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PREFACE

The Environmental Criteria and Assessmenl Office (ECAO) in Cincinnati
has prepared melhodologies for deriving ambient water quality criteria and
for conducting risk assessments on a specific group of solvents. The
melhodology for deriving ambient water quality criteria focused on chronic
exposure to a single chemical from a single route of exposure. The solvent
methodology expanded this approach to consider the effect(s) of a single
chemical by all relevant routes of exposure (oral, dermal and inhalation)
for all of exposure duration (acute, short-term, subchronic and chronic).
In both methodologies, risk assessments for carcinogens associated an expo-
sure level with a particular incidence of cancer using a non-threshold model
which is linear al 1low doses. For systemic toxicants, the no-observed-
adverse-effect level (NOAEL)/Uncertainly Factor approach was wused to
estimate an acceptable daily intake (ADI).

The current Multichemical Health Risk Assessment melthodology which ECAQ
is attempting to develop is intended to be used in conducting site-specific
risk assessments on hazardous waste disposal facilities. In developing this
methodology, it will be assumed that other offices in Lhe Agency will be
able to make reasonable estimates of daily doses from oral, dermal and
inhalation routes and will be able to adequately charactericze the length of
exposure and population exposed. Ideally, the methodology developed by ECAO
would be used to estimate from the available exposure data the types of
health effects which might be expected, the incidence of these effects, as
well as an eslimate of the relative hazard of each facility. Thus, some of
the major areas for methodologic development include a reasonable approach
for muitiple chemical exposures, a system for combining or weighting adverse
effects, and the selection of a reasonable extrapolation model for toxic
effects.

These and other relevant issues were addressed during a 2-day workshop
on "Approaches to Risk Assessment for Multiple Chemical Exposures" held by
the U.S. Environmental Proteclion Agency in Cincinnati, Ohio on September 29
and 30, 1982. The workshop was attended by 50 scientists from EPA and
private industry. The first day of the workshop focused on the subject of
“Systemic Toxicants". Presentations were made on seven aspecls of this
topic. Each presentation was followed by prepared critiques from other
attendees and Lhen a discussion session. Presentations on the second day of
the workshop addressed the subject of "Health Assessment of Exposures to
Chemical Mixtures".

This document presents the results of this workshop, including presenta-
tions, critiques, discussion and references for each of the 11 subtopics
covered. A summary of the workshop is presented at the end of Lhis docu-
ment, as well as concluding comments submitled by participants some time
after the workshop.

Dr. Jerry F. Stara
ECAO, OHEA, U.S. EPA
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PRESENTATION

DR. MICHAEL DOURSON: TOXICITY-BASED METHODOLOGY, THRESHOLDS AND POSSIBLE
APPROACHES, AND UNCERTAINTY FACTORS

Present Toxicity-Based Methodology
In developing guidelines for deriving acceptable daily intakes {ADIs)
for systemic toxicants, four types of response levels are considered:

NOEL: No-Observed-Effect Level. That exposure level at which there
are no statistically significant increases in frequency or

severity of effects between the exposed population and its
appropriate control.

NOAEL: No-Observed-Adverse-Effect Level. That exposure level at which
there are no statistically significant increases in frequency
or severity of adverse effects between the exposed population
and 1its appropriate control. Effects are produced at this
level, but they are not considered to be adverse (e.g., the

lowest NOAEL can be also termed a LOEL, that is a lowest-
observed-effect level).

LOAEL: Lowest-Observed-Adverse-Efifect Level. The Tlowest exposure
level in a study or group of studies which produces statisti-
cally significant increases in frequency or severity of adverse

effects between the exposed population and 1its appropriate
control.

FEL: Frank-Effect Level. That exposure level which produces unmis-

takable adverse effects, ranging from reversible histopatholog-

fcal damage to irreversible functional impairment or mortality,

at a statistically significant increase in frequency or sever-

ity between an exposed population and its appropriate control.
Adverse effects are defined as any effects which result 1in functional
impairment and/or pathological lesions which may affect the performance of
the whole organism, or which reduce an organism's ability to respond to an
additional challenge. Frank effects are defined as overt or gross adverse

effects (severe convulsions, lethality, etc.).



These concepts are il1lustrated in Figure 1. They have received much
attention because they represent landmarks which help to define the thresh-
old region in specific experiments. Thus, if an experiment yields a NOEL, a
NOAEL, a LOAEL, and a clearly defined FEL 1in relatively closely spaced
doses, the threshold region has been relatively well defined. Such data are
very useful for deriving an ADI. On the other hand, a clearly defined FEL
has 1ittle utility in establishing criteria when it stands alone, because
such a level gives no indication how far removed it is from the threshold
region. Similarly, a free-standing NOEL has 1ittle utility, because there
s no indication of its proximity to the threshold region.

Based on the above dose-response classification system, the following
guidelines for deriving criteria from toxicity data have been adopted:

+ A free-standing FEL is unsuitable for the derivation of an ADI.

« A free-standing NOEL 1is wunsuitable for the derivation of an

ADI. If multiple NOELs are available without additional data,
NOAELs or LOAELs, the highest NOEL should be used to derive a
criterion.

+ A NOAEL or LOAEL can be suitable for ADI derivation. A well-
defined NOAEL from a chronic (at least 90-day) study may be
used directly, applying the appropriate uncertainty factor. In
the case of a LOAEL, an additional uncertainty factor is
applied; the magnitude of the additional uncertainty factor fis
Judgmental and should 1ie in the range of 1 to 10. Caution must
be exercised not to substitute “"Frank-Effect-Levels" for
"Lowest-Observed-Adverse-Effect-Levels."

. If -- for reasonably closely spaced doses -- only a NOEL and a
LOAEL of equal quality are available, then the appropriate
uncertainty factor is applied to the NOEL.

In using this approach, the selection and justification of uncertainty

factors are critical. The basic definition and guidelines for using uncer-
tainty factors have been given by the National Academy of Sciences (NAS,

1977). “Safety factor" or "uncertainty factor" is defined as a number that

-3-
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FIGURE 1

Response levels considered in defining threshold regions in toxicity
experimenls. Doses associaled with these levels are as follows: 3 - NOEL;
4 - LOEL, NOAEL; 5 - NOAEL (Highest); 7 - LOAEL; 10 - FEL; 20 - FEL.



reflects the degree or amount of uncertainty that must be considered when
experimental data in animals are extrapolated to man. Dourson and Stara
(1983) discusses uncertainty factors in more detail.
Thresholds and Suggested Approaches

As part of my presentalion, I would like to reference the following
discussions by Drs. Clarkson, Crump, Harlung, O'Flaherty, Tardif{ and the
ECAO-Cin staff concerning thresholds and suggested approaches. These
comments were made at previous ECAO meetings on risk assessment.

Dr. Thomas Clarkson:

In view of the large differences in toxicity, the nature of the toxic
endpoint and Lthe mode of action of toxicants, it 1is unreasonable to place
all "non-carcinogens" in one category.

Categories should distinguish between reversible and firreversible
action, between compounds that act rapidly on basic cellular process (e.g.,
cyanide) and those that have a delayed complex mode of action (skin sensi-
tizers), and between compounds that have Tong biologic half-lives versus
those that are rapidly eliminated.

Dr. Kenneth Crump:

The advantages and disadvantages of three options for estimalting the
health risk for systemic toxicants are discussed below.

Option 1:

Definition. Determine a NOEL or a NOAEL and apply a safelty factor.

Advantages. This approach has been used for setting allowable exposure
levels for many years. It 1is familiar Llo regulators, toxicologists and
other scientists, and has been applied effectively to control human expo-

sures to many substances.



Disadvantages. The NOEL approach does not fully utilize the siope of
the dose-response curve. A1l other things being equal, a steeper dose-
response should lead to higher safe levels. However the shape of the dose-
response curve is disregarded in Lhe NOEL approach except for deciding
whether or not effects were observed at individual dose levels.

The size of the experiment 1is not fully incorporated into the NOEL
approach. No observed adverse effects in larger numbers of animals repre-
sents greater evidence of safety and should lead to higher permilted expo-
sure levels. However, this is not a part of the NOEL approach. Rather than
rewarding good experimenlation by the proponents of chemicals, it encourages
them to use as few animals as possible, because with fewer animals adverse
effects are less 1ikely to be observed.

The NOEL approach also does not furnish particularly useful information
for cosl-benefit analyses; from a NOEL it is possible to estimate doses for
which no effects are anticipated, but nol the possible magnitudes of effects
from exposures Lo higher doses.

Option 2:

Definition. Fit a mathematical model to dose-response data and, using
statistical confidence 1imits, extrapolate downward to doses appropriately
safe for humans (e.g., doses corresponding to risks of 1075 or less).

Advantages. This approach has been used to a considerable extent in the
past few years, chiefly for carcinogenic risks. It rewards good experimen-
Llation in that larger experiments tend to produce narrower confidence limits
and consequently larger Tlower 1imits for safe doses. It also explicitly
takes into account the shape of Lhe dose-response curve because a mathemati-
cal model is fit to all of the dose-response data. It provides estimates of

risk corresponding to any dose, along with associaled confidence 1imits, and



therefore can be conveniently used in cost-benefil analyses. The method
does not, in principle, rule out thresholds, because a model which incorpo-
rates a threshold could be used for Lhe extrapolation.

Disadvantages. The chief disadvantage of an extrapolation approach is
related to the choice of Lhe model; different models thal fit the observed
data equally well can yield vastly different results when extrapolated Lo
doses corresponding to very small risks. With carcinogenic risks, informa-
tion on Lhe nalure of the carcinogenic process is used to aid in Lhe selec-
tion of a model. There are theoretical reasons to believe Lhat the shape of
Lthe dose-response curve is apt to be approximalely 1linear al Tlow doses
whenever a chemical initiates cancer through a change in the DNA of a single
cell, or whenever background carcinogenesis is present. (This laller condi-
tion does not require carcinogenesis as the toxic response for its applica-
bility.) Some experimental data from mutagenesis experiments also support
the concept of low-dose linearity for genotoxic effects. The use by EPA and
others of low-dose Tinear models for carcinogenic risk assessment reflects
the point of view that the true dose response curve is likely Lo be linear
in the 1low-dose region, and Lhat curve shapes which predict appreciably
higher risks than those predicted by a linear model seem very unlikely; thus
it seems reasonable Lo calculate lower T1imils on safe doses from a model
which is Tinear at Tow doses. The multistage and one-hil model used pre-
viously by EPA are linear at low dose.

For nongenotoxic evenlts, a linear dose-response seems more unlikely than
for genotoxic events. Although a 1linear model sti11 would define upper
bounds to low-dose risks, these upper bounds might overestimate the true
risk by exceedingly large amounts in some instances. There are argumentls

which suggest that thresholds may exist in some cases. Thus the uncertainly



as to Lhe true shape of the dose-response curve for non-genotoxic effects
and Lhe fact that different dose-response curves can give vaslly differentl
results constitute a disadvantage to the extrapolation approach for non-
genotoxic effects.

A second disadvantage to Lhe extrapolalion approach is thal toxicologi-
cal experiments are frequently not designed or reporled in a manner which
facilitates the use of model-fitting approaches. Frequently, Lhe doses are
selected too far apart to adequately describe Lhe dose-response curve.
Sometimes the data necessary for fitting a model are not reported in the
open literature. However, the experimental design and reporting of data
could be improved in future toxicological experiments once a model-fitting
approach was adopted.

Option 3:

Definition. Fit a mathematical model Lo dose-response data and, using
stalistical confidence 1imits, calculate a lower confidence limit on the
dose corresponding to a risk of 0.01; then apply a safely factor to this
dose which reflects the severity of the Loxic effect and the thoroughness of
the toxicological study.

Advantages. This approach 1s fintermediate between the first Lwo
options. It shares some of their advantages while avoiding some of their
disadvantages. Like Option 2, but unlike Option 1, it takes the shape of
the dose-response curve explicitly into accounl. It would reward good
exper imentation in that larger, better-designed experiments should yield
higher lower confidence 1imits and thereby higher allowable human exposures.
However, it would avoid much of the problem associated with Option 2 regard-

ing the choice of the mathematical model for risk assessment. This is



because there will be far less disagreement among various models if extrapo-
lation is only carried out down to a risk of 1072. The size of the safety
factor to be applied could then reflect the severity of the toxic effect,
the thoroughness of the Lloxicological study, and possibly also information
on mechanisms of action.

Disadvantages. This approach would share the disadvanlage of Option 2
with respect Lo inadequate experimental designs and reporting of data.

Dr. Rolf Hartung:

Thresholds

Discussion of whether or not carcinogens or syslemic toxicants elicit no
response at some dose above zero (i.e., a practical threshold) cenlers pri-
marily on what a threshold means biologically. Several scientisis suggest
that when xenobiotics act through a mechanism such as enzyme 1inhibition,
depletion of required substances, or inhibition of transporl mechanisms,
then the production of an effect might be thought to depend on the inter-
actions of: 1) the concentration of the xenobiotic; 2) the reaction with
the receptor; 3) the reserve capacity of the affected system; and 4) the
turnover Lime of the affected enzyme or the capacily of Lhe repair syslem.
A1l of these are mechanistically one slep removed from the hypothesized
mechanism of action for genotoxic carcinogens -- direct one-to-one inter-
acltion with DNA -- and therefore lead Lo a mechanism having a threshold.

Any reasonable heallh risk assessment approach should make use of as
much of the available data as possible, and should also make use of Lhe
theoretical knowledge which has been accumulated in toxicology. This is
exactly what enters into the so-called judgmental evaluations of a toxi-

cologist, and in the following paragraphs I will try to outline some of



these thought processes to make them more amenable to quantitative evalua-

tions. The only responses which will be considered in this discussion are

those that can be measured, recognizing that the visibility of a response is
partially dependent on experimental design.

The biological responses to 1insult from foreign chemicals follow a
series of progressions which can be presented as generalizations as follows:
1. At sufficiently low exposures for full life-times, no effect of any kind

will be found in any tested organism, no matter how sophisticated the

experimental design (this statement avoids theoretical considerations of
the presence or absence of thresholds).

2. At higher concentrations for full 1life-times, subtle effects may be
noted in a small proportion of exposed individuals. Such effects may be
adaptive 1in nature, or may represent responses whose harmfulness 1is
subject to honest debate. These concentrations are still sufficiently
low, so that no experimental design can measure severely adverse effects
in the exposed population. Similar circumstances can be produced by
reducing the duration of exposure to less than 1ife-time and increasing
the concentration to offset the impact of shortened durations of
exposure.

3. As the concentration-duration of exposure parameters increase, a greater
proportion of the population will show the subtle effects noted under
generalization 2, above, and a small proportion of the population will
demonstrate effects which are slightly adverse. The early subtle
effects have under many circumstances been considered to be "critical
effects", meaning that if one protects the population from these early
subtle effects, then no harmful effects wiil occur in the exposed

population.

-10-



4. As the exposure parameters intensify, the incidence and severity of
adverse effects in the population will increase. More and more of the
population will become involved, and the occurrence of non-responders
will decrease significantly as the exposure parameters 1increase. At
some combination of exposure parameters, the entire measurable popula-
tion will respond, some with more severe effects than others. Eventu-
ally even very simple experimental designs will indicate severe adverse
effects in the exposed population in comparison to controls.

Suggested Approach
These known progressions of toxicologic responses form the basis of all

Judgmental evaluations of toxicologic risks. Operationally, this approach

might entail the quantitative evaluation of all suitable animal and human

data in terms of dose-response for a given exposure duration. The statisti-
cal model chosen for this evaluation needs to fit the experimental data with

a minimum of parameters to be fitted, using a set of assumptions which are

compatible with at least a portion of the biologic responses observed. For

ease of computation, I would suggest the logistic model proposed by Berkson

(1944). The question of ease of computation may become important, since I

am proposing that all responses found in animals or humans which can be

evaluated quantitatively should be formulated in terms of the logistic
regression equation describing the response. The results would be a large
set of regression equations for each chemical, describing the relationship
of various exposure scenarios to response rates for a wide range of effects
for each chemical. Knowing the exposure scenarios for various dumps, these

regression equations could then be used to evaluate the 1ikelihood that a

specific exposure could result in a specific effect (subtle or otherwise) in

a hypothetical test organism living on or near the dump site. It 1is likely

-11-



that Lhe incidence of subtle effects would be Lremendously greater than Lhe
incidence of severe effects. When combinations of chemica]s are evaluated,
it may become obvious that a specific mix is Tikely Lo have a combined
effect on one organ syslem, say the liver.

The evaluative scheme outlined above should not be construed as provid-
ing quantitative risk assessments, using the logistic model. Rather the
scheme is intended to be used to uncover which dump site is producing Lhe
higher comparative risk, and what is the 1ikely target organ site and effect
at the exposure scenario which has been postulated as having occurred near
that site. The intent would be to look for those effects in the exposed
human population to uncover what the actual risk of sustaining subtle
effects and untoward effects was. Even in the absence of any measurable
effects the potential for adverse impact of various dump sites could be
compared. Following such an approach has several advantages:

1. Dump sites, or other exposure sources, could be prioritized
according to toxicologic responses found in animals or in
humans, and policy decisions could be made on the basis of
such data.

2. For the worst sites it may be possible to correlate animal
responses with human responses. Although the occurrence of
human effects would clearly represent a past failure of needed
protective mechanisms, the evaluation of such events could
provide opportunities for any adjustment of present regulatory
approaches and allow evaluation of the scientific basis for

risk assessment.

Dr. Ellen 0'Flaherty:

Thresholds

The biological basis for the existence of thresholds for the action of
systemic toxicants 1is simply that one molecule of a systemic toxicant 1is
incapable of causing an adverse or even a measurable effect. On the other

hand, one molecule of a genotoxic carcinogen 1is potentially capable of

causing a Llransformation that will eventually be manifesl as a tumor. This

-12-



distinction 1is absolute. It 1is 1independent of considerations as to the

efficiency of operation of detoxification and other protective mechanisms.

It provides a firm conceptual basis for differentiating between threshold

and non-threshold toxicants.

How, and whether, a threshold may manifest itself in an experimental
study i1s a separate question. It 1leads directly to the concept of the
operational or practical threshold which has been used by the U.S. EPA in
developing the existing gquidelines based on various no-observed-effect
levels. There are several features of the no-observed-effect level that
could be more fully developed here, however.

1. A1l these practical thresholds are dependent on the population size.
The larger the study group size, the lower the highest NOEL is likely to
be. This observation should influence the selection of a NOEL from
among multiple available NOELs. As the guidelines are presently
written, it does not.

2. There is a sequence of response levels, as recognized and discussed by
the U.S. EPA. However, this sequence may vary with the organ or organ
system under consideration. For example, an effect occurring early or
at low exposure in the liver may have 1ittle relationship to development
of an ultimately fatal nephropathy. The distinction between adverse and
non-adverse effects is useful here, but is not sufficient. The critical
effect should be clearly defined and its relationship to adverse and
non-adverse effects discussed. The critical effect could be non-
adverse, in the sense of the U.S. EPA's current definition of "adverse".
For most compounds, there will be insufficient information to allow the

critical effect or critical organ to be identified, and safety evalua-

tion will have to fall back on classification of effects as adverse and

-13-



non-adverse. Nonetheless, the concept of critical effect is important,
particularly since it relates directly to the issues surrounding risk
assessment for lifetime versus partial 1ifetime exposure.

Irreversibility of effect is less important, from the standpoint of
establishing a threshold level, than magnitude or severity of effect.

In spite of the conceptual distinction between threshold and non-thresh-
old toxicants, thresholds observed in experimental studies with non-
carcinogens may not represent "real" thresholds in hypothetical dose-
response curves. At the relatively high doses used in toxicity studies,
a threshold is 1ikely to be observed in the dose range within which at
least one critical protective mechanism is overwhelmed, abruptly alter-

ing the slope of the dose-response curve. In the scheme

1 2 3
D - CB - CRS -k,
where D represents dose, CB concentration 1in the blood, CRS concen-

tration at the receptor sites, and E effect, dose-disproportionate
alterations at steps 1 or 2 could generate a practical threshold

independent of the relationship between C and E, or between C

RS RS
and the fraction of the population exhibiting a specified effect. The
observation that many practical thresholds are probably caused by shifts
in the balance of absorption, distribution, elimination and detoxifica-
tion mechanisms cannot, however, be used to support the thesis that
"real" thresholds are i1lusory.

One useful application here would be the identification of pharma-

cokinetic or other endpoints that could be monitored in humans and that

might signal close approach to a threshold exposure range.
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Suggested Approach

NOELs of various kinds are, and will continue to be, useful, especially
where the mechanism of action and progression of effects are not well under-
stood. The definition of adverse effects given by EPA is basically sound,
and is sufficiently specific to provide guidance while allowing reasonable
scope for scientific judgment. Continued application of uncertainty factors
is Jjustified on the basis that their past use appears to have provided
protection. Table 1 from Dourson and Stara (1983) is a helpful inclusion.

Development of guidelines for estimating dose-associated risk to human
populations on the basis of experimental animal data is not 1likely to be
productive, in my opinion, because:

1. If an adverse effect (or, better, a critical effect) has been fidenti-
fied, it should be sufficient to act to prevent, as nearly as possible,
the occurrence of that effect.

2. Any prediction of human response to systemic toxicants based on animal
data and on our present understanding of dose-response relationships
would be questionable at best. For the action of genotoxic carcinogens
there 1s a model consistent with what 1is now understood about the
mechanism of carcinogen action which, however imperfect it may prove to
be and however 1t may require modification in the future, at least can
be used to construct dose-response curves for human populations. Since
the model does not include a threshold, in practical terms this means
that we have a means of adjusting the slope on a species-by-species
basis (by assuming that the mechanism 3is unchanged and adjusting the
dose on the basis of body weight or surface area). For systemic

toxicants there is no such model. The slope of the dose-response curve

in the region of interest is thought to be determined by the range of
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TABLE 1

Guidelines, Experimental Support and References for the Use of Uncertainty (Safety) Factorsd

Guidelinesb

Experimental Support

References®

1)

2)

3)

4)

Use a 10-fold factor when extrapolating from valid experimental re-
sults from studies on prolonged ingestion by man. This 10-fold
factor protects the sensttive members of the human population esti-
mated from data garnered on average healthy individuals.

Use a 100-fold factor when extrapolating from valid results of long-
term feeding studies on expertimental animals with results of stud-
tes of human ingestion not availlable or scanty (e.g., acute expo-
sure only). This represents an additional 10-fold uncertainty
factor in extrapolating data from the average animal to the average
man.

Use a 1000-fold factor when extrapolating from less than chronic re-
sults on experimental animals with no useful long-term or acute hu-
man data. This represents an additional 10-fold uncertainty fac-
tor in extrapolating from less than chronic to chronic exposures.

Use an additional uncertainty factor of between 1 and 10 depending
on the sensitivity of the adverse effect when deriving an ADI from
a LOAEL. This uncertainty factor drops the LOAEL into the range
of a NODAEL.

Log-probit analysis;
Log-probit analysis;
Composite human sensitivity

Body surface area/dose equivalence;
Toxicity comparison between humans
and rats or dogs

Subchronic/chronic NOAEL comparison;
Subchronic/chronic NOAEL or LOAEL
compar ison

LOAEL/NOAEL comparison

Mantel and Bryan, 1961;
Well, 1972;
Krasovskli, 1976

Rall, 1969;

Evans et al., 1944;
Hayes, 1967;

Lehman and Fitzhugh, 1954

McNamara, 1976;
Wetl and McCollister,
1963

Weil and McCollister,
1963

4These factors are to be applied to the highest valid NOAEL or NOEL which does not have a valid LOAEL equal to or below it, in calculating an
ADI when no indication of carcinogenicity of a chemical exists.

bguidelines are in bold print.

Guidelines 1 and 2 are supported by the FDA and the WHO/FAO deliberations (Lehman and Fitzhugh, 1954; Bigwood,

1973; Vettorazzi, 1976, 1980); Guidelines 1-3 have been established by the NAS (1977) and are used in a similar form by the FDA (Kokoskt,

1976);
CTable adapted from Dourson and Stara (1983).

Guidelines 1-4 are recommended by the U.S. EPA (1980).

See this paper for references.



sensitivities of individual population members; the magnitude of this
range varies with the toxicant. To undertake quantitative risk assess-
ment, it would be necessary to stipulate both a threshold dose and a
dose-response slope for humans. At the present time, lacking actual
human data, we have no means of doing the latter. Data showing how {or
whether) the slopes of dose-response curves in animal and human popula-
tions are relaled when the toxicant is the same could be very useful,
but Lo my knowledge have nolt been tabulated.

Dr. Roberl Tardiff:

The present approach to health risk estimation of systemic Loxicants
relies on four concepts related to response levels (i.e., NOEL, NOAEL, LOAEL
and FEL) and applies uncertainty factors whose magnilude is determined by
the quality of the data. Several additional aspecls to Lhis approach should
be considered. First, there must be a recognition that the dose-response
relationship is a continuum rather than a sequence of separate curves.
Second, the analytical power of the NOEL and NOAEL is quile limited for
three reasons: 1) toxicity studies wutilize relatively few animals and,
therefore, have relatively poor statistical sensitivity; 2) toxicity sludies
utilize genelically homogeneous individuals whose distribution of response
s 1ikely to be much narrower than that of the much more heterogeneous human
population; and 3) none of the posilive dose-response data are Laken into
account. Consequently, the NOEL and NOAEL are quite artificial and can only
be considered operational thresholds of the experiment and are not to be
confused wilh human population thresholids. Third, the entire dose-response
curve for toxicants should be used rather than only a single point. That
can be accomplished by using an approach that fils the data and can even be
extended beyond the data points. For simpiicity, the probit or logit models

(which have been used extensively to structure dose-response relationships
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in biology in general and pharmacology in particular) should be ulilized
unless toxicologic mechanisms prescribe otherwise. Similarly, thresholds of
acceptability or of risk toleralion could be selected on the basis of the
severity of the effects, again unless mechanislic data indicated the bio-
logic threshold region in humans. Provided thal there were some flexibility
in selecting risk levels on the basis of severity of effecl, Lhis dose-

response modeling approach would be far superior Lo the use of uncerlaintly

factors.

ECAO-Cin Staff:

A possible approach to health risk estimation of systemic toxicants is
to use a threshold multistage model to fit a chosen human or animal dala set
and to extrapolate Lhis model to a 1072 (1%) risk. The choice of one
model over another does not really matter, since the majority of mathemati-
cal models give similar results at a lower 95% confidence 1imit (CL) on the
dose associated with a 1072 risk. A lower 95% CL on the maximum 1ikeli-
hood estimate (MLE) of the dose 1is then used for further adjusiments Lo
estimate an ADI. Implicit in this calculation 1is the assumption that

systemic toxicants will elicit no response at some dose above zero. This

may be regarded as a praclical threshold.

The adjustments to the lower 95% CL are outlined and Justified as
follows:

1. Multiplication by (le/Le) x (Le/L) where le is the length of exposure,
Le is the length of observation and L is the assumed 1ifespan of the
mammal. These adjustments attempt to estimate an equivalent lifetime
daily intake when exposure and observation are less than Tifetime.
These adjustments are used in a similar form when estimating an equiva-
lent Tlifetime daily dose for genotoxic carcinogens. The Jjustification

for their use has been previously given (45 FR 79351-79352).
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2. Division by the cube root of the body weight ratio, %/zé,
where 70 represents the assumed average adult weight and w the weight of
the animal, accounts for differences in dose as measured in mg/kg body
weight when dose as measured in unit of body surface area is assumed to
be equivalent among species (Mantel and Schneiderman, 1975). This
adjustment is also used for genotoxic carcinogens and is more fully
described elsewhere (45 FR 79351).

3. Division by one or more uncerlainty factors.* The magnitudes of these
uncer tainty factors can be justified categorically; together Lhey can
vary belween 10 and 1000. These categories of uncertainty are:

« The first area of uncertainty, associaled with a value of 10,
is Jjustified by any lingering uncertainties in adjusting the
response from animal data, both because of Lhe wider variabil-
ity in the human population when compared Lo the experimental
animal, and because of differences in species sensitivity to
adverse effects of a chemical. For example, the lower 95% CL
reflects the sampling error on the MLE and the variabilily
inherent in Lhe experimental population. It does not represent
the sensitive individuals and should not be misconstrued to be
protective. The cube root of the body weight ralio assumes
that dose, relative to body surface area, is equivalent among
animals and humans. Il does not account for any differences in
variability or sensitivity among species to the adverse effects
of the chemical. When human data are used, a dose reduction of
10 would still be advisable because of uncertainties in the
exposure estimate.

« A second area of uncertainty associated with a value of between
1 and 10 accounts for extrapolaling from a projected 1072
risk, which can be considered a LOAEL, to a comparable NOAEL as
per EPA guidelines (45 FR 79353). Although a projected 1072
excess risk derived by mathematical extrapolation 1is suffi-
ciently Tow as to be undetectable in practical experimentation
and, therefore, might be considered as a NOAEL in the classic
sense of the acronym, such an incidence rate of adverse effects
is clearly unacceptable in the human populalion and Lhus must
be considered as an adverse effect level. The dose reduction

*Note: These uncertainty factors were developed solely for use of Lhis

procedure and are not to be confused with the standard uncertainty faclors
used for toxics.
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of between 1 and 10, because of this category of uncertainty,
should thus be thought to extrapolate from this projected
effect level to a level which is below threshold, hence a no-
effect level. Furthermore, the incidence extrapolations are
sensitive to minor changes in the incidence data even at the
1072 risk levels (although the CL is 1less sensitive than the
MLE). A misclassified animal could lead to a higher projected
1072 level and thus a higher ADI.

However, certain data bases could be used to support the
extrapolated estimate such that this category of uncertainty
would be reduced. For example, if more than one good animal
study in more than one species support the range of adverse
effect and lack of effect at Tlower dose 1levels, one could
assume threshold has been reached and reduce the value of 10
for this category of uncertainty accordingly.

« A third area of uncertainty associated with a value of between
1 and 10 reflects the degree of evidence of genotoxicity.
EPA's Reproductive Effects Assessment Group (REAG) has classi-
fied the evidence of genotoxicity for different compounds into
five areas. Below is a scheme that assigns different values of
this uncertainty factor to different degrees of evidence for
genotoxicity. Although the assignment of values 1is arbitrary,
the approach seems reasonable in 1ight of the uncertainties

involved:
Positive 10
Suggestive 1
Inadequate 5
Inconclusive 3
Negative 1

One interesting aspect of this recommended approach is that if an uncer-
tainty factor of 10 is assigned in this latter category because of positive
evidence of genotoxicity, the end result is similar to the present methodol-
ogy for carcinogens at a 1075 risk level. The data of Kociba (1977) can
be used to illustrate this point. During a 2-year hexachlorobutadiene feed-
ing study, Kociba (1977) observed renal tubular adenomas and carcinomas 1in
male rats with significantly higher incidence in animals fed 20 mg/kg/day
than controls. Doses of 2.0 and 0.2 mg/kg/day showed no increase in tumor
incidence. The dose of 2.0 mg/kg/day, however, elicited evidence of kidney
toxicity in both male and female rats, whereas the dose of 0.2 mg/kg/day

showed no evidence of toxicity in either sex.
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The Kociba (1977) study served as a basis for estimating the ambient
water quality criterion for hexachlorobutadiene using the linearized multi-
stage model (45 FR 79351-79353) (i.e., the present method). The pertinent

data are listed below:

Dose Incidence
(mg/kg/day) (No. responding/No. tested)

0.0 1/90

0.2 0/40

2.0 0/40

20.0 9/39

le (length of chemical exposure) = 669 days

Le (length of observation) = 730 days

L (assumed lifespan of animals) = 730 days

w (animal weight) = 0.610 kg

R (bioconcentration factor) = 2.78 2/kg
With these parameters the carcinogenic potency for humans, q]*, was calcu-
lated to be 0.07752 (mg/kg/day) . As a result, the recommended ambient
water concentration was 4.6 wug/% in order to keep the individual 1life-
time risk below 1075,

The recommended procedure uses this data set and calculates a lower 95%

CL of the dose rate associated with a 1072 excess cancer risk+ found

with the threshold multistage model of 0.69 mg/kg/day. An ADI calculated

from this procedure would be:

(669 day) (730 day)
730 day 730 day

> [_10 kg x 335
0.61 kg

~0.027 mg/day

ADI = 0.69 x mg/kg/day x x 10 kg

tExcess cancer risk is used here in lieu of other systemic toxicity for

illustrative purposes only. This procedure 1is not recommended for
carcinogens.
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where 669, 730 and 730 are the le, Le and L values in days as before, 70 and
0.61 are the respective weights for the average man and the rats in this
study, and the 335-fold uncertainty factor represents a 10-fold because of
area 1, a 6.7-fold due to area 2, and a 5-fold based on REAG's classifica-
tion of the genotoxicity evidence as inadequate. This value can be used to

determine a criterion by:

C - 0.027 mg/day
2 %/day + (0.0065 kg/day x 2.78 2/kg)

~0.013 mg/%, or 13 ug/%.
If the evidence for the genotoxicity of hexachlorobutadiene was strong, an
uncertainty factor of 10 instead of 5 in the ADI derivation would put the
result in the range of the recommended ambient water quaiity criterion at a
1075 excess Tifetime cancer risk, i.e. (13 ug/8 x 5) + 10 = 6.5
ug/%, as compared to 4.6 wug/t. If hexachlorobutadiene was consid-
ered not to be genotoxic, an uncertainty factor of 1 instead of 5 in the ADI
derivation would result in an ADI of 0.136 mg/day and an ambient water qual-

ity criterion of 65 ug/%.
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CRITIQUES
DR. THOMAS CLARKSON
Introduction

The purpose of this discussion is to seek ways of improving the tradi-
tional methods for calculating acceptable daily intakes. It is recogniced
that a new scientifically 1impeccable approach 1is beyond our reach at Lhe
present moment. Thus the emphasis is on improvement of the current methods
and, indeed, not changing current procedures unless there are solid reasons.
"Pseudo-NOAELs"

Most of our discussion since the ECAO workshop on "Review of Guidelines
for Ambient Water Quality Criteria for Carcinogens" in Washington, DC in
February, 1982, led to agreement that all the positive data should be used.
Crump has summarized the reasons for this: that is to say that a dose-
response model will be used to calculate a NOAEL associated wilh a risk of
1%. Unfortunately, previous discussions have left the choice of the end-
point somewhat arbitrary -- risk levels of 1%, 4%, or even 10% have been
considered to define this "pseudo-NOAEL." At the last meeting an alterna-
tive approach was suggested -- to use segmented linear regression analysis.
This will determine an "inflection" or "break" point where the effect due to
the agent emerges above the background frequency. The dose associated with
the "break" point is referred to as a "practical threshold" value and is
equivalent to a "pseudo-NOAEL" (Figure 2). A probit or logit analysis that
takes into account a background frequency indicates a risk Tlevel at Lhe
break point of about 4%. The segmented 1inear regression analysis has the

advantage that it does not require an arbitrary choice of risk level.
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FIGURE 2
The frequency of signs and symptoms of methylmercury poisoning versus
the maximum estimated body burden of methylmercury in adults. A. Data

plotted according to "Hockey Stick" method. B. Data plotted according to
logit analysis.

Source: Data taken from Bakir et al., 1973 (Copyright permission granted)
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Statistical models are well developed for segmented linear regression.
The confidence 1imit for the break point value can be calculated.

I disagree with the claim of the ECAO-Cin staff that the “"pseudo-NOAEL"
is a LOAEL. We are dealing with animal data al this poinl, and a 4% risk is
below a measurable value.

Extrapolation to Man

The question arises whether the maximum-l1ikelihood estimate of the
"pseudo-NOAEL" or its 95% lower 1imit be used as the starting point for
extrapolation to man. The latter would have the merit of taking finto
account the quality of the data.

Expression of the dose in units of surface area rather than the tradi-
tional units of body weight does not seem to be well justified. Very liltle
data exist to indicate that surface area conversions reduce interspecies
differences. In fact, for extrapolalions from mice and rals, the use of the
surface area units creates a safety factor of 10 over units based on body
weight. For larger animals, this "surface area" safety factor would be less
and could actually be Tess than unity, even though there is no guarantee
that larger animals are more similar to man than small rodents.

Dourson (1982) has summarized the rationale for the use of safety
factors and has reviewed evidence supporting the magnitude of these safety
factors. For interspecies conversion, i.e., from all animals to man, a
maximum value of 16 would appear to be appropriate. This factor has been
designated 10] by Oourson. In the absence of relevant information, this
factor would normally be used. However, if evidence exists that a certain
species 1s similar to man for a given chemical, expert judgment should be

used in choosing Lhe actual value.
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A maximum value of 10 also seems appropriate for a second safety factor
to cover differences 1in human susceptibility. This has been designated
102 by Dourson. He has summarized evidence from the 1literature concerning
the distribution of LOEL values in human populations to indicate that a
factor of 10 would cover most of the variance in human threshold values.
Again, in the absence of other information, the maximum vaiue of 10 would
normally be used. However, 1if dose-response data or mechanistic data
indicate a narrowed distribution of threshold, the actual value could be

less than 10 based on expert judgment.

The possibility of applying a third safety factor of 10, 10,, has been

g0
discussed by EPA and others. The idea is to take into account the possibil-
ity of other factors and uncertainties not covered by the first two factors,
such as the quality of the data, the duration of the study, and even the
severity of the effect. However, the need for this safety factor might be
avoided in many cases if the lower 95% confidence Timit in the NOAEL is used
as the starting point for extrapolation to man.

DR. HARRY SKALSKY

As Dr. Dourson and Dr. Clarkson have discussed, the quantitation of a
safe dose 1s a difficult task that requires considerable Jjudgment. As
toxicologists, we are constantly aware of a paucity of proven sclentific
facts concerning safety assessment. It is satisfying that Or. Dourson's
paper has demonstrated a biologic basis for our traditional safety factor
approach.

There are two distinct areas of quantitation being discussed: the
statistical fissues surround the shape of a particular dose-response curve,
and the precision involved in extrapolating from animal to man.

There are three basic pieces of information that may be gleaned from a

proper dose-response experiment.
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No-Observable-Effect Level (NOEL)

The NOEL may be practically defined as the point at which the measured
response can no Jlonger be distinguished from the controls. This 1is a
stétistica11y measurable entity that can, as Dr. Dourson has discussed, be
determined.

Margin of Safety

This term may be defined as the magnitude of the range of doses involved
in progressing from a no-effect dose to the maximum effective dose. In
general, the slope of the dose-response curve may be considered an "index"
of the margin of safety. It provides one with a general indication of
NOEL's "resistance" to change if a particular experiment is repeated.
Comparative Toxicity

Compounds may be ranked or compared by their relative activity within a
uniform biological specimen. As you are aware, the traditional LD50
(Litchfield and Wilcoxon, 1949) approach has proven to be very valuable in
distinguishing the relative toxicities of a great variety of compounds.

Obviously, there are a great many mathematical ways to depict dose-
response data. It is always prudent to remember that dose-response data
originates from a cumulative frequency distribution which may be unique.
Observers sometimes allow these mathematical manipulations to extend their
conclusions beyond the scope of biological data. There are many biologic
observations 1intrinsic to the animal bioassay that are not expressed by the
dose-response curve.

The mathematical alternatives (multi-hit/safety factor approach) being
considered by EPA do not appear to offer any clear advantage over the tradi-

tional NOEL approach. Since there are many biologic observations intrinsic

to the animal bioassay that are not expressed by the dose-response curve,
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the EPA alternative factor might obfuscate the professional judgment that
has been an integral part of the NOEL-safety factor process. At present,
there is no theoretical basis for the use of a non-threshold model in calcu-
lating no-effect levels for noncarcinogenic chemicals. Thus, on scientific
grounds, any serious consideration of the mulsti-state alternative is not
warranted. In the practical sense, it would not be prudent to replace the
traditional NOEL-safety factor approach with a "novel" model that offers no
substantial advantages.

If advancements are to be made, we must not dwell on the manipulation of
dose-response data. Instead, we must better address the second area of
quantitation: the extrapolation from animal to man. Success in this quan-
titation can be measured directly by the ability to predict human responses
from animal data. It is in this area that toxicology has obviously lagged
behind the sctence of pharmacology.

As you can see {(Table 2), there are a large number of physiologically
based pharmacokinetic models that have attempted to quantify the inter-
species issue in their prediction of various drug effects. Each of these
models has addressed the animal-to-man issue with various mathematic assump-
tions. The accuracy of some of these models can be illustrated by Figure 3.
The solid lines on this graph represent mathematic predictions of human
serum concentrations of cytosine arabinoside (ARA-C) and 1its metabolite
(ARA-U) based only on animal and in vitro experiments. These predictions
were made prior to the collection of human data. However, as you can see
when the human experiment was performed (graphically depicted by dots and

triangles), the predictions were very good.
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TABLE 2

Physiologically Based Pharmacokinetic Models*

Drug Species Reference
Thiopental dog, human Bischoff, 1968
Methotrexate mouse, rat, man Bischoff, 1970,

Cytarabine (ARA C)

Adriamycin
Cyclocytidine
Digoxine
Ethanol
Mercaptopurine

Lidocaine

Sulfobromophthalein

mouse, monkey, man

rabbit, man
man

rat, man
man

rat, man
monkey, man

rat, man

1971; Dedrick,
1973, 1975, 1978

Dedrick, 1973,
1978; Morrison,
1975

Harris, 1975
Himmelstein, 1977
Harrison, 1977
Dedrick, 1973
Trerlikkis, 1977
Benowitz, 1977

Chen, 1978

*Source: Adapted from Himmelstein and Lutz,

granted)
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FIGURE 3
Predicted human serum concentrations of ARA-C and its metabolite ARA-U
compared with experimental data. (A1l kinetic parameters based on in vitro
work; all anatomic and physiologic parameters based on animal data.)

Source: Dedrick, 1973 (Copyright permission granted)
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The type of data that these models utilized (Table 3) has been available
for some time and it is apparent that we toxicologists have not made full
use of it. Most of the comparative anatomic and physiologic data have been
available since the late 1940s (Adolph, 1949; Guyton, 1947, etc.). The
thermodynamic and transport data have been more recent developments as have
the perfusion techniques (Wiersma and Roth, 1980; Rane et ai., 1977}, which
have provided important information on tissue-specific metabolism.

The physiologically based pharmacokinetic models are constructed by
compartmentalizing the basic biologic data (Figure 4). Then the mathematic
equations are constructed to explain each compartment and their interrela-
tionships. As you can see, some of these models can become quite complex.

The complexity and sophistication of these models appear to be Timited
only by the available data. For example, Roth and Weirsma (1979) have
attempted to predict the comparative clearance of benzo(a)pyrene (Figure 5)
from tissues (1iver and lung) in the basal and the induced metabolic state.
If such complex metabolic relationships can be predicted, the future of
these models looks bright.

In summary, I would 1ike to offer the following three comments: First,
I believe that any ADI established by EPA can result directly or indirectly
in a "regulatory" number. For this reason, a minimum data base for setting
an ADI must be defined. For a noncarcinogenic endpoint, no less than a
well-designed 90-day study should be acceptable. This concept was not
included 1in any of the meeting materials and is not on the agenda for
discussion. I believe, however, that it 1is necessary for EPA to address

this issue and, perhaps this group of scientists can aid in that decision.
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TABLE 3

Types of Data Utilized by Physiologically Based Pharmacokinetic Models

1. Comparative Anatomical Data Between Species:
a. Organ Sizes
b. Tissue Volume
2. Comparative Physiologic Data:
a. Blood Flow, Urine Output, Ventilation Rate, etc.
b. Basal Metabolism
¢. Compound Metabolism
3. Thermodynamic Data:
a. Protein Binding
b. Tissue Storage
4, Transport Data:
a. Membrane Permeability

b. Tissue Perfusion
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Physiological Schema for Pharmacokinetic Modeling
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Second, the traditional NOEL-NOAEL-safety factor approach at setting ADIs fis
clearly the best of the options being presently considered by EPA. Third,
it 1s obvious that the pharmacologists have a headstart on us at being able
to predict drug effects in man based on animal data. However, there is no
reason why these physiologically based pharmacokinetic models would not also
be successful at predicting potential toxic effects of environmental chemi-
cals. The need for these predictive models is clear. Perhaps now is the
time for the Agency to explore these models so that their goals of predic-
tion can be fulfilled in the future.
DR. ARTHUR PALLOTTA

Most of this presentation's emphasis has been on pesticides and drugs.
However, most of the chemicals that the Solid Waste Emergency Response
Office must deal with are industrial chemicals, and the data base for these
chemicals is poor.

Setting minimum data base requirements is an excellent recommendation.
For example, trichloroethylene has been found in 40% of all dump sites, but
different offices used different data to calculate an ADI, resulting in a

dilemma, i.e., which ADI should be chosen.
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DISCUSSION

DR. MYRON MEHLMAN

This terminology (i.e., acceptable daily intake) and some of its under-
lying assumptions should be reassessed and strengthened. No exposure to
foreign or synthetic chemicals is acceptable. It is of no benefit whatso-
ever to the person being exposed. Thus the term should be changed to "no
adverse effect from daily intake."
DR. ROBERT TARDIFF

Development of acceptable daily intakes (ADIs) for substances in waste
dumps is implausible for several reasons. First, ADIs deal with compounds
individually and do not take into account interactive effects (e.g., addi-
tivity and potentiation) from exposures to multiple agents. Second, ADIs
imply virtual safety, when in fact some degree of risk is likely to exist,
and they do not truly account for differential potency of the various sub-
stances. Third, ADIs do not allow for the array of data so that comprehen-
sive decisions can be made, i.e., there could be no organization by quanti-
tative risk estimates such as numbers of substances with specified risk
levels, and no organization by qualitative risk such as the assembly of
compounds toxic to any individual target organ such as the central nervous
system. A more plausible approach for the simultaneous health risk analysis
of a variety of substances is the uniform application of quantitative risk
assessment methodology (similar in concept but not necessarily in detail to
that applied to carcinogens) to obtain risk estimates for individual toxic
endpoints for each substance or mixture. Such uniformity of data should
allow for a more logical selection of critical adverse effects and of risk
levels that have been determined elsewhere to be socially acceptable. By

arraying the data according to target organ risk (or even by mechanisms of
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action if known), there would be at least a hypothetical basis for antici-
pating the additivity of risks and for selecting classes of acceptable risks
for specific waste disposal sites.
MR. WILLIAM GULLEDGE

The presentation by Dr. Harry Skalsky was most illuminating and should
be supported. The safety factor approach, properly implemented, is a
definite improvement over the use of complex risk assessment models.
DR. MAGNUS PISCATOR

The statement by Crump that the slope should be used is basically sound.
However, occasionally a steep slope may depend on additive effects. As an
example: if a nephrotoxic agent also causes hemolysis, a steep dose-
response curve may be obtained for renal effects within a certain dose
interval. If Tower doses are used and no hemolysis occurs, the dose-
response curve for renal effects may not be so steep, leading to a lower
safe level. This also implies that all effects must be taken into account
when looking at the dose-response curve for one effect. This is interaction
of effects, which was not mentioned at the meeting except in my comment.
DR. HARRY SKALSKY

It is important that a minimum data base be established with which to
calculate an ADI. For a noncarcinogenic endpoint, no less than a well-
designed 90-day study should be acceptable. The traditional NOEL (NOAEL)-
safety factor approach at setting ADIs 1is clearly the best of the options
that EPA 1is currently considering. Perhaps the physiologically-based
pharmacokinetic models will provide new ideas with which to 1improve the

process of safety evaluation.
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DR. RICHARD KOCIBA

Conceptually, there is considerable merit in the use of various safety
factors (uncertainty factors) in estimating acceptable daily intakes for
chemicals. While historically this has been most frequently used in dealing
with noncarcinogenic endpoints, newer scientific information now supports
the use of safety factors in dealing with carcinogenic endpoints, especially
endpoints of an epigenetic type.

This would allow one to more fully utilize all the data available in
setting more realistic levels of control. A paper by Park and Snee (1982)
j1lustrates one option that should be considered.

The definitions of NOEL and NOAEL should be revised to give equal weight

to the biological significance in addition to the statistical significance.

It is not always appropriate to categorically assume that man is going
to be 13 times more sensitive than the mouse and 5 times more sensitive than
the rat as based on body surface area ratio. This concept has been based on

alkylating agents, and is not supported by data from other materials. A

paper by Reitz et al. (1978) pertains to this issue. It would be more
appropriate to deal with each material on a case-by-case basis, and use
mg/kg body weight as the basis of interspecies conversion where appropriate.
GENERAL COMMENTS

« The FEL could be predicted for untested chemicals from structure-
activity models.

« The lack of data is the driving force for making the safety factor as
low as possibie.

. There should be a minimum data base requirement before making ADI calcu-
lations. In the absence of these data, a more severe adjustment should
be made.

«  Minimum study quality parameters should be formally set.
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Since data for multiple exposure to chemicals do not exist, as rigid a
standard as possible should be established in view of current technol-
ogy, in the hope that if the standards are difficult or burdensome to
achieve, they will lead to the development of the necessary data.

The degree of exposure should dictate whether minimum data are used.
Physiologic pharmacokinetic models should be explored. Caution should
be used with these models until molecules can be measured at the site of
toxicity.

Kinetic data on key, commonly occurring chemicals can be used to develop
the necessary equations for individual compounds to predict the 1likeli-
hood of unusual reactions due to interactions.

Monitoring data are needed to establish exposure levels.

An uncertainty factor representing the quality of data could be used for
data taken from an uncertain data base.

Significant biologic bases should be evaluated as well as statistical
significance in using the ADI approach. Physical and biologic data
should be used.

Use of surface area adjustment may be a problem, since pathologists will
report severity data and not incidence data.

Surface area adjustment implies that children and infants can tolerate
higher doses than adults.

Risk assessments should be validated and updated when additional infor-
mation is available.

Animal data can't always be considered reliable, e.g., neurobehavioral
aspects can't be determined in animal models.

Regulatory agencies should aim at setting standards that will prevent us
from getting human effects data.

A discussion of risk assessment should deal with predictive methodology,
not protective methodology.

The ADI approach will establish an overly simplistic situation of
whether a dump site is safe or unsafe.
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PRESENTATION
DR. ROLF HARTUNG: INTERSPECIES CONVERSION OF DOSE AND DURATION OF EXPOSURE
Accounting for Species Differences

Simple observation demonstrates that species differ in size, food
habits, metabolic patterns, lifespan, and anatomical features. A1l these
factors may influence the relative sensitivity of various species to chemi-
cals. The toxicity of chemicals to various species may be compared on
several bases.

The most common is in terms of mg/kg of body weight. This assumes that
since the biochemical make-up of various species is very similar, the chemi-
cal should interact on the basis of its concentration within the organism.
However, most laboratory animals tested have been shown to have a higher
metabolic rate than man. Similarly, smaller animals have been shown to have
higher rates of food intake, higher water consumption, higher breathing and
heart rates, higher rates of excretion, and possibly higher rates of drug
metabolism than larger animails.

Since the basic metabolic rate of homeotherms correlates well with body
surface area, the comparison between species might be made on the basis of
mg/m2 of body surface. This is the currently accepted methodology used by
the Agency in establishing water quality criteria. One difficulty in using
this approach is that, for accurate predictive purposes, it may be necessary
to know whether the metabolic processes predominantly detoxify the chemical
or activate it to a toxic metabolite. If one also considers species differ-
ences in metabolic patterns, which may have nothing to do with body size,
then a very complex pattern emerges. In developing criteria, we may need to
pay much more attention than we previously have to the differences or

similarities in the metabolic patterns of different species.
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If one investigates the problem within one species only, e.g., the dif-
ferences in drug sensitivities between children and adults (Wagner, 1971),
then a number of problems become evident. In general, the child is less
sensitive to drugs than the adult on a mg/kg basis, and the best approxi-
mator of the appropriate dose for children 1is:

child's dose = adult dose (body surface area of child/
body surface area of adult).

In this case the appropriate dose for the smaller organism is predicted from
our experience with the Tlarger organism, and this approach is compatible
with the general application of the body surface rule currently used by the
Agency. However, Wagner also makes the observation that the dosing regimens
for newborns cannot be predicted, because of differences in the development
of various enzyme systems.

Other means of comparing effects among species have also been suggested.
Thus Harwood (1963) suggested using mg/kg brain weight, presumably for the
evaluation of chemicals with CNS activity.

Accounting for Differences in Duration of Experiment and Lifespan

In carcinogenic bioassays, it has usually been assumed that the induc-
tion time for cancers over the 1ifetime of a relatively short-lived rodent
is equivalent to the relatively longer induction time over the lifetime of
longer-1ived animals such as humans. Thus the duration of an exposure has
sometimes been represented in terms of the proportion of that exposure
relative to lifespan (t/T). The extent to which that concept is valid may

require investigation.

_45-



Shorter and longer exposures have often been compared on the basis of
Haber's rule (straight time-weighted dose averaging). Haber's rule appears
to be applicable as an approximation when only slight differences in dose or
duration are 1involved. A more complex relationship, reviewed by Filov
(1979), may be more promising.

When one compares relatively acute or subacute phenomena, species
conversions on the basis of 1lifespan may have no applicability whatever.
The time to develop 1iver necrosis or enzyme changes appears to be very
similar in man or in mouse. Thus, we need to better review the available
knowledge, or to generate more basic data to enable us to be more certain

whether and what kind of temporal relations exist.
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CRITIQUES

DR. ROBERT TARDIFF

The previous presentation reviewed data manipulation techniques.
However, none of the techniques presented has been sufficiently validated to
encourage their broad-based application. An additional aspect, not covered
in the narrative, 1s the expression of dose as moles rather than as weight
of a compound. The use of moles would provide a more accurate comparison of
potencies of chemicals, for it describes the number of molecules required to
induce adverse effects in an organism. Since differential potency 1is of
considerable importance in predicting the health risks from these mixtures,
such an approach is far more desirable for chemical waste dump evaluations.
With regard to adjustment for duration of exposure for noncarcinogens, the
differences in potency between subchronic and chronic exposures are gener-
ally negligible -- if Weil's data (Weil and McCollister, 1963; Weil et al.,
1968) are to be believed. One exception would be for substances that take
Tonger than 90 days of exposure to reach equilibrium (e.g., methyl mercury);
then subchronic data would not be predictive of chronic effects. This would
argue strongly for the use of metabolic data to determine whether to adjust
for duration and, if so, by what magnitude. By contrast, for initiating
carcinogens the influence of duration of exposure on expression of disease
must almost of necessity be obtained empirically because the primary lesion
is 1ikely to be acute. For substances that are unequivocally only promot-
ers, less than lifetime exposure would be expected to have a threshold-
curvilinear effect on cancer manifestation (i.e., 10% lifetime exposure is

l1ikely to have less than 10% risk of cancer assuming a standard dose rate).
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DR. ELLEN O'FLAHERTY
Interspecies Conversion of Dose

The method of expressing dose on the basis of body surface area has been
widely accepted for two reasons: the good correlation of basal metabolic
rate with body surface area, and the work of Pinkel et al. (1958) and
Freireich et al. (1966) showing that, for chemically different antineo-
plastic agents, the maximum tolerated dose in several different species was
about the same when expressed on a body surface area basis, but varied
widely when expressed on a body weight basis. However, with regard to this
particular class of drugs, Dixon (1976) has shown, using data from Feireich
et al. (1966) and Schein et al. (1970), that the ratios between maximum
tolerated doses of more than 30 antineoplastic agents in different species
were reasonably constant from drug to drug, regardless of whether they were
expressed on the basis of body weight or body surface area.

Wagner (1971) carried out a comparable evaluation of a number of drugs
that apparently were not anticancer agents, using blood level parameters
rather than toxicity data to assess comparability of exposure. Unfortunate-
ly, he did not identify the drugs that were included in his evaluation.
However, he concluded that:

Because of the high correlation between calculated body
surface area and body weight, and the high correlation between
blood level parameters (such as area under the curve or peak blood
level) and dose by weight, it would be extremely difficult, if not
impossible, with any given drug to prove that a blood Tevel
parameter correlates significantly better with dose per unit body
surface area or dose per unit body weight. The data indicated that
the choice between mg/kg or mg/m2 correlation would be equivocal
with any given drug.

It appears probable that this issue is one that is not resolvable on a

scientific basis, no matter what the quality of the data base.
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Duration of Exposure

It is interesting to note that the maximum tolerated doses used by Dixon
(1976) 1in his interspecies comparisons were calculated by time-weighted
averaging. Certainly this is the simplest method by which dose may be
adjusted for duration of exposure. There is also a simple variant of time-
weighted averaging that takes into account the possibility that an apparent
threshold dose exists and/or that there is a minimum time to occurrence of
the earliest observable effect.

Straight time-weighted averaging is illustrated 1in Figures 6 and 7,
where X can be either dose rate or time and Y is the other (i.e., the
expression is symmetrical with respect to dose rate and time). In an arith-
metic coordinate system this expression plots as a family of hyperbolas
whose shape depends only on the value of C; that 1is, on the total dose.
Plotting in a log-log coordinate system (see Figure 7) produces parallel
straight 1ines whose slope is -1.

If threshold dose and minimum time to effect are incorporated into the
expression for total dose (as A and B in Figure 8), the family of hyperbolas
is simply shifted with respect to the axes of an arithmetic coordinate
system. However, i1t no longer plots as straight lines in a log-log coordi-
nate system (Figure 9), although the slope is sti11 -1 at the midpoint. The
Tog-Tog plot is the one recommended by Filov et al. (1979), possibly on the
basis that it produces straight 1ines that can be extrapolated to facilitate
interconversions between dose rates. Filov et al. state, "Comparison of
concentration-time relationships for various substances has shown the slopes
to be different for different substances." As Figure 9 shows, while plots
of segments of these lines might appear to be linear in a log-Tog coordinate

system, the slopes of these segments will be determined by how closely the
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