated laboratory ozone
exposures of volunteer Los Angeles residents: An 4apparent seasonal

' yvariation in response. Toxicol. Indust. Health 4: 505-20 (1988).

63. Lippmann, M. Health sign_ificance of pulmbnary function tests.
JAPCA 38: 881-87 (1988). : E . -

64. Lippmann, M., Lioy, P.J., Leikauf, G., Green, K.B., Baxter, D.,
Morandi, M., Pasternack, B., Fife, D. and Speizer, F.E. Effects of
ozone on the pulmonary function of children. Adv. in Modern
Environ. . Toxicol. 5: 423-46 (1983). B ' '

65. Lippmann, M. Health effects of ozone: A critical review.
JAPCA 39: 672-695 (1989). B '

174



66. McAllen, S.J., Chiu, S.P., Phalen, R.F. and Rasmussen, R.E.
Effect of in vivo ozone exposure on in vitro pulmonary. alveolar
-macrophage mobllity. J. Tox1col Env1ron. Health 7: 373-81 (1981).

-67. McDonnell, W F., Horstman, D.H., Hazucha, M.J., Seal E., Haak,
E.D., Salaam, S.A. and House, D.E. Pulmonary: effects of ozone
exposure during exercise: Dose-response characteristlcs. J Apgl.
PhYSlOl 54: 1345-52 (1983). ' : '

68. McDonnell W.F., Chapman, R.S., III Leigh M.U., Strope, 'G.L.
and Collier, A.M. Respiratory responses of vigorously exerc151ng.
children to 0.12 ppm ozone exposure. Am. Rev. Resp. Dis, 132: 875~
79 (1985). ' ) o .

69. McDonnell, W.F., Horstman, D H., Abdﬂl—salaam,'s. and House,
D.E. Reproduc1b111ty of individual responses to ozone ‘exposure.
Am. Rev.Resp. Dis. 131: 36-40 (1985). '

70. McDonnell W. F., Horstman, D.H., Abdul Salaam, S., Raggio ‘L.J.
and Green, J.A.° The respiratory responses of’ subjects with
allergic rhinitis to ozone exposure and their relationship to
nonspecific airway reactivlty. Toxicol. Indust Health 3' 507-17
(1987).

71. Miller, F.J., Illing, J.W. and Gardher, D.E. Effect of urban
ozone _levels on laboratory-induced respiratory infections.
Toxicol. Lett. 2: 163-69 (1978). -

~72. Miller, F.J., Menzel D.B. and Coffin, D.L. Similarity bétWeen
man and laboratory animals- in regional pulmonary dep051t10n of |
_ozone. Environ. Res. 17: 84-101 (1978)

73. National Researdh'Counc1l. Complex Mlxtures - Methods for In

Vivo Toxicity Testing. National Academy Press, Washington, DC
(1988). ' ' ’

74. Overton, J.H. and Miller, F.J. Modelling ozone dbsorption in
lower respiratory tract. Preprint 87 99.4. 1987 Annual Meeting of
Air Pollut. Contr. Assoc., New York (June 1987).

175



75. Phalen, R.F., Kenoyer, J.L., Crocker, T.T. and McClure, T.R.-
Effects of sulfate aerosols in combination with ozone on
 elimination of tracer particles inhaled by rats. J. Toxicol.
Environ. Health 6: 797-810 (1980).

76. Phipps, R.J., Denas, S. M., Slekzak M.U. and  Wanner, A.
Effects of 0.5 ppm ozone on glycoproteln secretion, ion and water
- fluxes in sheep trachea. J. Appl. Physiol. 60: 918~ 27 (1986) .

77. Pinkerton, K.E., Brody, A.R., Miller, F.J. and Crapo, J.D.
Exposure to a simulated "ambient" pattern of ozone results in
significant pulmonary retention of asbestos fibers. Am. Rev. Resp.
Dis. 137: Al66 (1988). - o :

'78. Raub, J.A., Miller, F.J. and Graham, J.A. Effects of low level
ozone exposure . on pulmonary function in adult and neonatal rats.
Adv. Mod. Environ. Toxicol. 5: 363-367 (1983)

79. Reisenauer, C.S., Koenig, J.Q., McManus, M. S., Smith' M. S.,'
Kusic, G. and Pierson, W.E. Pulmonary response to ozone exposures .
in healthy individuals aged 55 years or greater. JAPCA 38: 51-55
(1988). ' ' \ : '
80. Rombout, P.J.A., Lioy, P.J. and Goldsteln, B.D. ‘Rationaie for
an eight-hour ozone standard. JAPCA 36: 913-17 (1986).

81. Rombout, P.J.A. U.S.-Dutch collaboration. In: Atmosgheric
Ozone Research and its Policy Imgllcatlons, T. Schneider, S.D. Lee,
G.J.R. Wolters, L D. Grant, Eds., Elsevier, Amsterdam, The
Netherlands, pp. 710-10 (1989) .

82. Schlesinger, R.B. and Driscoll, K.E. Mucociliary.clearanée
-from the lungs of rabbits following 51ngle and intermittent
exposures to ozone.J. Toxicol. Env1ron. Health 20: 125 34 (1987).

83. Schwartz, J. Lung function and chronic exposure to air
pollution: A cross—sectlonal ana1y51s of NHANES II. Environ. Res.

50: 309-21 (1989). : '

84. Shephard R.J., Urch, B., Silverman, F. and Corey, P.N.
Interaction of ozone and 01garette smoke exposure.‘_Environ. Res.

31: 125-37 (1983). ’

176



85. Sollc, J.J., Hazucha, M.J. and Bromberg, P.A. The acute
effects of 0.2 ppm ozone in patients with chronlc obstructlve
.pulmonary disease. Am. Rev. Resp. Dis. 125: 664-69 (1982)

86. Spektor, D.M., Llppmann, M., Lloy, P.J., Thurston, G.D., Citak,
K., James, D.J., Bock, N., Speizer, F.E. and Hayes, C. Effects of
amblent ozone on respiratory function in actlve normal chlldren.
Am. Rev. Resp. Dis. 137: 313- -20 (1988a)

87. Spektor, D.M., Lippmann, M., Thurston, G.D., Lioy, P.J.,
Stecko, J., 0'Connor, G., Garshick, E., Speizer, F.E. and Hayes, C.
‘Effects of ambient ozone on respiratory function in healthy adults
exercising outdoors. Am Rev. Resp. Dis. 138: 821-28 (1988b).

\88."Spengler, J.D., Keeler, G.J., Koutrakis, P.,’ Ryan, P.B.,
Raizenne, M. end'Franklin, C.A. Exposures to acidic aerosols.
_Environ. Health Perspect. (in press). '

89. Steinberg, J.J., Gleeson, J.L., and Gil, D. (1990)  The
pathobiology of ozone-induced damage. Arch. Environ. Health 45:
30 87 ' ' )

90. Tepper, J.S., Costa, D. L., Weber, M.F., Wlester, M. J., Hatch,
G.E. and Selgrade, M.J.K. Functional and organic changes in a rat
model ef ozone‘adaptaticnf Amer. Rev. Resp. Dis. 135: A283 (1987).

91. ‘Tyler, W.S., Tyler, N.K., Last, J.A., Gillespie, M.J. and
Barstow, T.J. Comparison of daily and seasonal exposures of young
monkeys to ozone. Tox1cology 50: 131-44 (1988).

92. Wayne,.W.S.,_Wehrle,,P,F,_and Carroll R. E.j' Ox1dant air
pollution and athletic performance. J. Am, Med Assoc. 199: 901~
904 (1967). -

93. Wayne,'W.S., Wehrle, P.F. and Carroll, R.E. Oxidant air
pollution and school absenteeism. Arch. Environ. Health 19: 315-22
(1967) . -

~ 94. Weschler, C.J., Shields, H.C. and Naik, b.V.'-Indoor ozone
exposures. JAPCA 39: 1562-8 (1989) .

95. Whittemore, A.S. and Korn, E.L. Asthma and air pollution in
the Los Angeles area. Am. J. Public Health 70: 687-96 (1980) .

177



96. Witschi, H. Ozone, nitrogen dioxide and lung cancer: A review
' of .some recent issues and problems. Toxicol. 48: 1-20 (1988).

97. Witz, G., Amoruso, M.A. and Goldstein, B. D. Effect of ozone on
alveolar macrophage function: Membrane: dynamic propertles. Adv.
Mod. Environ. Toxicol. 5: 263-72 (1983).

98. U.S E.P.A.  Air OQuality criteria _for Ozone. and Other
Photochemical Oxidants, Vol. II, PA/600/8 84/0206F, ECAO.

Research Triangle Park, NC (August 1986)
Section 8.1;2——Appendix-
 RADON.CASE'STUDY |
1._Alter, H.W. and Oswald, R.A. Nationwide.distributioo”ofoindoor

radon measurements' A preliminary -data base. -J. Air Pollution
Control Assoc. 37:227, 1988. o ‘

2;~Andelman, J.B. Science of Total Environ.; 47:443-460,,1985)

3. Andelman, J. B.‘Total Exposure to volatile’ organlc compounds in
potable water. In: Significance and Treatment of Volatile Organic
Compounds in Water Supplies. (N. Ram, R. Christman, . and K. Cantor,
Eds.) Lewis Publlshers, Inc., Ann Arbor, MI, Ch. 20, pp. 485- 504,
1990.

4. Bair, wW.J. Experimental carcinogenesis . in the respiratory
tract. TIn: Radiation Carcinogenesis, edited by A.C. Upton, R. E.
Albert, F.J. Burns, and R.E. Shore.v Elsev1er, New- York 1986, pp.~~-
151-167. ' ‘ - .

'.5 Chameaud Je, Masse, R., LaFuma, J. nfluence of radon daughter
exposure at low doses on occurrence of lung cancer 1n rats. In:
Radiation Protectlon Dosimetry: = Indoor Exoosure to Natural
Radiation and Associated Risk Assessment, Vol. 7, edited by G.F.
Clemente, H. Eriskat, M.C. O'Rlordan, and J. Slnnaeve. ‘Proceedings
‘of an Internatlonal Seminar held at Anacaprl, Italy, October 3-5,

©1983, 1984.

'

178



6. Cohen, B.L. Radon Levels by States and Counties.. Report of the
Radon Project data through February, 1988. ‘Radon Project,
.Pittsburgh, 1988. '

7. Cothern, C.R. Indoor Air Radon. in "Reviews of Environmental
~Contam1nat10n and Tox1cology," Sprlnger—Verlag, New York, 1990.

8. Cross, F.T.. Evidence of lung cancer risk from animal studles.
In: Radon, Proceedings No. 10. . Proceedings ‘of the Twenty—fourth
Annual Meeting of the National Council on Radiation Protection and
Measurements, March 30-31, 1988. National Council on Radiation
Protection and Measurements, Bethesda, Maryland,*1989, pp._129-139.

9. Cross. F.T., Busch, R.H., Buschbom, R. L., Dagle, G. E., Filipy,
R.E., Loscutoff, s. M., Mihalko, P.J., and Palmer, R.F. Inhalation
hazards to uranium miners. In: - Pacific Northwest Iaboratory
Annual Report for 1981 to the DoE Office of Energy Research, Part
1. Biomedical Sciences, Battelle, Pacific Northwest Laboratories,
Richland, Washingtdn, 1982. ‘ : Lo '

10. Environmental Protection Agency (EPA) ‘A _cCitizens Guide to -
Radon. U.S. Environmental Protection. Agency, Washlngton, 1986..

11. Environmental Protection Agency (EPA) Draft Environmental
Impact Statement for Proposed NESHAPS for Radionuclides.
Background Information Document Volume 1.  U.E. Environmental
Protection Agency, Washington, D.C., 1989. '

i

12. George, A.C. and Hlnchcllffe, L.E. Measurements of radon
concentrations in residential buildings  in the eastern. Unlted
States, in Radon and Its Daughter products, P. Hopke, Ed., Amerlcan
Chemlcal Society, Washlngton DC, 1987, Ch 4 pp 42- 69. '

13. Harley, N.H. and Cohen, B.S. Updatlng radon daughter‘
dosimetry. In: American Chemical Society Symposium on Radon and
. Its Decay Products, edited by P.K. Hope. American Chemical
' Society, Washington, 1987, p. 419.

14. Hess, C.T. The occurrence of radloact1v1ty in publlc water
supplies of the United. States, Health Ph 51cs, 1985_ 48:553.

179



15. Howe, 'G.R., Nair, R.D., Newcombe, H. B., et al. Lung cancer
mortality (1950-1980) in relation to radon daughter exposure in a
cohort of workers at the Eldorado Beaverlodge uranium mine. JNCI
72 357-362, 1986. '

16. International Commission on Radlologlcal Protectlon (ICRP).

ung Cancer Risk from Indoor Exposures to Radon Daughters.
Internatlonal Comm1551on.onﬁRadlologlcal Protectlon.Publlcatlonlha.
50. Pergamon Press, New York, 1987. B

17. Jacobi, W. carcinogenic effects of radlatlon on the human
‘respiratory tract. In: Radiation Ccarcinogenesis, edited by A. c.
Upton, R.E. Albert, F.J. Burns, and R.E. Shore. . Elsevier, New
York, 1986, pp. 261-278.. ' g '

18. Longtin, J.P. Occurrerice of radon,-radium, and uranium in
grpundwater;,J. American Water Works Assoc., 1988, -80:84-93.

19. Morrlscn, H.I., Semenciw, R.M., Mao, Y.,‘and Wigle, D.T.
Cancer mortality among a group of fluorspar'mlners exposed to radon
progeny. Am. J. Epldemlol 128:1266, 1988. -

20. Muller, J., Wheeler, W. c., Gentlemean, J. F., Suranyl, G., and
Kusiak, R.A.: Study of mortality of ontario miners. G In:
Proceedings of the International conference on Occupational Safety
in Mining, edited by H. Stocker.' Canadian Nuclear Association,
Toronto, 1985, p. 335. ' ' :

21. National Academy  of Sc1ences-Natlonal Research Council -
(NAS/BEIR) The Effects on Populatlons of Exposure to Lcw Levels
of Tonizing Radlatlon.‘ (BEIR I1I). Nat10na1 Academy Press,
’Washlngton, 1980.

22. Natlonal Acadeny of 501ences—Natlona1 Research Coun011
(NAS/BEIR) . Health Risks of Radon and Other Internallv Deposited
Algha—Emltters. (BEIR IV). National Academy Press, 'Washington,
- 1988. ' : L - '

'23. National Academy of Sciences-Nationai"Research Council
(NAS/BEIR) . Health Effects of Exposure to Low levels of Tonizing
Radiation. (BEIR V). National Academy Press,’ Washington, 1989.

180



24. National Council on Radiation Protectlon and. Measurements
(NCRP). Evaluation of Occupational and Environmental Exposures to

. .Radon and Radon Daughters in the United States. National Council

_on Radiation Protection and Measurements Report No. 78. National
Counc11 on Radlatlon Protection and Measurements, Bethesda, 1984a.

25. National Council on Radiation Protection and.‘Measurements
(NCRP) . Exposures from the Uranium Series with Emphasis on Radon
and Its Daughters. National Council on Radiation Protectlon and
Measureménts Report No. 77. National Council on Radiation
Proteetion and Measurements, Bethesda, 1984b. ' ’

26. _National Council on.iRadlatlon Protection and.IMeasurements
(NCRP). Tonizing Radiation Exposure of the Population of the -
United States. National . Council on Radiation’ Protection and
Measurements = Report No. 93. . Natiomal Council on Radiation
Prptection and Measurements, Bethesda,-1987. :

27. Natlonal Council on. Radlatlon 'Protectlon. and.‘Measurements
(NCRP) . Measurement of Radon and Radon Daughters: in Air. National
Council on Radiation Protection and Measureménts Report No. 97.
National Council ‘on Radiation Protection and Measurements,
Bethesda, 1989. ' : 3

28. Nero, A.V., Schwehr, M. B., Nazaroff, W. W., -and Revzan, K.L.
Distribution of airborne radon-222 concentratlons 1n U.S. homes.
801ence 234: 992—996 1986. ’

29. Nichols, G.P. and Stearns, R.J. In: RadOn, Proceedlngs No.
©10. Proceedings of the Twenty-fourth Annual Meeting of the
National. Council on Radiation Protection and Measurements,_March
30-31, 1988. National Council on Radiation Protectlon and
Measurements, Bethesda, Maryland, 1989, PP- 275- 282.

'30. Prichard, H.M. and Gesell, T.F. An estimate of population
exposures due to radon in public water supplies:in the. area of

Houston, Texas, Health Physics, 1981, 41:599-606.

31. Puskin, J.S. and Nelson, C.B. EPA's petSpective,on risks from
residential radon exposure. JAPCA 39:915-920, 1989.

181



'32. Puskin, J.s. and Yang, Y. A retrospective -look at Rn-induced
lung cancer mortality from the viewpoint of a relative risk model.
Health. Phys. 54:635, 1988. ' ‘

33. adford E.P. and Renard K.G. S Lung cancer ‘in Swedlsh iron
miners exposed to low doses of radon daughters. New Engl. J Med.
310:1485-1494, 1984. '

34. Reilly, M.A. The Pennsylvania radon .program.. ' In: Radon,

Proceedings No. 10.° Proceedlngs ‘of the Twenty-fourth Annual
Meeting of the National Council on Radiation Protectlon and
Measurements, March 30-31, 1988. National Council on Radiation

Protectlon and Measurements, Bethesda, Maryland 1989, pp. 270-274.

35, ,Robkin, M.A. Indoor Radon levels, in. Indoor Radon _and Its
Hazards, Eds:. D. Bodansky, M.A. Robkin, D.R. Stadler, U.  of
Washington Press, Seattle, 1987, Ch .5, PP 50-_—66;.

36. Roessler, C.E. The Florida radon program. In: Radon,
Proceedings No. 10. ~ Proceedings of the Twenty—fourth Annual
Meeting of -the National Council  on Radiation Protection and
Measurements, March 30-31, 1988. Natlonal Councll on Radiation
Protectlon and Measurements, Bethesda, Maryland, 1989 pp 283-—291.

37. Seve, J., Kunz, E., Tomasek, L., Placek, V., and, ‘Horacek, J.
Cancer in man after exposure to Rn daughters. Health Phys. 54 127~
46, 1988. ' :

'38. Thomas, D.C., McNe;Lll K.G., Dougherty, :C.’ Estimates of
‘lifetime lung cancer risk resultlng from Rn progeny exposures.
Health ths. 49:825, 1985.

39. United ‘Nations Sc:Lent:Lf:Lc Comm1ttee on the Effects of Atomic
. Radiation (UNSCEAR) Sources and Effects of Ionlzlnq Radiation.
. Report to the General Assenmnbly, with annexes. Thirty-second
Session. Supplement No. 40. Unlted Natlons New York, 1977.

182



