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Reference dose of the United States Environmental

Protection Agency'?
by Michael L Dourson, PhD?3

Empirical data demonstrate that. as the administered
dose of a chemical increases, the toxic responses gen-
erally increase. These increases occur in both the se-
verity of the response (eg. with new and more se-
vere effects being observed) and the intensity of the
response (ie, magnification of an effect of given se-
verity), and the percentage of the population affected
increases as well. Such dose-response relationships
are well founded in the theory and practice of toxi-
cology and pharmacology.

Dose-response assessment follows hazard identi-
fication in the risk assessment process as defined by
the United States National Academy of Sciences
(NAS) (1). Dose-response assessment involves the
quantitative evaluation of toxicity data to determine
the likely incidence of the associated effects on hu-
mans. The information available for dose-response
assessment ranges from well-conducted and control-
led studies of human exposure and epidemiologic
studies with large numbers of subjects, well-charac-
terized exposures and supportive studies on several
animal species to a lack of human and animal toxic-
ity data with only structure-activity relationships to
guide the evaluation. In any case, scientists should
consider all pertinent studies in this process — even
a single human case study can provide useful infor-
mation. However, only data of sufficient quality, as
judged by experts such as the EPA Reference Dose
Reference Concentration Work Group, should be
used in the dose-response assessment of a chemical.

With at least a moderate amount of toxicity data,
one goal has been to determine a level of daily ex-
posure that is likely to be without an appreciable risk
of deleterious effects during a lifetime. The World
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Health Organization and many other health agencies
have used the concept of acceptable daily intake
(ADY)) in this regard. The Environmental Protection
Agency (EPA) in the United States has also used the
ADI in many of its evaluations. However. the EPA
has also rethought this approach and developed new,
clarifying terminology in congruence with that of the
NAS risk assessment-risk management paradigm,
which calls for a clear demarcation between scien-
tific and nonscientific factors in regulatory decisions
(1). The olider ADI approach included both scientific
and nonscientific considerations. By contrast, the oral
reference dose (RfD) and the inhalation reference
concentration (RfC) approaches of the EPA strive to
include only scientific considerations. The history
and rationale for the change in terminology and prac-
tice from ADI to RfD is described in detail in docu-
mentation supposting the Integrated Risk Information
System (IRIS) of the EPA (2, 3}. Descriptions of the
development of the RfC concept are also available
4, 5).

EPA (2) defines the RfD as an estimate (with un-
certainty spanning perhaps an order of magnitude)
of a daily exposure to the human population (in-
cluding sensitive subgroups) that is likely to be with-
out an appreciable risk of deleterious effects during
a lifetime. The RfD is determined by use of the fol-
lowing equation: RfD = NOAEL or LOAEL/(UF x
MF) where:

NOAEL = an exposure level at which no statistical-
ly or biologically significant increases occur in the
frequency or severity of adverse effects between the
exposed population and its appropriate reference
group. Some effects may be produced at this level,
but they are not considered 10 be adverse, nor to be
precursors to specific adverse effects. (In an exper-
iment with several NOAEL values, the regulatory
focus is primarily on the highest NOAEL observed.
This practice leads to the common usage of the term
NOAEL to mean the highest exposure without ad-
verse effect.)

LOAEL = the lowest exposure level at which statis-
tically and biologically significant increases occur in
the frequency or severity of adverse effects between
the exposed population and its appropriate reference
group.
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UF = one of several, generally 10-fold, default fac-
tors used in operationally deriving the RfD from ex-
perimental data. (Under special circumstances a tac-
tor of less than 10 can be employed.)

MF = an uncentainty factor greater than zero and less
than or equal to 10, the default value for the MF
being 1.

The oral RfD and inhalation RfC are useful refer-
ence points for gauging the potential effects of other
doses. Doses at the RfD (or less) or concentrations
at the RfC (or less) are not likely to be associated
with any health risks, and they are, therefore, as-
sumed likely to be protective and of little regulatory
concern. In contrast, as the level and frequency of
exposures exceeding the RfD or RfC increase, the
probability of adverse effects being observed in a
human population also increases. However, the con-
clusion that all doses below the RfD or RfC are ac-
ceptable and that all doses in excess of the RfD or
RfC are unacceptable cannot be categorically stated.
Moreover, the precision of the RfD or RfC depends
in part on the overall magnitude of the composite
uncertainty and modifying factors used in its caicu-
lation. The precision at best is probably one signifi-
cant figure and more generally an order of magni-
tude, base 10. As the magnitude of this composite
factor increases, the estimate becomes even less pre-
cise.

Appendix

Determining an RfD or RfC requires scientific
judgment as to the appropriate NOAEL of the criti-
cal effect and the appropriate uncertainty and modi-
fying factors based on database limitations. (See the
full report for the logic behind judgments on the se-
lection of toxicity data, confidence in the RfD, the
selection of uncertainty factors, the selection of mod-
ifying factors, and assumptions and limitations.)
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Common definitions used in noncancer risk assessment

Below are some common definitions used in noncan-
cer risk assessment. These definitions are for illus.
tration only. Other terms are used by different organ
izations and countries.

Acceptable dailv intake (ADI) — estimate of the dai-
ly exposure dose that is likely to be without delete-
rious effect even if continued exposure to a toxicant
occurs over a lifetime.

Acute exposure — one-dose or multiple-dose expo-
sure occurring within a short time (<24 h).

Adaptive effect — effect that enhances the perform-
ance of an organism as a whole or its ability to with-
stand a challenge (ie. homeostatic mechanism). An
increase in hepatic smooth endoplasmic reticulum is
an example of an adaptive effect if hepatic metabo-
lism reduces the toxicity of the chemical.

Adverse effect — biochemical change, functional
impairment, or pathological lesion that impairs per-
formance and reduces the ability of the organism to
respond to additional challenge.

Chronic exposure — multiple or continuous expo-
sure occurring over an extended period or over a sig-
nificant fraction of the lifetime of the animal or in-
dividual.

Compensatory effect — effect that maintains -over-
all function without enhancement or significant cost.
Increased respiration due to metabolic acidosis is an
example of a compensatory effect.

Critical effect — first adverse effect, or its known
precursor, that occurs as the dose rate increases. A
critical effect can vary among toxicity studies of dif-
ferent durations. it can be influenced by the toxicity



in other organs. and it can differ depending on the
availability of data on the shape of the dose-response
curve.

Frank-effect level (FEL) — exposure level which
produces unmistakable adverse effects, such as re-
versible or irreversibie functional impairment or
mortality, at a statistically or biologically significant
increase in frequency or severity between an exposed
population and its appropriate reference.

Health hazards (adapted in part from Klaasen CD,
Amdur MO, Doull J. Casarett and Doull’s toxicolo-
gy: the basic science of poisons. 3rd ed. New York,
NY: MacMillan Publishing Company, 1986):

|. Acute toxicity — another term used to describe
immediate toxicity. Its use is associated with toxic
effects that are severe (eg. mortality) in contrast to
the term “‘subacute toxicity,” which is associated with
toxic effects that are less severe. The term “acute tox-
icity” is often confused with that of acute exposure.

2. Allergic reaction — adverse reaction resulting
from previous sensitization to the chemical or to a
structurally similar one.

3. Chronic toxiciry — effects that persist over a long
period whether or not they occur immediately or are
delayed. The term “chronic toxicity” is often con-
fused with that of chronic exposure and is often used
to describe delayed toxicity.

4. Idiosyncratic reaction — a genetically determined
abnormal reactivity to a chemical.

5. Immediate versus delayed toxicity — immediate
effects occur or develop rapidly after a single admin-
istration of a substance. while delayed effects occur
after the lapse of some time. These effects have also
been referred to as acute and chronic, respectively.

6. Reversible versus irreversible toxicity — Revers-
ible toxic effects can be repaired, usually by the abil-
ity of a specific tissue to regenerate or mend itself
after chemical exposure, while irreversible toxic ef-
fects cannot be repaired.

7. Local versus systemic toxicity — local effects oc-
cur at the site of entry (eg, lungs, stomach) of a tox-
icant into the body; systemic effects are elicited af-
ter absorption and distribution of the toxicant from
its entry point to a distant site.

Lowest-observed adverse-effect level (LOAEL) —
lowest exposure level at which statistically or bio-
logically significant increases occur in the frequen-
cy or severity of adverse effects between the exposed
population and its appropriate reference.

Modifying factor (MF) — uncertainty factor that is
greater than zero and less than or equal to 10; the
magnitude of the modifying factor depends upon the
professional assessment of scientific uncertainties of
the study and data base not explicitly treated with
the standard uncentainty factors (eg, the number of
animals tested); the defauit value for the modifying
factor is 1.

No-observed adverse-effect level (NOAEL) — expo-
sure level at which no statistically or biologically sig-
nificant increases occur in the frequency or severity
of adverse effects between the exposed population
and its appropriate reference; some effects can be
produced at this level, but they are not considered
to be adverse, nor to be precursors to specific ad-
verse effects. In an experiment with several NOAEL
values, the regulatory focus is primarily on the
NOAEL seen at the highest dose. This practice leads
to the common usage of the term NOAEL to mean
the highest exposure without adverse effect.

No-observed effect level (NOEL) — exposure level
at which no statistically or biologically significant
increases occur in the frequency or severity of any
effect between the exposed population and its appro-
priate reference.

Reference concentration (RfC) — estimate (with un-
certainty spanning perhaps an order of magnitude)
of a continuous inhalation exposure to the human
population (including sensitive subgroups) that is
likely to be without appreciable risk of deleterious
effects during a lifetime.

Reference dose (RfD) — estimate (with uncertainty
spanning perhaps an order of magnitude) of a daily
exposure to the human population (including sensi-
tive subgroups) that is likely to be without appreci-
able risk of deleterious effects during a lifetime.

Subchronic exposure — multiple or continuous ex.
posure occurring usually over three months.

Uncertainty factor (UF) — one of several, general-
ly 10-fold, factors used in operationally deriving the
reference dose from experimental data. Uncertainty
factors are intended to account for (i) variation in
sensitivity among the members of the human popu-
lation, (ii) uncertainty in extrapolating animal data
to the case of humans, (iii) uncertainty in extrapo-
lating from data obtained in a study that is of less-
than-lifetime exposure, (iv) uncertainty in using data
on the lowest-observed adverse-effect level rather
than data on the no-observed adverse-effect level, and
(v) the inability of any single study to address all
possible adverse outcomes in humans adequately.
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