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Animals can be useful predictors of chemical haz-
ards to humans. Growth and development are com-
pressed into a shorter period in animals, which makes
interpretation of animal testing inherently more dif-
ficult. However, similar events occur in both humans
and laboratory animals and testing that covers the
full period of animal development can reasonably be
considered an appropriate surrogate for human de-
velopment. Some have proposed an additional 10-fold
factor for the extra protection of children when esti-
mating safe exposures. Use of such an additional fac-
tor, as required by the Food Quality Protection Act
(FQPA), is meant to address the same issues covered
by the EPA's database uncertainty factor, UFD, and ad-
ditional issues related to exposure uncertainty. Thus,
when UFD has already been deployed, the EPA modi-
fies its use of the FQPA factor. Based on our analysis,
we agree with the EPA. Drawing conclusions about the
adequacy of UFH' the uncertainty factor used to ac-
count for intrahuman variability, in terms of its abil-
ity to protect children on the basis of the modest data
available is challenging. However, virtually all studies
available suggest that a high percentage of the popula-
tion, including children, is protected by using a 10-fold
uncertainty factor for human variability or by using
a 3.16-fold factor each for toxicokinetic and toxicody-
namic variability. Based on specific comparisons for
newborns, infants, children, adults, and those with se-
vere disease, the population protected is between 60
and 100%, with the studies in larger populations that
include sensitive individuals suggesting that the value
is closer to 1000/0. cD 2002 Elsevier Science (USA)

teristics of chemical hazards. The qualitative nature
of hazards can be characterized through appropriate
toxicity testing using laboratory animals. Understand-
ing age-related quantitative differences in sensitivity is
more challenging.

To a large extent, the body of U.S. laws that seek to
establish practices that will ensure safety-or at least
mitigate risk-from chemical or other contaminant ex-
posures provided the impetus for the development of
methods to identify appropriate quantitative limits on
chemical exposures. Most of the methods used today by
regulatory agencies were developed in reaction to the
calls by these laws to define limits on exposure that will
"protect the public health with an adequate margin of
safety" or lead to "a reasonable certainty of no harm."
That is, in passing the laws, the U.S. Congress called
on the regulatory agencies to develop means to assess
risks from chemicals or other agents so as to define ex-
posure levels that would achieve the stated qualitative
goals of health protection (Rhomberg, 1997).

Limiting exposures to chemical toxicants that achieve
the public health goals set out by Congress often begins
with the identification of "safe" or "virtually safe" doses.
For example, the U.S. Food and Drug Administration
(FDA) uses acceptable daily intakes to limit chemical
exposures through food, the U.S. Occupational Safety
and Health Administration uses permissible exposure
levels to limit chemical exposures in the workplace,
and the U.S. Environmental Protection Agency (EPA)
uses reference doses (RfDs) and reference concentra-
tions (RfCs)l to guide efforts to limit oral and inhalation
exposures to chemicals, respectively.

The process of identliYifig safe doses begins with
the identification of no-observed-adverse-effect levels
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1 Please note that the majority of data that we discuss are for the
oral route of exposure and, therefore, any conclusions that we draw
should probably be restricted to this route. However, we anticipate
that if sufficient inhalation data were available, similar conclusions
might be drawn, especially if the critical effect is not limited to a
portal of entry. We encourage additional analyses of inhalation data
to test this supposition.

One of the goals of chemical regulation is to limit po-
tential risks of chemical toxicity. To do so effectively,
regulators aim to limit chemical exposures. Determin-
ing the extent to which exposures must be limited in
order to minimize risks to children and adults requires
knowledge of the qualitative and quantitative charac-
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TABLE 1
Description of Typical Uncertainty and Modifying Factors in Deriving Reference Doses (RfDs) or Reference

, Concentrations (RfCs)a

Genera! guidelinesbStandard Uncertainty Factors (UPs)

H (interhuman)

A (laboratory animal to human)

S (subchronic to chronic)

, (WAEL to NOAEL:

D (incomplete data base to
complete)

Modifying factor (MF)

Generally use a to-fold factor when extrapolating from valid experimental results from studies
using prolonged exposure to average healthy humans. This factor is intended to account for the
variation in sensitivity among the members of the human population.

For RfDs, generally use a to-fold factor when extrapolating from valid results of long-term
studies on experimental animals when results of studies of human exposure are not available
or are inadequate. For RfC8, this factor is reduced to 3-fold when a NOAEL (HEC) is used as
the basis of the estimate. In either case this factor is intended to account for the uncertainty in
extrapolating animal data to humans.

Generally use a to-fold factor when extrapolating from less than chronic results on experimental
animals or humans. This factor is intended to account for the uncertainty in extrapolating from
less than chronic NOAELs to chronic NOAELs.

Generally use a to-fold factor when deriving an RfD or RfC from a LOAEL, instead of a NOAEL.
This factor is intended to account for the uncertainty in extrapolating from LOAELs to
NOAELs.

Generally use a to-fold factor when extrapolating from valid results in experimental animals
when the data are "incomplete." This factor is intended to account for the inability of any single
study to adequately address all possible adverse outoomes.

Use professional judgment to determine an additional uncertaintY factor termed a modifying
factor (MF) that is greater than zero and less than or equal to 10. The magnitude of the MF
depends upon the professional assessment of scientific uncertainties of the study and database
not explicitly treated above (for example. the number of animals tested). The default value for
the MF is I.

Note. The maximum uncertainty facror used with the minimum confidence database for an RfD is 10,000; for an arc it is 3000.
a Source. Adapted in part from Dourson and Starn (1983), Barnes and Dourson (1988), Jarabek et 01. (1994, 1995), and Dourson (1994).
b Professional judgment is required to determine the appropriate value to use for any given UF. The values listed in this table are nominal

values that are frequently used by the EPA.

tainty factors (UFs) are provided in Table 1. These
factors are reductions in the dose, based on scientific
judgments of available toxicity, toxicodynamic, and tox-
icokinetic data and inherent uncertainty, necessary to
identify an exposure level that is considered unlikely
to produce adverse effects. The six specific categories
shown in Table 1 follow the approach of the EPA. Al-
though not all health organizations apply these factors
as discrete divisors, most experts consider uncertainties
in the following areas:

. extrapolation from shorter term exposures to
longer term or lifetime exposures;

. absence of a NOAEL2;

. absence of adequate studies relevant to character-
izing hazards;. intrahurnan variability;

. interspecies variability.

Several good reviews of this area are available
(e.g., Dourson et ai., 1996; Kalberlah and Schneider,
1998).

(NOAELs) or of doses that elicited a specific rate of re-
sponse (benchmark dose, BMD), usually through lab-
oratory animal testing. Laboratory animals are useful
surrogates for h\1mans, being similar in many respects.
Humans may be more or less sensitive than laboratory
animals. Laboratory animals are normally inbred and
their responses to chemicals tend to be relatively uni-
form and consistent. For the purposes of regulation, hu-
mans are generally assumed to be more sensitive than
the most sensitive species evaluated. Furthermore, per-
missible chemical exposure levels for humans must be
safe for a variety of ethnic and otherwise dissimilar
groups with inherently variable responses to chemical
agents. In addition, laboratory animals are healthy and
receive good nutrition; the same cannot be said for all
people. For these reasons and for other special reasons
described below, regulatory agencies have traditionally
used "safety" or "uncertainty" factors to determine al-
lowable levels for human exposure. Those levels are tYP-
ically lOO-fold or more below the doses that produce no
adverse effect in the most sensitive laboratory animal
studies.

The basic equation to determine a safe dose is
2 NOAEL: The highest exposure level at which there are no statisti-

cally or biologically significant increases in the frequency or severity
of adverse effect between the exposed population and its appropriate
control; some effects may be produced at this level, but they are not
considered adverse, nor precursors to adverse effects (EPA, 2000).

Safe dose = critical effect level/uncertainty factor(s).

Brief descriptions of commonly used safety or uncer-
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