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adverse effects on human health.
Therefore, there is a need for consistent
guidance on how to evaluate data on
neurotoxic substances and assess to
what degree, if any, they have the
potential to cause transient or
persistent, direct or indirect effects on
human health.

To help address these needs, these
Guidelines develop principles and
concepts in several areas. First, these
Guidelines outline the scientific basis
for evaluating effects due to exposure to
neurotoxicants and discuss principles
and methods for evaluating data from
human and animal studies on behavior,
neurochemistry, neurophysiology, and
neuropathology. This guidance
document also discusses adverse effects
on neurological development and
function in infants and children
following prenatal and perinatal
exposure to chemical agents. Other
sections of these Guidelines outline the
method for calculating reference doses
or reference concentrations when
neurotoxicity is the critical effect,
discuss the availability of alternative
mathematical approaches to dose-
response analyses, characterize the
health-related data base for
neurotoxicity risk assessment, and
discuss integration of exposure
information with the results of the dose-
response assessment to characterize
risks of exposures of concern. These
Guidelines do not advocate developing
reference doses specific for
neurotoxicity, but rather the use of
neurotoxicity as one possible end point
to develop reference doses.

EPA offices have published guidelines
for neurotoxicity testing in animals
(U.S. EPA, 1986, 1987, 1988a, 1991a).
The testing guidelines address the
development of new data for use in risk
assessment. These proposed
neurotoxicity risk assessment
Guidelines provide the Agency’s first
comprehensive guidance on the use and
interpretation of neurotoxicity data.
These proposed Guidelines are part of
the Agency’s risk assessment guidelines
development process, which was
initiated in 1984. As part of its
neurotoxicity guidelines development
program, the EPA has sponsored or
participated in several conferences on
relevant issues (Tilson, 1990); these and
other sources (see references) provide
the scientific basis for these proposed
risk assessment Guidelines. This
guidance is intended for use by Agency
risk assessors and is separate and
distinct from the recently published
document on principles of neurotoxicity
risk assessment (U.S. EPA, 1993). The
document on principles was prepared
under the auspices of the Subcommittee

on Risk Assessment of the Federal
Coordinating Council for Science,
Engineering, and Technology and was
not intended to provide specific
directives for how neurotoxicity risk
assessment should be performed.

It is expected that, like other EPA risk
assessment guidelines (U.S. EPA,
1991b), this document will encourage
research and analysis leading to new
risk assessment methods and data,
which in turn would be used to revise
and improve the Guidelines and better
guide Agency risk assessors.

D. Assumptions
There are a number of unknowns in

the extrapolation of data from animal
studies to humans. Therefore, a number
of default assumptions are made that are
generally applied in the absence of data
on the relevance of effects to potential
human risk. Default assumptions should
not be applied indiscriminantly. First,
all available mechanistic and
pharmacokinetic data should be
considered. If these data indicate that an
alternative assumption is appropriate or
obviate the need for applying an
assumption, such information should be
used in the risk assessment of that
agent. The following default
assumptions form the basis of the
approaches taken in these Guidelines.

It is assumed that an agent that
produces detectable adverse neurotoxic
effects in experimental animal studies
will pose a potential hazard to humans.
This assumption is based on the
comparisons of data for known human
neurotoxicants (Anger, 1990; Kimmel et
al., 1990; Spencer and Schaumburg,
1980), which indicate that experimental
animal data are frequently predictive of
a neurotoxic effect in humans.

It is assumed that behavioral,
neurophysiological, neurochemical, and
neuroanatomical manifestations are of
concern. In the past, the tendency has
been to consider only neuropathological
changes as end points of concern. Based
on the data on agents that are known
human neurotoxicants (Anger, 1990;
Kimmel et al., 1990; Spencer and
Schaumberg, 1980), there is usually at
least one experimental species that
mimics the types of effects seen in
humans, but in other species tested, the
type of neurotoxic effect may be
different or absent. Thus, a biologically
significant increase in any of the
manifestations is considered indicative
of an agent’s potential for disrupting the
structure or function of the human
nervous system.

It is assumed that the types of
neurotoxic effects seen in animal
studies may not always be the same as
those produced in humans. Therefore, it

may be difficult to determine which will
be the most appropriate species in terms
of predicting the specific types of effects
seen in humans. The fact that every
species may not react in the same way
is probably due to species-specific
differences in maturation of the nervous
system, differences in timing of
exposure, metabolism, or mechanisms
of action.

It is assumed that the most
appropriate species will be used when
data are available to estimate human
risk. In the absence of such data, the
most sensitive species is used, based on
the fact that for the majority of known
human neurotoxicants, humans are as
sensitive or more so than the most
sensitive animal species tested.

In general, a threshold is assumed for
the dose-response curve for most
neurotoxicants. This is based on the
known capacity of the nervous system
to compensate for or to repair a certain
amount of damage at the cellular, tissue,
or organ level. In addition, because of
the multiplicity of cells in the nervous
system, multiple insults at the
molecular or cellular level may be
required to produce an effect on the
whole organism.

These assumptions are ‘‘plausibly
conservative’’ (NRC, 1994) in that they
are protective of public health and are
also well-founded in scientific
knowledge about the effects of concern.

II. Definitions and Critical Concepts

This section defines the key terms and
concepts that the EPA will use in the
identification and evaluation of
neurotoxicity. The various health effects
that fall within the broad classification
of neurotoxicity are described and
examples are provided.

Adverse effects include alterations
from baseline that diminish an
organism’s ability to survive, reproduce,
or adapt to the environment.
Neurotoxicity is an adverse change in
the structure or function of the central
and/or peripheral nervous system
following exposure to a chemical,
physical, or biological agent (Tilson,
1990). Neurotoxic effects include
changes in somatic/autonomic, sensory,
motor, and/or cognitive function.
Structural effects are defined as
neuroanatomical changes occurring at
any level of nervous system
organization; functional changes are
defined as neurochemical,
neurophysiological, or behavioral
alterations. Changes in function can also
result from toxicity to other specific
organ systems, and these indirect
changes may be considered adverse but
not necessarily neurotoxic.


