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agency: Environmental Protection
‘Agency (EPA).

action: Proposed Guidelines for
Mutagenicity Risk Assessment and
Request for Comments.

summary: The U.S. Environmental
Protection Agency is proposing
Guidelines for Mutagenicity Risk
Assessment (Guidelines). These
Guidelines are proposed for use within
the policy and procedural framework
provided by the various statutes that
EPA administers to guide Agency
analysis of mutagenicity data. We solicit
public comment and will take public
comment into account in revising these
Guidelines. These Guidelines will be
reviewed by the Science Advisory Board
in meetings now tentatively scheduled
for April 1985.

These proposed Guidelines were
developed as part of a broad guidelines
development program under the
auspices of the Office of Health and
Environmental Assessment (OHEA),
located in the Agency's Office of
Research and Development. Consonant
with the role of OHEA's Reproductive
Effects Assessment Group (REAG) as
the Agency's senior health committee
for mutagenicity assessment, the
Guidelines were developed by an
Agency-wide working group chaired by
the REAG.

dates: Comments must be postmarked
by January 22.1985.

addresses: Comments may be mailed
or delivered to: Dr. David Jacobson-
Kram. Reproductive Effects Assessment
Group (RD-689). Office of Health and
Environmental Assessment. U.S.
Environmental Protection Agency, 401 M
Street SW.. Washington. DC 20460.

FOR FURTHER INFORMATION CONTACT:
Dr. David Jacobson-Kram. Telephone:
202-382-7336.

SUPPLEMENTARY INFORMATION: Public
comments received as a result of the
proposed guidelines for Mutagenicity
Risk Assessment, which was published
in the Federal Register [45(221):74984-
74988) on November 13.1980. have been
addressed. The guidelines published
here reflect the suggestions that were
provided during that initial comment
period. A new draft of these Guidelines,
taking into account the earlier public
comments, was recently sent for review
to approximately 14 scientists in the
field of chemical mutagenesis within

government, universities in the United
States, and the private sector.
Comments received from these reviews,
generally favorable, were also taken
into account in developing the
Guidelines proposed here.

References and supporting documents
used in the preparation of these
Guidelines as well as comments
received are available for inspection
and copying at the Public Information
Reference Unit (202-382-5926). EPA
Headquarters Library. 401 M Street. SW,
Washington. DC. between the hours of
8:00 a.m. and 4:30 p.m.

Dated: November 9. 1984,
William D. Ruckelshaus,
Administrator.

Contents

I. Introduction
Il Comments Received From the Federal
Register Publication of the Proposed 1980
Guidelines and Agency Responses to
These Comments
A Comments on the Introduction
B Colr(lcepts Relating to Heritable Genetic
Ris|
C. Testing Systems
D. Weight-of-Evidence Approach
E Quantitative Assessement of Results
lll. Proposed Guidelines
A Introduction
1 Concepts Relating to Heritable
Mutagenic Risk
2 Test Systems
B Qualitative Assessment (Hazard
Identification)
1 Mutagenic Activity
2 Chemical Interactions in the
Mammalian Gonad
3 Weight-of-Evidence Determination
C. Quantitative Assessment
1 Dose-Response
2. Exposure Assessment
3. Risk Characterization
IV. References

I. Introduction

On November 13.1980, the U.S.
Environmental Protection Agency (EPA)
published purposed guidelines for
Mutagenicity Risk Assessment (2) and
solicited comments on those guidelines.
The proposed guidelines of 1980
described the procedures that the
Agency would follow to evaluate the
genetic risks associated with the
exposure of humans to chemical
mutagens. These procedures
incorporated a weight-of-evidence
approach that considered the quality
and adequacy of all the available data
on a chemical substance in order to
make qualitative, and. where possible,
quantitative evaluations of mutagenic
potential. The Agency stated that
mutagenicity risk assessments prepared
pursuant to the proposed guidelines
would be utilized within the
requirements and constraints of the
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applicable statutes that the Agency
administers to arrive at regulatory
decisions concerning mutagenicity.

The current proposed Guidelines
address the comments received in
response to the Agency's proposed
mutagenicity risk assessment guidelines
and provide the basis for the Agency's
risk assessments for mutagenicity.
These Guidelines, which adopt the
general approach set forth in the 1980
proposal, reflect additional changes
made in response to the comments and
to new scientific information generated
since the time of the proposal.

The current proposed Guidelines
reflect changes made in response to the
public comments to the proposed
guidelines of 1980. These changes dealt
primarily with the section addressing
the weight-of-evidence approach. This
section has been expanded to define
“sufficient.” "suggestive." and "limited"
evidence for potential human germ-cell
mutagenicity and to include two
categories of evidence, "sufficient” and
"suggestive" for chemical interaction
with the gonads. Also, in the
quantitative assessment section, the
dominant skeletal and dominant
cataract tests have been added to the
list of systems for possible use in
estimating the magnitude of genetic
risks. Other minor changes have been
made in the text for clarification.

A draft of the current proposed
Guidelines was submitted for review to
individuals from industry, educational
institutions, enivommentai groups, and
other government agencies. These
reviews were useful in revising the
Guidelines.

The Agency has not attempted to
provide in the current proposed
Guidelines a detailed discussion of the
mechanisms of mutagenicity or of the
various test systems that are currently
in use to detect mutagenic potential.
Background information on mutagenicity
and mutagenic test systems is available
in "Identifying and Estimating the
Genetic Impact of Chemical
Environmental Mutagens.” National
Academy of Sciences (NAS) Committee
on Chemical Environmental Mutagens
(2). as well as in other recent
publications!.?. 4).

For the information of the reviewer,
Chapter Il discusses the comments that
were received in response to the
proposed guidelines of 1980 and the
Agency's responses to those comments.
The current proposed Guidelines for
Mutagenicity Risk Assessment, for
which comments are currently invited,
are described in Chapter Ill. The Agency
anticipates that, as methods for
mutagenicity risk assessment are
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refined, and more information becomes
available in the area of mutagenicity,
revisions to these Getdetiats may be
desirable or necessary ~ -

Il. Comments Received”~om the Federal
Register Publication o£Out.Proposed

1960 Guidelines and Agency Responses
to These Comments

As stated in the Introduction, the
current Guidelines are being proposed to
encourage further public comment. For
the information of the reviewer, a
summary of the public comments
received in response to the proposed
guidelines of 1960 and the Agency
responses to those comments are
presented here.

A total of 34 comments were received.
17 from manufacturers of regulated
products, eight from associations, four
from individuals, three from educational
institutions, and one each from a private
consulting laboratory and a government
agency. Many responses noted that the
proposed guidelines of 1980 were timely
and appropriate and praised the Agency
for initiating procedures for scientific
evaluation of mutagenicity data. Other
commenters felt that the proposed
guidelines were "premature." Various
reasons were given for this position: (1)
The mechanisms by which mutations
occur are not understood: (2) the data
bases for many mutagenicity tests are
limited, and hence the tests have not
been validated: (3) the Agency should
wait until the EPA Gene-Tcrx Program is
completed: and (4) epidemiologic studies
have failed to document chemically-
induced mutations in humans.

It is the opinion of the Agency that
there is a need for mutagenicity
guidelines because various statutes
administered by the Agency provide the
authority to regulate chemicals on the
basis of mutagenicity. The purpose of
the current proposed Guidelines is to
promote Agency-wide consistency in the
evaluation of mutagenicity data. In
response to the specific concerns
enumerated above relating to the issue
of prematurity, the Agency has
concluded that the comment! do not
the development of mutsgenldty
guidelines. Specifically, wlift regard to
the first comment thafthe mechanisms
by which mutations occur are not
understood, the Agency doee not believe
that a full understanding of all aspects
of these mechanisms is necessary to
evaluate the mutagenic potential of
chemicals in the environment.
Additionally, the comment ignores the
extensive body of data on specific
chemical DNA adducts, repair
processes, and mutational expression
that enable description of the mutational

process in specific physiochemical terms

2).

[ )With regard to the second comment,
the Agency agrees that the data bases
for many mutagenicity tests are limited:
however, the Agency does not agree that
the validity of a test is a function of the
size of the data base. Validity is the
extent to which a test measures the
particular biological end point of
interest and should not be confused with
sensitivity, the proportion of known
mutagens that are positive in a system,
or specificity, the proportion of
nonmutagens that are negative. Hence, a
mutagenesis assay is validated when its
ability to detect a heritable genetic
change is demonstrated.

In response to the third comment, the
Agency does not believe it is necessary
to wait for completion of the Gene-Tox
Program before issuing guidelines for
evaluating mutagenicity data. The
Agency acknowledges that future
scientific developments can be expected
to affect the methods for the evaluation
of mutagenicity data. Such
developments may stem from phase 0 of
the Gene-Tox Program (which focuses
on test applications) as well as from
other collaborative activities in basic
and applied research. However, the
Agency believes that the current
Guidelines, as written, can
accommodate new information.

With respect to the fourth comment,
the Agency does not agree that the
failure to identify a chemical as a
known human mutagen is justification
for not proposing guidelines to evaluate
mutagenicity data. Despite the difficulty
in translating changes in mutation rate
to alterations in disease frequency, the
NAS Committee on Chemical
Environmental Mutagens has concluded
that the net effect of an increase in
mutation rate is harmful because almost
all mutants with any detectable effect
are deleterious (2).

A. Comments on the Introduction

Many commenters on the proposed
guidelines of 1980 were critical of the
statement. "'Since the prospect of curing
most heritable diseases caused by
mutagens in the near future is unlikely,
minimizing exposure to mutagens is
among the best available means to
protect against further deterioration of
the human gene pool.” At the present
time there is no direct evidence in
humans that heritable diseases are
being caused by chemical mutagens, and
there is no evidence of deterioration of
the gene pool. This sentence has been
deleted.

Several commenters objected to the
statement, “Mutations are largely
recognized as being deleterious,” and
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pointed out that many mutations are
silent or have no effect. In the current
proposed Guidelines, this sentence has
been changed to read. "It is generally
recognized that most mutations that are
phenotypically expressed are in some
ways deleterious to the organism
carrying them."

One commenter requested an
explanation of how mutagenicity
guidelines would be administered and
requested a statement indicating
requirements for genetic toxicology
testing in premarket manufacturing
notices. The Agency believes that the
language in the current proposed
Guidelines clearly states that they will
be used to assess risks associated with
human exposure to chemical mutagens.
Requirements for genetic toxicology
testing are the responsibility of the
appropriate Agency office.

B. Concepts Relating to Heritable
Genetic Risk

One commenter objected to the
definition of a mutagen because it was
not limited to stable and heritable
alternations in ths DNA. The Agency
agrees that the ultimate end point of
concern for the purpose of the current
proposed Guidelines is heritable and
stable mutation. For gene mutations,
heritability is an obvious and necessary
component, since all tests used to detect
gene mutations actually detect mutant
cells or organisms that are descendants
of the treated cells. The same is net
always true for certain cytogenetic epd
points, such as chromatid breaks, etc.
which may be detected in the same tad
generation in which they occur. Since
these latter end points provide
information relevant to heritable
mutation, they will be considered in any
mutagenicity assessment. As a result
the Agency feels that ##» general
definition of a mutagen as used in these
Guidelines is appropriate.

C. Testing Systems

One commenter felt that most
cytogenetic end points that are routinely
evaluated (e.g., chromosome breaks,
micronuclei) are not transmitted, and
therefore, are not germane to the issue
of heritable mutation. The Agency
disagrees. Although it is clear that cells
that cany such aberrations generally do
not reproduce, other related aberrations
(i.e.. balanced translocations,
inversions, small duplications, and
deficiencies) are compatible with cell
survival in germ cells and can be
transmitted. Additionally, there is no
evidence indicating that the non-'
transmissible aberrations occur by
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mechanisms different from transmissible

aberrations.

Several commenlers requested that
the Agency eslablish minimal criteria by
which assays are to be judged for use in
risk assessment determinations. The
Agency believes that to list a specific set
of criteria that must be met for each
assay before the Agency evaluates data
would be overly restrictive and
inappropriate. Data generated in any
system that measures or correlates with
a true genetic end point may provide
some useful information. The Agency
believes that the general protocols and
criteria for data evaluation established
by the expert committees of the Phase-1
Gene-Tox Program as well as other
sources provide sulficient guidance for
those planning to conduct mutagenicity
tests.

D. Weight-of-Evidence Approach

Several commentes suggested that the
weight-of-evidence section required
clarification of the phrase, “positive
response in any two different point
mutation test systems,” because this
phrase may be subject to various
interpretations. The Agency agrees that
the section as proposed may have been
subject to misinterpretation. Therefore,
the current proposed Guidelines define
sufficient evidence of potentizl human
mutagenicity to include positive
responses in any two different gene
mutation test systems (one of which
utilized mammalian cells) or positive

_responses in two different somatic
"cytogenetic tests (one of which utilizes

mammalian cells), coupled with
sufficient evidence of germ-cell
interaction in both caes. Alternatively,
the combination of a positive finding in
one mammalian gene mutation assay
and one mammalian cytogenetics test
and sufficient evidence of germ-cell
interaction also provides sufficient
evidence of potential human
mutagenicity. The demostration of
heritable effects induced in mammalian
germ cells is by itself sufficient evidence
for mutagenicity.

Many commenters objected to the
criterion that considers a chemical
mutagen a potential human germ-cell
mutagen if there is “evidence for the
presence of the test substance and/or its
matabolites in mammalian gonadal
orgens.” First, they pointed out that the
presence of a chemical in the testis or
ovary does not necessarily mean it has
reacted with germ-cell DNA. Such
studies are generally performed with
radiolabeled chemicals, and it is
possible that metabolism of the
compound could result in incorporation.
of the radiolabel into normal cellular
macromolecules. The Agency recoghizes

the shortcomings in the various criteria
used to determine whether a mutagen
interacts with germ-cell DNA. As a
result, in the current Guidelines, two
categories of such evidence have been
adopted. Sufficient evidence that a
mutagen interacts in the mammalian
gonad will be the demonstration that an
agent interacts with germ-cell DNA or
other chromatin constituents, or that it
induces such end points as unscheduled
DNA synthesis, sister chromatid
exchange (SCE), or chromosomal
aberrations in germinal cells. Suggestive
evidence will include advese gonadal
effects following acute, subchronic, or
chronic toxicity testing or adverse
reproductive effects, such as decreased
fertilization index, reduced sperm count,
or abnormal sperm morphology.

One commenter suggested that the
Agency develop a scale of weighting
tests which would place more emphasis
on test systems more relevant to human
beings. The Agency has explored the
possibility of developing such a scale
and has concluded that the assignment
of fixed values for each test system
could be overly simplistic and might not
allow for the consideration of such
variables as dose range, route of
exposure, and magnitude of respone.
The Agency believes that the scheme in
the current proposed Guidelines, which
generally gives greater weight to
mammalian rather than submammalian
assays and to germ cell rather than
somatic cell data, is currently the most
appropriate way to evaluate the
information from a variety of systems.

E. Quantitative Assessment of Results

Several commenters expressed the
opinion that it {s nat possible to
quantitatively express the risk of genetic
disease from exposure to a chemical.
and therefore no attempt should be
made to do so. The Agercy does not
suggest that it is necessarily possibie to
generate & numerical estimate of the
genelic risk that will result from
exposure to any particular chemical. It
is well-recognized and documented that
the mutational component of certain
categories of human genetic disease i3
not known. However, mutagenicity data
have been used to generate semi-
quantitative estimates of the impact of
ionizing radiation on genetic disease(3.
6). The cuwrrent proposed Guidelines
state the Agency’s commitment to utilize
existing relevant mutagenicity data to
give some estimate of potential human
mutagenicity. All such estimates will
include a careful delineation of the
agsumptions and uncertainties
associated with the assessment,

Many commenters objected to the use
of “linear or nonthreshold models” for

low-dose extrapolation on point
mulation rates. The Agency
acknowledges that linearity and the
presence or absence of a threshold are
separate issues. The Agency will sirive
to use the most appropriate
extrapolation model fér risk anatysis
and will be guided by the available data
in this selection. However, it is
anticipated that for whole-animal germ-
cell assays, few dose points will be
available to define a dose-tespanse
function. [n these situations there is a
theoretical basis for a linear,
nonthreshold extrapolation provided
that no major germ-cell killing {and thus
passible cell selection) has occurred(2,
7).

One coramenter suggested that for
quantitative risk it is more appropriate
to rely on tests for structural
chromosomal aberrations than on gene
mutations, particularly since many
diseases can be more readily associated
with an identifiable chromosome
abnormality. The Agency agrees that
associations between diseases and
specific chromosomal changes can be
estimated. This concept is well
documented and has been discussed at
length in the NAS report{2). However,
similar estimates can be made for gene
mutations, and such techniques have
been used for some time for effects of
tonizing radiation{5, 8). Because the
spectrum of mutational effects induced
by different chemicals is known to be
variable, the Agency believes that it is
necessary to perform estimates on all
end points.

One commenter objected to the
omission of the dominant skeletal and
cataract mutation systems for
quantitative risk assessment. The
Agency recognizes that these dominant
mutation systems do have relevance in
the preparation of quantitative risk
assessment along with specific-locus
test systems. The current proposed
Guidelines have been modified to
include both types of tests.

[11. Proposed Guidelines
A. Introduction

This section describes the procedures
that the U.S. Environmental Protection
Agency will follow in evaluating the
potential genetic risk associated with
human exposure to existing industrial
chemicals and to pesticides. The central
purpose of the health risk assessment is
to provide a judgment concerning the
weight of evidence that an agent is a
potential human mutagen with respect
to transmitted genetic changes, and, if
so, how great an impact it is likely to
have on public health. Regulatory
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decision making involves two
components: Risk assessment and risk
management. Risk assessment eslimates
the potential adverse heaith
consequences of exposure to toxic
chemicals: risk management combines
the risk assessment with the directives
of the enabling regulatory legislation—
together with socioeconomic. technical,
political, and other considerations—to
reach a decision as to whether or how
much to control future exposure to the
chemnicals. The issue of risk
management will not be deslt with in
these Guidelines.

Risk agsessment is comprised of the
following components: Hazard
identification, dose-response
13sessment, expnsure assessment, and
visk characterizatinn(d). Hazard
identification is the qualitative risk
assessment, dealirg with the inherent
toxicily of a chemicat substance. The
qualitative mutagenictty 2ssessment
answers the question of how likely an
agent is to be a human mutagen. The
ihree remaining components comprise
Juantitative risk assessment, which
provides a numerica! estimate of the
public health consequences of exposure
to an agent. The quantiative
mutagenicity risk assessment deals with
the question of how much mutational
damage is likely to be produced by
exposure to a given agent under
particular exposure scenarios.

In a dose-response assessment, the
ceiationship between the dose of a
chemical and the probability of
induction of an adverse effect is defined.
The component generally entails an
extrapolation from the high goses
administered 10 experimenta! animals or
noted in some epidemiologic studies to
the low expesure levels expected from
numan contact with the chemical in the
anvironmeant.

The exposurs ussessment identifies
popuiitions exposed to toxic chemicais,
descrives their composition and size,
and presents the types, magnitudes,
fraquancies. and durations of nxposure
to the chemcials. This component is
devaloped independently of the other
components of the mutagenicity
asscssment'and is addressed in separate
Azency guidelines(9).

In risk characterization. the outputs of
the exposure agsessment and the dose-
response assessment are comoined to
estima‘te quantitatively the mutation
risk, which is expressed as either
esimated increase of generic disease per
generation or per lifetime, or the
fractional increase in the assumed
background mutation rate of humanas. in
each step of the assessment, the
strengths and weaknesses of the major
assumptions need to be presented, and

the nalure and magnitude of
uncertainties need to be characierized.

The procedures set forth in these
Guidelines will ensure consistency in
the Agency's scientific risk assessments
for mutagenci eifects. The necessity for
a congistent approach to the evaulation
of mutagenic risk from chemical
substances arises from the authority
conferred upon the Agency by a number
of statutes to regulate potential
mutagens. As appropriate, these
Guidelines will apply to statates
administered by the Agency. including
the Federal Insecticide. Fungicide. and
Rodentivide Act: the Toxic Substances
Control Act; the Clean Air Act; the
Federal Water Pollution Control Act; the
Safe Drinking Water Act; the Resource
Conservation and Recovery Act: and the
Comprehensive Environmental
Response, Compensation, and Liability
Act. Because erach stetuta i,
administered by separate uffices, a
consistent Agency-wide approach for
perforining cisk assessments is
dnsirabie.

The mutagenc;ty risk assessments
prepared pursuant to these Guidelines
will be utilized within the requirements
and constraints of the applicable
statutes to arrive at regulatory decisions
concerning mutagenicity. The standards
of the applicable statutes and
regulations may dictate that additional
considerations (e.g.. the economic and
sociai benefits associated with use of
the chemical substance) will come into
play in reaching appropriate regulatory
decisions.

The Agency is concerned with the risk
associated with both germ-cell
mutations and somatic cell mutations.
Mutations carriad in germ cells are
inheritaed by future generations and may
contribute to genetic disease. whereas
mutations occurring in somatic cells
may be implicated in the etiolcgy of
severa! disease states, including cancer.
These Guidelines. however, are only
concerned with genetic damage as it
relates to germ-cell mutations. The us»
of mutagenicity test results in the
assessment oi carcinogenic risk is
described in the proposed Guidelines for
Carcinegen Risk Assessment{10).

As a result of the progress in the
control of infectious diseases, increases
in average human life span, and better
procedures for identifying genelic
disorders. a considerable heritable
genetic disease burden has been
recognized in the human population. It is
estimated that at least 10% of all human
disease is related to specific genetic
states, such as abnormal composition,
arrangement, or dosage of genes and
chromosomes(2. 6, 11). Such genetic
diseases can lead to structural or

functional health impairments. These
conditions may be expressed /n utero: at
the time of birth; or during infancy.
childhood, adolescence, or adult life;
they may be chronic or acute in nature.
As a result. they often have a severé
impact upon the affected individuals-
and their families in terms of physicai
and mental suffering and economic
losses, and upon society in general,
which often becomes responsible for
institutional care of severely affected
individuals. Some examples of genetic .
conditions are Down's and Klinefelter’s
syndromes, cystic fibrosis, hemophilia,
sickle cell anemia, and achondroplastic
dwarfism. Other commonly recognizea
conditions that are likely to have a
genetic component include
hypercholesterolemia, hypertension.
pyloric stenosis, glaucoma, allergies.
several types of cancer. and mental
retardation. These disorders are only a
few of the thousands that are at least
pariially genetically determined(12).

Estimation of the fraction of human
genetic disease that results from new
mutation is difficult, although in certain
specific cases insights are available(13).
It i clear that recurring mutation is
important in determining the incidence
of certain genetic conditions, such as.
some chromosomal aberration
syndromes (e.g.. Down's} and rare
dominant and X-linked recessive
diseases (e.g.. achondroplasia and
hemophilia A). For other single-factor
conditions {a.g.. sickle-cell anemia and
color blindness) and certain
multifactorial conditions (e.g.. pyloric
stenosis), the contribution of new
mutations to disease frequency is
probably very small. However, it is
generally recognized that most
mutations that are phenotypically
expressed are in soma ways deleterious
1a the organism receiving them. Adverse
efiects may be manifested at the
biochemical, cellular, or physiological
levels of organization. Although
mutations ars the building blncks for
further evolutionary change of species, it
is believed that increases in the
mutation rate above the spontaneous
level could lead to an accumulation of
deleterious mutations in the human
population and, to a varying extent. an
increased frequency of expressed
genetic disease.

Life in our techrological society
results in exposure to many naturail and
synthetic chemicals. Some have been
shown tu have mutagenic activity in
mammalian and submammalian test
systems, and thus may have the
potential to increase genetic damage in
the human population. Chemicals
exhibiting mutagenic activity in various
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test systems have been found
distributed among foods. lobacco. drugs.
food additives. cosmetics, indaxtrial
compounds, pesticides, and consumer
products. As our knowledge of genetics
and disease etiology increages, and
techniques for detecting mutations in
human beings improve, we may become
aware of chemically-induced human
genetic effects. The extent to which
exposure to natural and synthetic
environmentai agents may have
increased the amount of genetic damage
in the present human population and
contributed to the mutational “load”
that will be transmitted to future
generations is unknown at this time.
However, for the reasons cited above, it
seems prudent to limit exposures to
potential human mutagens.

1. Concepts Relating to Heritable
Mutagenic Risk

For the purposes of these Guidelines.
a mutagen is considered a chemical
substance or mixture of substances that
can induce alterations in the DNA of
either somatic or germinal cells. The
mutagenicity of physical agents (e.g..
radiations) is not addressed here. There
are several mutagenic end pointa of
concern to the Agency. These include
point mutations (ie., submicroscapic
changes in the base sequence of DNA)
and structural or numerical chromosome
aberrationg. Structural aberrations
include deficiencies, duplications,
inversions. and translocations, whereas
numerical aberrations are gains or
losses of whole chromosames (e.g..
trisomy, monosomy) or sets of
chromosomes (hapioidy. polyploidy).

It is conceivable that anly one ora
few molecules of an active compound
may be sufficient to cause certain types
of heritable changes in DNA. Mutagenic
effects may also come absul through
mechanisms other than chemical
alterations of DNA. Among these are
interference with normal DNA
synthesis, or induction of DNA
misrepair, DNA methylation, abagrmal
nuclear division processes, or lesions in
non-DNA targets (e.g., pratamine,
tubalin).

The best evidence that an agent
induces heritable mutations in human
beings would be epidemiologic data
indicating a strong association between
chemical exposure and a heritable
response. Such data do not exist at this
\ime because any specific mutationis a
rare event, and only a small fraction of
the estimated thousands of human genes
and conditions are currently useful as
markers in estimating mutation rates.
Human genetic variability, small
numbers of offspring per individual, and
long generation times further

complicates such studies. In addition.
only dominant mutations. some sex-
linked recessive mutations, and certain
chremosome aberrations can be
detected in the first generation after
their occurrence. Conditions caused by
autosomal recessive mutations (which
appear to occur mcre frequently than
docminants} or by interaction of multiple
factors may go unrecognized for many
generations. Therefore, in the absence of
tuman germ-cell data. it is appropriate
to rely on data fr>m experimantai
animal systems.

Despite species differencas in
metabolism, DNA repair. and other
physiolegical processes affecting
chemical mutagenesis, the virtual
vniversality of DNA as the ganetic
material and of the genetic code
provides a rationale fer using various
nonhuman test systems to predict the
intrinsic mutagenicity of test chemicals.
Additional support for the use of
nonhumar systems is provided by the
pbservation that chemicals causing
genelic effects in one species or test
system frequently cause similar effects
in other species or systems. There also
exists evidence that chemicals can
induce genetic damage in somatic cells
of exposed humans. For example, high
doses of mutagenic chemotherapeutic
agents have been shown to cause
chromosomal abnormalities(24), sister
chrematid exchange(74). and. quite
probably. psint mutations in buman
lymphocytes exposed in vive(15). While
these results are not in germ cells. they
do indicate that it is possible to induce
mulagenic events in human cells /n vivo.
Furthermore, a wide variety of different
ypes of mutations have been observed
in humans including numerical
chromosome aberrations. translocatians.
base-pair substitutions, and frameshift
mutations. Although the cause of these
mutations is uncertain. it is clear from
thege observations that the human germ-
cell DNA is subject to the same types of
mutational events that are observed in
other species and !est systems.

Certain test systems offer notable
advantages: Cost; anatomical.
histological. and/or metabolic
similazities to humans; suitability for
handling large numbers of test

organisms; a large data base: and a

basis for characterizing genetic
events{10).

2. Test Systems

Many test systems are cusrently
available that can contribute
information about the mutagenic
potenlial of a test compound with
respect to various genetic ¢nd points.
These tests have recently been
evaluated through the EPA Gene-Tox

Programs and the results of Phase 1 have

_been published({). The Agency’s Office

of Pesticides and Toxic Substances has
putlished varicus testing guidelires for
the detection of mutagenic effects( 8.
.

Test systems for Getecting point
muzalions include those in bacteria.
eckaryolic microorganisms. higher
plants. insects. mammalian somatic celis
in culture, and germinal cells of intact
mammals {=.g.. the mouse specific-locus
test). Positive resulls in a2 mouse
germinal gene-mutation test argu=
strongly that a chemical is a roteniial
human mutagen because such tests
demonsircte that the mutations occur in
mammalian germinal cells and are
transmitted to the next generaton.
However. because large nuinbers of
offspring must usually be generated, it is
not expecled that many chemicals wili
be tested using these systems. Ta nhtzin
data on a large number of
environmental chemicals, it will be
necessary to rely on other tests to
identify and characterize hazards from
gene mutations.

Test systems for detecting struc:ural
chromosome aberrations have been
developed in a vaiety of organisms
including higher plants. insects. fish.
birds, and several mammalian species.
Many of these assays can be performed
in vitro or in vive, and in either germ or
somatic cells. Procedures available for
detecting structural chromosome
aberrations in mammalian germ celis
include measurement of heritable
translocations or dominant lethality. as
well as direct cytogenetic analyses of
germ cells and early embryos in rodents.

Seme chemicals may cause numerical
chromoscme changes (i.e.. aneuploidy)
as their sole mutagenic effect. These
agents may nat be detected as mutagens
if evaluated only in tests for DNA
damage. gene mutations. or chromosome
breakage and rearrangement. Therefore.
it is important to consider tests for
changes in chromosome number in the
tota! assessment of mutagenic hazards,
Although tests for the detection of
variation in the chromosome number are
still at an early stage of developmant,
systems exist in such diverse organisms
as fungi. Dresophila. mammalian cells in
culture, and intact mammals {e.g.. mouse
X-chromoscme loss assay).
Nondisjunction and chromosome lagging
are recognized sources of numerical
aberrations. Aneuploidy can also arise
from chromosome breakage and reunion
followed by segregation(25). The
mechanmisms by which nondisjunction
occurs are not well understood..
However, proteins (e.g.. spindle
apparatus), rather than DNA, may he
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the target molecuies far at least some
mechanisms of induced nondisjuncticn.

Other end points that provide
information bearing on the mutagenicity
of a chemical can be detected by a
variety of test systems. Such tests
measure DNA damage in aukar; sticor
prakaryotic cells. unscheduled DNA
synthasis in mammalien somatic and
germ celils, mitstic recomhbination and
2fne canversion in yeast, and sistar-
chromatid exchange in mammalian
soraits and germ cells. Resuits in thes2
as34,3 ire useiul because the mrduction
of *aese end points cfien correlaies
cositit ey with the porential of a
chemici o induce mutatiois.

In geeral. for 1: three end poinis (ie.
point mwutations and numerical arnd
strutural aberrations] the Agency will
place greater weight on tests conductad
in germ cells than in somatic <=2ils. on
tests parformed iz vive rather than :n
vitro. in eukaryotes rather than
prokaryotes, and in marmnalian species
rather than in submamuralian species.
Formal numerical weighting systems
have been developed(3): however. the
Agency has concluded that these do not
readily accommodaie such variables as
dose range. route of exposure, and
magnitude of response.

The Agency anticipates that from time
to time data from chemically-exposed
human beings will be available (e.g..
cytogenetic markers in peripheral
lymphocytes). When posssible, the
Agency will use such data in
conjunction with other studies for the
purpase of performing risk assessments.

The test systems mentioned
previously are not the only ones that
will provide evidence of mutagenicity or
related DNA effacts. These systems are
enumerated merely to demonsirate the
breadth of the available techniques for
characterizing mul2zenic hazards. and
to indicate the types of data that the
Agency will consider ir its evaluation of
mutagenic potential of a chemical agent.
Most systems possess certain
limitations that must be taken into
account. The selection and performance
of appropriate tests for evaluating the
risks associated with human expesure to
any suspected mutagen wili depend on
sound scientific judsment and

‘experience. and may necessitate

ccnsuitation with ganatizists familiar
with the sensitivity and 2xperimental
dasign of the test system i question. In
vicw of the rapid advances in test
methodology. the Agency expects that
both the aumbar and quality of the too!s
for assessing genetic risk to human
beings, will increase with tima, The
Agancy will closely monitor
developmeants in mutagericity
evaluation and will refine iis risk

assessment scheme as better test
systems become available.

B. Qualitative Assassment (Hazard
{destification)  +

The assessment of potential hiiman
germ-cell mutagenic risk is a multistep
process, The first stzp is an analvsis af
the cvidence baaring on a chemiral's
ahinty by induca muiagenic events.
whita the 5az0n step iavel. 25 on
analyeis of its 1hU'ity 1o produce these
By s the mammalian gopad. All
volevan! laformation is than inteyrated
inro 4 woight-of-avidence schane which
piasan's the strength of the inlormation
hearing on the chemicai’s patential
abiilty *o produce mutatisns (i ayman
garm cells. For chemicals demonstrating
this potential wne may decide to
pruceed with 12 evaluation of the
gantitative consequences of muistion
follawing expectad human exposure.

For hazard identification, 1t is clearly
desi-able to have data from mammalian
germ-ceil tests, such as the mouse
specific-locus t2st for point mutations
and the heritable translocation or germ-
cell cytogenetic tests for structural
chromosome aberrations. It is
recognized, however, that in most
instances such data will not be
available, and alternative means of
evaluation wili be required. In such
cases the Agency will evaluate the
evidence bearing on the agent's
mutagenic activity and the agent’s
ability to reach and interact with or
affect the mammalian gonadal target.
When evidence exists that an agent
possesses both these attributes, it is
reasonable to deduce that the agentis a
potential human germ-cel! mutagen.

1. Mutagenic Activity

In evaluating chemicals far mutagenic
activity, a number of factors will be
considered: (1) Genetic end points (e.2..
gene mutations. structural or numerical
chromosomal aberrations) detected by
the test systems. (2) sensitivity and
predictive value of the test systems for
various classes of chemical compounds,
{3) number of Zifferent test systems used
for datecting 2ach genetic end point. {4)
consistency of the results obtained in
dizferent test systems and diffarent
species. (3] aspeats of the duse-fesponss
celationship. and {6) whether tha tests
are cornducted ir accordanca wirth
apsropriate test grotecois agreed upon
hy experts in tha fiald.

The atray of nintagazivity tests
4v tdable will H2 reviened within the
following qualizauve parsped tiva:
greater weight will oe atrr.buted 10 tests
conducled in germ cells than in somatic
cells. to studies in mammalian cells than
in submammalian cells, and to studies in

eukarvotic cells than in prokaryotic
cells.

2. Chamizal Interactions in the
SMammaiian C;.‘Jnad o

Endence_,:’ér caemical in*=ractizn o
the mammaiian 2urad spaas a rangz of
differant types of fincires. E:
chemical under consideratiza
Le exiensively reviewed s'noe
of evidence may Ue part of 1aetin
excizsive of mutdgenicity per e’
eapreduction. metabelism. and
mechanisiic investigations,. Aithouwag o
is ant pessibie o classify ciearly 2ach
type of information that may be
avatlable on a chamical. two possibie
groups ave illustratad.

Sufficient wvidence of chemical
interaction is given by the
demonstration that an agent interacts
with germ-ceil DNA cr other carpmatiin
constituents, or that it induces such enad
points as unscheduled DNA synthesis.
sister-chromatid exchange, ar
chromosomal aberrations in germinal
cells. Positive resuits in a mammalian
germ-cell mutation study also
demonstrate the action of the chemucal
in the gonadal target cells.

b. Suggestive evidence will include -
the finding of adverse gonadal effects
following acute. subchronic. or chronic
toxicity testing, or findings of adverse
reproductive effects. which are
conaistent with interaction with germ
cells,

3. Weight-of-Evidence Determination

The evidence for a chemical's ability
to produce mutations and to interact
with the germinal target are integrated
into a4 weizht-of-evidence judgment that
the agent may pose a hazard as a
potential human germ-cell mutagen. All
information bearing on the subject.
whaether indicative of potentiai concern
or not, must be evaluated. Whatever
evidence may exist from humans must
also be factored into the assessment.

Information available will vary
greatly from chemical to chemical
because there are many mutagenicity
test systems. and there has been no
systematic atternpt to develop
information nn all chemicals of concern.
The responses noted for diiferent tests
may also vary {rom chemical to
chemical since often ore da2s 1. find
consistent positive ot negative resuits
across all tests. Chenilcais mav sieow
pcsidive afiects {ur some end points .n
some test systems, but negative
tesponses in others. Cach review must
take into account the limitations in the
testing and in the tvpes of respenses
that may exist.
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To provide guidance as to the
categorization of the weight of evidence.
a classification scheme is presented to
illustrate, in a simplified sense, the
strength of the information bearing on
the patential for human geem-cell
mutagenicity (Table 1). It is not possible
to illustrate all potential combinations of
evidence, and considerable judgment
must be exercised in reaching
conclusions. The factors illustrated in
Table 1 and discugsed previously in
sections 1. 2. and 3 must all be
considered in making an assessment of
mutagenicity. In addition: certain
responses in tests that do not measure
well-defined mutagenic end poinlts (e.g..
SCE induction in mammalian germ cells}
or germ-cell tests in higher eukaryotes
(e.g.. Drosophila tests) may provide &
bagis for raiging the weight of evidence
from one category to another.

Sufficient evidence for potential
human germ-cell mutagenicity would
include cases in which positive
responses are demonstrated in a
mammalian germ-cell test. Also, in
general, sufficient evidence exists when
there is confirmed mutagenic activity in
sther test systems (positive responses in
1t least two different test systems, at
-zast one of which is in mammalian
celis), and there is sufficient evidence
for germ-cell interaction as defined
above.

Suggestive evidence encompasses a
weight-of-evidence category between

- sufficient and limited that includes

cages in which there is some evidence
for mutagenic activity and for
interaction with germ cells.

Limited evideace for potential hursan
germ-cell mutagenicity exisis when
evidence is available only for
mutagenicity tests {other than
mammalian germ cells) or only for
chemical interactions in the gonad.

Table 1.—Classification of Weight of
Evidence for Potential Human Gean-Cell
Mutagenicity *

1, Sufficient evidence exists when positive
responses are demonstrated in:

4. at least ope in vivo manmstiar germ-cell
mutation test, or

b. at least two paint mutation tests {at least
one in menuralian cells) plus sufficient
evidence that the chemical interacts with
mammallian germ cells, or

c least two structural chromosome

¢ Takes into consideration the extent.
quality. and consistency of responses bearing
on an ageat’s ability to product mutagenic
events and lo interact with the mammalian
gonsdal terget. Nonmutagenic lest respanoes
(e.g- SCE in germ celis) may help to elevate
evidence of mutagenicity from one category
to another.

2. Suggesuve evidence exists in ithuse cases
in which there are positive data for both
mutagenic activity and evidence for chemical
interaclions 1n the gonad. but the evidence 13
less than sufficienl. This category is
potentially large and heierogeneous in nature
and ranges from almost sufficient to
easentially limited.

3. Limited evidence denotes a situation in
which ihe evidence is limited o information
on mutagenic activity or to evidence of
chemical reactivity in the target.
aberration lests {al least one in mammalian
cells) plus sulficient evidence that the
chemical interacts with mammalian gérm
cells, or

d. one gene mutation assay in mammalian
cells and one structural chromosome
aberration test in mammalian cells and
sulficieal evidence for chemical interaction
with mammalian germ cells.

Designation of evidence as limited does
not preclude the use of such information
to set priorities for further testing or to
supporl a case for potential
carcinogenicity.

Although definitive proof of
nonmutagenicity is not possible, it
seems appropriate that a chemical could
be classified operationally as not a
human germ-cell mutagen, if it gives
negative responses in those test systems
that together fulfill the criteria (i.e., all
relevant end points) for sufficient
evidence of a potential human germ-cell
mutagen. providing that all assays have
been properly performed. Test systems
used to define a negative should be
capable of detecting weak responses
(adequate statistical power) and should
be appropriate for the chemical or class
of chemicals under investigation.

Negative evidence of ckemical
interaction in the gonad in the presence
of evidence of mutagenic activity may
still signal some concern in regard to
somatic effects(10). Other combinations
of relevant information will most likely
require case-by-case evaluation. It may
algo be possible to operationally define
a chemical as not being a human germ-
cell mutagen based on negative results
from other assays which provide
information about mutagenicity and/or
interaction with germ-cell chromatin.

C. Quantitative Assessment

The preceding section addressed
primarily the processes of hazard
identification, i.e., the determination of
whether a substance is a potential germ-
cell mutagen. Often, no further data will
be available, and judgments will need to
be based on mainly qualitative criteria.
For quantitative risk assessment, further
information is required, namely.
determination of the heritable effect per
unit of exposure (dose-response) and the
relationship between mutation rate and
disease incidence. Dose-response

information is combined with
anticipated levels and patierng of
humap exposure in order to derive 4
quantilative assessment {risk
characterization).

1. Dose-Response ./

T'wo approaches to obtaining dose.
response dala are available. Ope
approach requires experimental data on
germinal mutations induced in intact
mammals. Several test syslems may
provide such information, e.g.. the
raouse heritable translocation, dominant
skeletal. dominant cataract, and
specific-locus lests. Although the
dominant skelelal and cataract assavs
have the advantage of measurine
dominant mutations. the heritabiolity of
observed effects has not been clearly
fiemonstrated..The experimental data on
induced mutation frequency are usually
obtained at exposure levels much higher
than those that will be experienced by
human beings. An assessment of human
risk is obtained by extrapolating the
induced mutation frequency or the
observed phenotypic effect downward
to the approximate level of anticipated
human exposure.

The Agency will strive to use the most
appropriate extrapolation models for
risk analysis and will be guided by the
available data and mechanistic
considerations in this selection.
However, it is anticipated that for tests
involving germ cells of whole mammals,
few dose points will be available to
define dose-response functions. In these
situations certain theoretical
considerations will appiy{20). For point
mulations. lineer extrapolations with no
threshold may be used as a conservative
approximation, provided the results
allow one to rie out major germ-cell
selection. For structural chromosome
tearrangements such as heritable
translocations. linear extrapolation of
the experimental data is thought to
overestimate the risks at low levels of
exposure and use of a multiple-hit model
is more appropriate.

The second experimental approach for
quantitative assessment of genetic risk
uses molecular dosimetry data from
intact mammals in conjunction with
mutagenicity and dosimelry dala from
other validated test systems{21). The
intact mammal is used primarily for
relating the exposure level for a given
route of administration of a chemical to
germ-cell dose, i.e., the level of mutagen-
DNA interactions. This information 18
then used in conjunction with results
obtained from mutagenicity test systems
in which the relationship between the
induction of mutations and chemical
interactions with DNA can be derived.
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Using mutagen-DNA interactions as the
common denominator. a relationship
can be construcied between mammalian
exposure and the induced mutation
{requency. The amount of DNA binding
induced by a particular chemical agent
may often be determined at levels of
anticipated human exposure. This
approach is still experimental and its
application involves many unknowns,
such as possible differences between
mammalian germ cells and cells of the
reference system with regard to 1ypes of
genetic damage induced and magnitude
of repair.

For some mutagenic events, DNA may
aot necessarily be the critical target.
interaction of chemicals with other
macromolecules. such as tubulin. which
is involved in the separation of
chromosomes during nuclear divisioa,
can lead to chromosomal
nondisjunction. At present. general
approaches are not available for dose-
response assessments for these types of
mutations. Ongoing research should
provide the means to make future
assessments on chemicals causing
aneuploidy.

2 Exposure Assessment

The exposure assessment! identifies
populations exposed to toxic chemicals.
describes their composition and size,
and presents the types. magnitudes,
frequencies. and durations of exposure
to the chemicals. This component is
developed independently of the other
components of the mutagenicity
assessment{9).

3. Risk Characterization

In performing mutageniciiy rish
assessments, it is important to consider
each genetic end point individually. For
example. although certain chemical
substances that interact wilth DNA may
cause both point and chromosemal
matations. it is expected that the ratio of
these events may differ for individual
chemicals and between doses for
given chemical. Furthermare.
transmissible chromosomal aberratioas
appear to be inducible with higher
frequencies in meiolic and postmeiotic
germ-cell stages, which have a brief life
span, than in spermatogorial stem cells.
which can accumulate genetic damage
throughout the reproductive life of an
individual. For these reasons. whea data

are available. the Agency. to the best
exteat possible. will assess risks
associated with all genetic end points.

Any risk assessment should clearly
delineate the strengths and weaknasses
of the data. the assumptions made. the
uncertainties in the methodology. and
the rationale used in reaching the
conclusions. e.g.. similar or differens
routes of exposure and metabolic
differences between humans and test
animals. When possible, quantitative
risk assessments should be expressed in
terms of the estimated increase of
genetic disease per generation or per
lifetime. or the fractional increase in the
assumed background spontaneous
mutation rate of humans(5). Examples of
quantitative risk estimates have been
published (6. 22); these examples may be
of use in performing quantitative risk
assessmeunts for mutagens.
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