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NOTICE: The project that is the subject of this report
was approved by the Governing Board of the National Re-
search Council, whose members are drawn from the Councils
of the National Academy of Sciences, the National Academy
of Engineering, and the Institute of Medicine. The mem-
bers of the Committee responsible for the report were
chosen for their special competences and with regard for
appropriate balance.

This report has been reviewed by a group other than
the authors according to procedures approved by a Report
Review Committee consisting of members of the National
Academy of Sciences, the National Academy of Engineering,
and the Institute of Medicine.

The National Research Council was established by the
National Academy of Sciences in 1916 to associate the
broad community of science and technology with the Acad-
emy's purposes of furthering knowledge and of advising
the federal government. The Council operates in accordance
with general policies determined by the Academy under the
authority of its congressional charter of 1863, which
establishes the Academy as a private, nonprofit, self-
governing membership corporation. The Council has become
the principal operating agency of both the National Acad-
emy of Sciences and the National Academy of Engineering
in the conduct of their services to the government, the
public, and the scientific and engineering communities.
It is administered jointly by both Academies and the In-
stitute of Medicine. The National Academy of Engineering
and the Institute of Medicine were established in 1964
and 1970, respectively, under the charter of the National
Academy of Sciences.

This study was supported by Contract 223-78-2026 from
the Food and Drug Administration, Public Health Service,
Department of Health, Education, and Welfare.
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PREFACE

The Committee on Food Protection has produced a series of
documents recommending procedures for the safety evaluation
of food chemicals. The concepts, methods, and philosophy
embodied therein represented the best judgment of panels
of experts as to the state of the art at the time each
document was developed. Government, industry, academia,
and the public have benefited therefrom. There are still
many gaps in knowledge as to the best approaches to the
safety evaluation of food chemicals, but significant prog-
ress in recent years justifies a revised edition of Evalu-
ating the Safety Food Chemicals (FNB, 1970).

Increased public awareness, a concerned food industry,
the expanding needs of regulatory agencies, and new and
improved methods for safety evaluation have had impact on
the guidelines and philosophy outlined in this revised
edition. 1In the rapidly moving field of safety evaluation,
guidelines and concepts require continuous updating as
newer knowledge becomes available.

For these reasons, and in response to developments cited
in the Introduction, the Committee deemed a revision of
its earlier publication timely.

vii
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INTRODUCTION

Earlier reports from the Committee on Food Protection (FNB,
1954, 1959, 1960, 1965, 1967, 1969, 1970) described pro-
cedures that at the time were deemed appropriate to eval-
uating the safety of food chemicals. The reports included
an initial consideration of physical and chemical proper-
ties of the food chemicals and some quantification of
anticipated levels and patterns of consumption. These
considerations were followed by toxicologic evaluations
that included acute oral toxicity, subchronic oral toxic-
ity, chronic toxicity, and reproduction studies in rodents
and other species. The principal basis for the evaluation
of safety was determination of what was then termed the
"no-effect level" in a 2-year study with rats and dogs.

In general, a no-effect level was regarded as one that
produced no disturbance in growth, no observed clinical
illness, no change in mortality rate or pattern, no ad-
verse biochemical or physiological effect, no adverse
effect on reproduction, and no gross or microscopic evi-
dence of damage to body tissues or organs. An estimate

of the "safe" level of intake for man was derived by
applying a substantial safety factor to the no-effect
level.

When the 1970 edition was written, these concepts of
food safety appeared to be valid. Current knowledge, how-
ever, suggests that "safety" with regard to food chemicals
is an elusive concept and cannot be established with cer-
tainty. With currently changing concepts, the accept-
ability of some degree of risk might be compatible with
a general definition of safety.

While methodologies of testing now available seek to
evaluate the adverse effects of food chemicals, potential
"benefits" of a food chemical have proven more difficult
to quantify (Darby and Hambraeus, 1978; Darby, 1980). The

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19810

Risk Assessment/Safety Evaluation of Food Chemicals
http://www.nap.edu/catalog.php?record_id=19810

latter may in the future constitute an important element
in the regulatory decision-making process, and adequate
methods for assessment of benefits are urgently needed.

The Food Safety Council (1980) has recently proposed cer-
tain guidelines and a framework for the explicit evalua-
tion of benefits of using a food chemical that may be
compared with evaluation of risks. However, until such
time as adequate .assessment of benefits can be implemented,
evaluation of risk is likely to remain the most important
factor influencing regulatory decisions.

In the 10 years that have elapsed since 1970, signifi-
cant advances have been made in toxicity testing and in
the interpretation of the results of studies to predict
hazards for man. New, revised, or proposed guidelines
have been promulgated for carcinogenesis testing by the
National Cancer Institute (Sontag et al., 1976); for car-
cinogenesis, mutagenesis, and teratogenesis testing by
the Canadian Department of Health and Welfare (Health and
Welfare Canada, 1973); for testing the toxicity of house-
hold products by the National Research Council's Committee
on Toxicology (1977) on behalf of the Consumer Product
Safety Commission; for assessing food safety by the Food
Safety Council (1978); for assessing the toxicity of pes-
ticides by the Environmental Protection Agency (EPA, 1978);
for assessing the safety of chemicals by the Environmental
Studies Board and Committee on Toxicology (ESB/COT, 1975);
and for evaluating toxic substances in drinking water by
the National Research Council's Safe Drinking Water Com-
mittee (1977, 1980).

Numerous conferences and workshops have been held to
consider conventional toxicity testing protocols (acute,
subchronic, chronic, inhalation, dermal, etc.), as well
as such newer areas as mutagenesis or genetic toxicology,
behavioral or neurotoxicology, immunotoxicology, and vari-
ous types of target-organ toxicity. The U.S. Senate Com-
mittee on Agriculture, Nutrition, and Forestry has examined
the topic of food safety (U.S. Congress, 1979). In recent
years all levels of government, industry, academia, and
society as a whole have become increasingly involved in
issues related to the safety of various chemicals, to the
Delaney clause, and to food safety policies. There has
been extensive debate on many related matters, including
the concepts of maximum tolerated dose (MTD),* threshold

*An operational definition to facilitate the chronic test-
ing of chemicals in the National Cancer Institute bioassay
program.
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dose effect, and the use of safety factors versus risk
estimate projections. Related developments during this
period include new requirements for good laboratory prac-
tices (GLP) (DHEW, 1978); the Occupational Safety and
Health Administration guidelines on carcinogenesis (OSHA,
1980) ; and the passage of toxicology related legislation,
e.g., the Federal Environmental Pesticide Control Act, a
revision of the 1947 Federal Insecticide, Fungicide and
Rodenticide Act (FIFRA) (U.S. Congress, 1972); the Toxic
Substances Control Act (TOSCA) (EPA, 1979); the Safe
Drinking Water Act (U.S. Congress, 1974); and a report
on food safety policy (IOM/NRC, 1979).

Because valid risk assessments cannot be made without
adequate data, toxicologists have also taken a closer look
at various aspects of testing methodologies. Modifications
and improvements of existing methodologies are being made.
Additions to existing protocols or proposals for new pro-
tocols are being developed. Testing methodologies are
being examined in order to improve assessment of risk
while reducing expenditures of time, money, and scientific
resources. If a new protocol does not improve assessments
and reduce expenditures, it will not provide any real bene-
fits to the consumer. Rather, it will merely supplement
the traditional approach, lengthen the current list of
procedures, and ultimately increase costs. It should also
be pointed out that authenticated cases of human injury
resulting from the approved use of chemicals in the pro-
duction, processing, packaging, or storage of food are
rare. Therefore, established, effective methodologies
should not be abandoned in favor of new approaches that
may be attractive only because they are new, different,
fast, or relatively inexpensive.

These many developments have made the 1970's an excit-
ing, albeit somewhat unsettling, decade in the history of
toxicology and have had a significant impact on food safety
evaluation.

Copyright © National Academy of Sciences. All rights reserved.
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RISK ASSESSMENT

RECENT DEVELOPMENTS AND CURRENT NEEDS

The 1970 edition of this report took the position that no
short-term studies could be relied upon to predict such
long-term effects as the induction of tumors. That edi-
tion also noted that, although it would be desirable to
have short, simple, and safe methods for evaluating the
safety of food chemicals directly in the human species,
such methods were not then in sight. Despite the consid-
erable progress that has been made in toxicity testing
during the last decade, both of the above positions, taken
in 1970, still appear to be valid.

The procedures and concepts deemed most applicable to
the evaluation of the safety of food chemicals in the past,
however, have been found in need of expansion in three
major areas: metabolism, interaction, and reproduction.
Currently, neither the metabolic pathways followed by a
compound nor the physiological response induced by meta-
bolic overloading can be ascertained unless the tests are
accompanied by specific collateral studies. No suitable
methodologies are currently available for predicting ad-
verse effects of exposures to a mixture of chemicals on
the basis of data from tests performed on single chemicals.
Detection of any but the most severe damage to reproductive
function and embryonic development is not possible with
current standard tests. Furthermore, the process of ex-
trapolation from one species to another, the applicability
of data derived from rodents to man, and particularly the
apparent extreme sensitivity of the mouse to chemicals
require serious consideration and study.

Guidelines for estimating toxicologically insignificant
levels of chemicals in foods were proposed in an Appendix
to the 1970 edition of Evaluating the Safety of Food

4
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Chemicals. 1In an effort to avoid misapplication of experi-
mental effort, the guidelines covered chemicals with a
substantial history of commercial production, degradation
products of pesticides with established safe levels, and
other organic chemicals meeting special structural restric-
tions. Their criteria involved exclusion of chemicals of
known biological activity, consideration of the relation-
ship of the chemical in question to substances of estab-
lished low toxicity, and assumptions concerning metabolic
fate.

These guidelines were an administrative tool by which
a judgment of safety could be made for substances at the
levels found in foods. They were intended to aid in estab-
lishing a reasonable system of priorities for selecting
food chemicals for testing as to risk. Although these
guidelines have some utility in setting priorities, they
are no longer considered adequate for estimating acceptable
risk, as that risk is defined in this report. They are
being replaced by more sophisticated methods, such as those
proposed by the Food Safety Council (1978) and Cramer et
al. (1978).

Partial solutions to some of the problems of 1970 have
been achieved. Studies of the metabolism of food chemicals
are required (or at least highly recommended) in several
of the current versions of new safety guidelines (EPA,
1978; Food Safety Council, 1978; IOM/NRC, 1979) and are
frequently included in industry protocols.

It is likely that metabolic studies at use levels in
man and at use levels as well as toxic levels in laboratory
species used for toxicity testing will eliminate many of
the shortcomings of testing methodology and make possible
a more accurate prediction of human response. More accu-
rate predictions depend upon a clearer understanding of
the mechanism of action of the test chemical and its inter-
action with other internal and external factors. Metabolic
studies will improve capabilities for overall assessment
based on elucidating mechanisms of action.

Little progress has been made in our capacity to predict
the effects of exposure to multiple agents on the basis of
tests carried out with single chemicals. This difficult
and complex problem will require further research, as it
is not reasonable to expect each possible interaction to
be investigated in the course of a risk assessment. Cur-
rently, the only practical approach is to carry out tests
with the specific mixtures of compounds for which informa-
tion is needed.

Additional research is needed on the role of placental

Copyright © National Academy of Sciences. All rights reserved
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transfer and fetal storage of food chemicals in reproduc-
tive and embryonal tissue damage. The current testing
protocols for reproductive damage and teratogenic effects
provide information about the end-stage effects, but the
scientific basis for these effects is not clear. Thus
the predictive validity of the tests is limited.

None of the genetic toxicity testing protocols, either
singly or in combination, as yet provides a satisfactory
basis for eliminating the usual 2-year chronic tests for
predicting the carcinogenicity of food chemicals in man.
Short-term tests may, however, provide important new tools
for investigating the ability of food chemicals to induce
genetic effects in some in vitro and in vivo systems.
Moreover, because of the rather good correlation between
mutagenicity and carcinogenicity for some classes of com-
pounds, genetic toxicity tests offer promising methods for
the preliminary screening of some potential carcinogens.

Chronic exposure tests on selected animals continue to
be a mainstay of toxicological test procedures, largely
because most of the early predictors of delayed injury
have not been adequately validated. It should be pointed
out that certain studies on human subjects can be done
under controlled conditions and, in those situations where
the benefit in terms of knowledge to be gained clearly out-
weighs the anticipated risk to the subjects, the results
of such studies may contribute uniquely to the overall
assessment of risk.

INFORMATION RELEVANT TO ASSESSMENT

Before risk of injury from ingestion of added or indigenous
chemicals in foods can be assessed, it is essential to have
adequate qualitative and quantitative data on the physical
and chemical properties, the extent of use, and the bio-
logical effects of the chemicals. An adequate data base
concerning the nature of biological effects of a chemical
and the dosage or dosage rates that can be expected to
produce each of the effects is necessary for estimating
risk associated with its use. The following section sum-
marizes the information that can be used for risk assess-
ment of a food chemical. It is not proposed, however,

that all the information be collected for each assessment.

Information for Complete Assessment of Human Risk
(A) Identification and characterization
1. Chemical name, common name, and synonyms

Copyright © National Academy of Sciences. All rights reserved.
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(B)

(c)

(D)

7.
8.

Trade names

Source and purity, including identification
of impurities

Empirical and structural formulas

Chemical and physical properties, including
storage stability

Analytical procedures, including sensitivity,
accuracy, and precision

Manufacturing processes and techniques
Commercial specifications

Manner and extent of use by humans

1.
2.
3.

History of use in foods

Natural occurrence in foods

Quantity produced (manufactured and imported)
for use as a food chemical

Patterns of use as a food chemical

Per capita intake (range and average in terms
of milligrams per kilogram of body weight per
year)

Intake by age and other subgroups in popula-

tion, if -applicable

Animal tests involving pathological examinations
(two mammalian species: one rodent, one nonrodent)

1.
2.
3.
4.

8.

Acute

Genetic toxicology

Kinetics (including metabolism)

Subchronic (short-term feeding designed to
provide comprehensive data on biochemical,
functional, and morphological effects)
Reproduction and teratology

Special studies: target organ toxicity,
interaction

Chronic (long-term feeding designed to provide
comprehensive biochemical, functional, and
morphological data on cancer and chronic
degenerative changes)

Extrapolation of animal data to humans

Monitored effects in man .

1.

Clinical observations

-- Kinetics (absorption, distribution, metabo-
lism, and excretion)

-- Interactions with drugs, nutrients, and
other food chemicals

-- Special studies

Epidemiological and other human data

-- Inadvertent exposures

-- Clinical reports

~-- Anecdotal reports

Copyright © National Academy of Sciences. All rights reserved.
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Identification and Characterization

The chemical structure and physical properties of a sub-
stance determine its intrinsic reactivity with endogenous
tissue molecules as well as with food constituents. Ac-
quisition of data on these properties of a food chemical
is the first step in its toxicity evaluation. As experi-
ence is gained in characterizing the nature and mechanisms
of biological effects produced by chemicals, it may become
possible to base some assessments of toxicity on structure-
activity relationships of analogues. Although toxicity
cannot now be adequately predicted solely from data on the
chemical structure and physical properties of a substance,
these data are important to an overall evaluation of the
chemical. The purity of the chemical and the identity

and level of impurities are important factors.

There are still many substances (including natural fla-
voring and coloring agents) commonly added to foods that
are not chemically characterized. Some mixtures are iden-
tified only on the basis of accepted methods of prepara-
tion or extraction. However, variations in a production
process or equipment may change the chemical constituents
of an incompletely characterized material in a manner that
results in unexpected toxicity. Complete chemical charac-
terization is essential if toxicological data are to have
predictive value for samples other than the particular
sample being tested. The Food Chemicals Codex (FNB, 1972a)
provides quality and purity specifications for more than
650 food chemicals that are amenable to chemical and physi-
cal characterization.

Determining toxicity and predicting rates and pathways
of degradation or other chemical changes during food pro-
cessing, storage, and preparation can become very complex
when various physical and chemical forms of the substance
in question are present. If indirect additives such as
pesticide and fumigant residues, packaging migrants, and
processing aids are present, they add to the complexity.

Evaluation of health risk can be more easily accom-
plished when the food chemicals under consideration are
characterized and appropriate standard analytical tech-
niques are available. Degradation or reaction products
formed by the reaction of additives with food components
should be identified and suitable assay systems provided.
Data to be used in evaluations of health risk should be
obtained under exaggerated as well as traditional condi-
tions of processing, storage, and preparation.

Copyright © National Academy of Sciences. All rights reserved.
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Extent of Use

Determination of the risk from a food chemical requires
knowledge of its toxicity and a reasonable estimate of
the frequency and-level of human exposure (FNB, 1979).

An assessment of varying amounts of the food chemical
likely to be consumed by segments of the population is
desirable. However, improved methodology and more exten-
sive and complete quantitative food consumption data are
needed before reasonably accurate assessments can be made
for intakes of many of the food chemicals. Therefore,
for the time being, the toxicity of the proposed food
chemical must serve as the primary data base for subse-
quent scientific or judgmental decisions concerning
assessment of acceptable risk, with estimates of consump-
tion serving as supplementary data.

Biological Effects

Well-designed clinical and epidemiological studies in
humans utilizing controlled and quantified exposure dosages
should, presumably, provide the most meaningful data base
for the estimation of risk. Unfortunately, there are
numerous difficulties. First, medical ethics and legal
considerations may preclude controlled clinical studies
of a chemical that has no (or only indirect) beneficial
health effects. Such studies would be permitted and
acceptable only if human exposures were already known to
occur, or, in the case of a new substance, if fairly ex-
tensive data on biological effects in test animals were
available in advance and did not suggest irreversible
toxic effects. Second, according to current FDA regula-
tions for testing new drugs and cosmetics, the selection
of experimental subjects for a preliminary clinical study
must be restricted to a limited number of healthy individ-
uals. This restriction may lead to a failure to detect
an effect that occurs at low frequency (i.e., only in the
most susceptible individuals) in a large population sam-
ple. Third, although well-controlled human studies might
make it possible to test the full range of expected expo-
sure levels, it would be impractical to conduct such
studies for a sufficient duration to approximate the ex-
pected human exposure period. Thus, while effects from
acute exposure might be assessed by direct clinical inves-
tigation, effects unique to chronic exposures are usually
determined only through rather imprecise epidemiological
studies. Such studies are more precise in those situa-
tions where specific toxic effects are strongly indicated
in prior tests on appropriate animal species.

Copyright © National Academy of Sciences. All rights reserved.
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Acquisition of adequate toxicological data for estimat-
ing risk associated with food chemicals, therefore, neces-
sarily requires controlled experimental studies in animals,
supplemented whenever possible by data from humans. Esti-
mates of risk can be made by quantitative consideration
of toxicity data in relation to patterns of food chemical
use, physical-chemical characteristics, and distribution.

Toxicological Studies

A number of national and international agencies have devel-
oped guidelines for obtaining data essential to determina-
tion of the toxicological characteristics of food chemicals.
The increased sophistication of the science of toxicology,
as well as increased concern about food safety, is reflected
in the complexity of current protocols compared with re-
quirements accepted a decade or more ago.

Nevertheless, the basic principles underlying toxicity
testing for evaluating health risks of chemicals remain
essentially unchanged. The principle that toxic effects
in animals are applicable to man underlies toxicological
testing just as it underlies the knowledge base of experi-
mental biology and comparative medicine. Appropriate ex-
trapolation of data from animal tests to man requires an
understanding of inherent species differences with regard
to metabolism and disposition, target tissue sensitivity,
and rates of injury and repair. The principle that the
intensity, time of onset, and duration of biological
effects of chemicals are functions of dose remains central
to toxicological assessments. Thus, the likelihood of
detecting an injurious effect in test animals is enhanced
by increasing the dose.

Three new issues are surfacing in relation to chronic
toxicity testing. The first is the concern that the use
of high doses may introduce adverse effects that will be
observed only at high doses. These adverse effects may
be due to physiological disturbances related to metabolic
overload, rather than to toxicity directly attributable to
the chemical. When the capacity of normal primary pathways
for detoxification and excretion of a chemical is exceeded
and secondary pathways come into play, the quality and
quantity of metabolites may differ from those produced
through the primary pathway. This may result in very dif-
ferent responses by the test animal, which may not repre-
sent those characteristic of lower dose exposures that are
more typical of human use levels. Thus, test results at
extreme levels may well be misleading. The recognition
of this situation is one concern associated with use of

Copyright © National Academy of Sciences. All rights reserved.
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the maximum tolerated dose (MTD) in carcinogenesis bio-
assays. Refinements of this approach, to include studies
of the metabolism of the food chemical over a range of dos-
ages from use levels to toxic, are particularly important.

A second issue has to do with increased recognition ‘
that additional knowledge of embryonal damage from chemi-
cals and more frequent inclusion of in utero exposure are
needed in chronic toxicity protocols. Although the appro-
priateness of using rodents for predicting in utero effects
in man is controversial, the need for doing so is likely
to assume greater importance. As noted earlier, additional
research is needed concerning the role of such factors as
placental transfer and fetal accumulation of chemicals in
producing embryonal tissue damage. Current protocols for
evaluating teratogenesis and reproductive damage provide
information only on end-stage effects.

The third new issue likely to assume increasing impor-
tance arises from attention to the contribution of nutri-
tion to the results of chronic toxicity tests. Deficiencies
or excesses of nutrients, or varying ratios of macronutri-
ents (fat, carbohydrates, and protein) and/or micronutrients
(vitamins and minerals), may either enhance or inhibit
development of a particular toxic effect of a chemical in
the diet. Whereas many interactions between dietary con-
stituents and nonnutritive chemicals are now well known,
the complexity of the issue requires thoughtful planning
and increased appreciation of the significant issues.

Recommendations for animal tests (see page 7) include
two relatively recent additions to toxicology testing:
genetic toxicology and toxicokinetics. Information obtained
from tests in these areas can provide guidance for the con-
duct and interpretation of subsequent prolonged exposure
tests; such tests may substantially improve the predictive
value of the animal test results. Positive findings in
short-term tests (mutagenesis or cell transformation assays)
provide a clear indication of the need for extended testing
in animals; demonstration that metabolism of a food chemi-
cal in the target species (usually man) is similar to that
in the test species supports the predictive value of the
test species results.

The Committee believes, however, that neither genetic
toxicology, toxicokinetics, nor any single test should be
used as a primary basis for regulatory action. This caveat
applies to other tests that have not been adequately vali-
dated and that have not been shown to have high predictive
value in establishing human health risk from food chemi-
cals. This includes most currently available short-term
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mutagenesis and carcinogenesis tests, most of the proposed
behavioral tests in animals, and many other short-term
tests based on pharmacological procedures. Those tests
are more properly designated research procedures, not re-
quired protocols, unless or until their predictive value
has been validated. The distinction between information
that may be useful in the evaluation of a specific agent,
as opposed to information that would be required for all
agents,. should be clearly identified in the formulation
of new animal testing protocols and in the modification
of current test guidelines.

One method for providing judgment or decision points
within a risk assessment protocol is to use a "decision
tree" or tier approach to evaluate the results of toxicity
studies in animals. The recent "Proposed System for Food
Safety Assessment" developed by the Scientific Committee
of the Food Safety Council (1978) uses such an approach to
provide decision criteria for decision points in the pro-
posed scheme. The Food Safety Council's proposal of a
priority strategy in selecting compounds to be placed on
test and in planning and conducting such studies is likely
to be especially useful to toxicologists in the food indus-
try and to the agencies responsible for the regulation of
food chemicals. Another approach has been developed by
Cramer et al. (1978) for use in correlating chemical struc-
ture with toxic hazard of food chemicals. It appears that
this system, as well as the one discussed above, will be
a valuable tool for assessing food chemicals.

Flexibility is a key element in the ultimate usefulness
of any series of toxicity tests in animals. Both the regu-
lator and the investigator must be encouraged to use judg-
ment in selecting those tests most likely to characterize
fully the toxicity of a specific agent and in modifying
the individual tests in a manner that will improve their
predictive value. As has been noted previously (ESB/COT,
1975), "There is no substitute for the vigilance of an
inquiring and skeptical mind which has assumed the full
responsibility for planning, conducting, and evaluating
the results of toxicity tests in making safety assessments.”
If that responsibility is lessened by exclusive dependence
on a "check list" approach, the major assurance has been
lost that a responsible, perceptive, and efficient investi-

,gation will be conducted.
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PREDICTION OF RISK

SELECTION OF TEST PROCEDURES

Historically, the toxicity tests discussed earlier sought
to provide information on the risk to humans of exposure

to various substances. It is often not possible to make
quantitative evaluations of this risk on the basis of ani-
mal data. The converse, however, is recognized--chemicals
known to be toxic to humans generally produce comparable
effects in many animal species. The ability to extrapolate
scientific results from animals to man is a fundamental
principle without which prediction of risk would have to

be derived from data obtained on man alone.

Considerable information can be obtained from the ani-
mal testing protocols described in the previous section.
Four general categories of tests are proposed: acute, sub-
chronic, chronic, and special. The value of data in pre-
dicting risk differs with the type of test. Acute toxicity
tests are useful primarily in guiding the selection of test
methods and dose levels for subsequent studies. Subchronic
tests, on the other hand, are of great value in predicting
toxicity and risk for man. Aside from neoplasia, most
responses associated with repeated administration of chemi-
cals will develop within the 3-month span proposed for sub-
chronic tests, particularly if studies of reproduction and
teratogenesis are carried out in conjunction with the 3-
month exposure. Chronic tests that extend over most of
an animal's life span are also necessary because prolonged,
low-level exposure may be required to detect certain chronic
effects, notably carcinogenesis. The fourth category com-
prises tests designed to obtain information on some special
facet of the anticipated action of the chemical.

Any test used to provide data for estimating risk to
humans should be carried out in ways that generate valid

13
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data relating dose and response. Test animals must be
healthy and of known origin and breeding stock. They must
be adequately housed, nourished, and cared for prior to
and during the experiment. The number and range of doses,
the vehicle, route of administration, and number of test
and control animals must be appropriate.

New testing procedures for genetic toxicology, tera-
tology, immunotoxicology, and neurotoxicology are being
developed. The potential value of in vitro systems is
great, provided rapid, reproducible tests with a known
predictive validity can be developed. There is great need
for developing these new tests in a framework specifically
related to the more conventional methodology.

SELECTION OF SPECIES

Selection of the animal species on which the tests are to
be performed is fundamental to success. For classical
acute toxicity tests, line-bred strains of rodents are
customarily used and testing is generally restricted to
young adult males. Short-term subchronic toxicity tests
generally use young adult male rats of line-bred albino
strains. Chronic toxicity tests classically utilize rats,
both male and female, and a second species, often line-
bred beagle dogs. The species used clearly affects the
test results. Currently, selection of species is based on
four considerations: the most sensitive species, the spe-
cies that most resembles man metabolically, the species that
most resembles man in function, and the best-characterized
species. Each attribute is further discussed below.

Sensitivity to Toxic Effects

Often it is not known which species is most sensitive to a
particular toxic effect, but information on analogous com-
pounds may be helpful in making the selection. Moreover,
tests in the most sensitive species are no more valuable
in predicting effects in man than are tests in other spe-
cies that respond in a similar manner, but require larger
doses. The relative sensitivity of man cannot be predicted
without information such as comparative data on metabolism.
In the absence of such information for setting tolerances,
the no-observed-adverse-effect level (NOAEL) in the most
sensitive species provides a conservative tolerance level,
because it is based on the assumption that man may be at
least as sensitive as the most sensitive experimental
animal.
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Metabolism

The choice of an animal species that metabolizes the test
chemical in a pattern similar to man has substantial sci-
entific merit. This choice presupposes sufficient avail-
able information about the metabolism of the chemical (or
similar chemicals) in man and other animals. If the spe-
cies thus identified is an infrequently used animal, par-
ticularly a large animal, problems of procurement and
housing may outweigh the scientific advantages. The
advantage of selecting an animal species on the basis of
metabolic similarities with man must be tempered by the
realization that either may exhibit marked variability in
the metabolism of chemicals, depending on age, sex, genetic
factors, and physiologic state.

Function

Even when the metabolism of a compound in an animal resem-
bles that of man, the effects of the active compound or
metabolite in that species may not resemble the effects

in humans. System and organ functions are necessarily
monitored by tests designed to accommodate the species
under study as well as to provide relevant information for
man. The choice of mammalian species for comparison with
man is usually based on similarities of structure and
function of such organs as the endocrine glands, blood-
forming organs, liver, kidney, brain, and placenta. Non-
mammalian species, particularly invertebrates, are divergent
in many of these aspects. However, the common view that
higher primates or even monkeys are more like man in func-
tion and metabolism than are other species is not uniformly
true, in spite of the many similarities that may exist.

Degree of Characterization

Selection of species on the basis of characterization,
i.e., availability, uniformity of strain, length of life
span, background information, size, cost, and so forth,

is undeniably important. As a practical matter, therefore,
only a comparatively small number of species are used.

The type of test and the selection of species are based

on conventional protocols that have demonstrated predictive
value in the past. Although the development of new tests,
incorporating new species of animals, is to be encouraged,
it should be recognized that the use of conventional pro-
tocols is often to be preferred because of the large data
base that already exists.
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METHODS OF PREDICTING RISK

The ideal test for predicting risk would be carried out in
a species in which physiological or biochemical functions
and metabolism of the compound closely resemble those in
man. A complete range of doses and times of exposure would
then be evaluated, such that acceptable doses for man could
be directly estimated from the data. However, in practice,
adequate information for direct extrapolation is seldom
attained, because it would necessitate very large numbers
of animals and prolonged periods of time.

In the absence of the ideal test, and in an effort to
achieve reliability in estimating risk, the following
principles are used in selecting protocols: (1) A range
of doses is chosen that starts below the dose at which
effects are observed in animals and extends to the level
at which fatalities occur. (2) Both acute and chronic
exposure are studied, thereby adding duration of exposure
to the range of doses. In chronic studies, tests of organ
function and morphological examination for structural
alterations are performed in various organs. (3) More
than one species of animal is used in critical tests be-
cause the predictability of data from animals to man is
thus greatly increased. 1If one species exhibits a toxic
response to a substance, there is a potential risk to man;
if the same risk is demonstrated in a second species, the
probability that the toxic response will occur in man is
increased. (4) Data relating dose and response are used
to estimate risk. The toxicity of noncarcinogenic chemi-
cals is perceived to be dose related. That is, occurrence
of a toxic phenomenon is predicted to be more likely at a
higher dose and less likely at a lower dose.

As a generalization, the dose-response principle is
incontrovertible; however, under certain limited  circum-
stances, such as carcinogenesis, it may not hold. The
concept of a "threshold dose," below which a toxic effect
does not occur, is an exception to the principle because
it projects no dose-response relationship in the range of
doses from zero to threshold. This concept embodies the
principle that below the threshold dose the rate of metabo-
lism and excretion of the compound exceeds the rate of
development of the toxic phenomenon. In the case of car-
cinogens, there is disagreement as to whether there is a
threshold dose for the production of cancer by certain
chemicals. Whereas consideration of the presence or
absence of threshold is of theoretical interest, there
is currently no clear means of predicting risk on the
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basis of the true shape of the dose-response curve in the
range between the lowest observed effect and zero dose.

Two methods are of importance in analysis of the prob-
lems of predicting incidence and severity and of extrapo-
lating data both from high dose to low dose and from the
test species to humans. One method is based on establish-
ing a safety or uncertainty factor from data obtained in
the tests; the other is based on extrapolation below the
no-observed-adverse-effect level, using a defined line or
point. These methods are discussed below.

Uncertainty Factor

This factor (Safe Drinking Water Committee, 1977), pre-
viously termed a safety factor, is used to set the accepted
maximum dietary level of a food chemical. This level may
vary from 1/10 to 1/1,000 of the highest level at which
no effect in animals was observed. The purpose of use of
the factor is to identify a level of intake that is below
that which would produce an adverse health effect in man.
The uncertainty factor varies with the kind and amount of
data available. One component depends on the animal spe-
cies in which the toxicity data were obtained. For many
purposes, an arbitrary factor of 100 below the no-observed-
adverse-effect level has been used (WHO, 1967). One fac-
tor of 10 allows for differences within species; the
second factor of 10 accounts for between species differ-
ences (e.g., from rat to man). Clearly, the type of
effect appearing in animal tests -also influences the
selection of the uncertainty factor. The nature of the
deleterious effect in a subchronic or chronic toxicity
test influences the weight ascribed to the toxic effect,
and the uncertainty factor is adjusted in accordance with
a judgment as to the seriousness of the effect. Whenever
there is some question as to the importance of a toxic
finding, a larger uncertainty factor might be used ini-
tially and altered as moré data become available. As
uncertainty factors are influenced by the quality and
quantity of the available data, it is inappropriate to
propose applying a rigid factor.

Extrapolation from Dose-Response Data

Mantel and Bryan (1961) proposed that extrapolatlon from
an existing dose-response curve for carcinogenesis could
be used to establish "virtual safety." They further sug-
gested that their proposed procedure was not limited to
carcinogens and could be used for other compounds. The
Mantel-Bryan procedure starts with establishing acceptable
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risk. 1In the case of carcinogenesis, "virtual safety"”
has been defined as occurrence of the toxic effect in
1:100,000,000, with a statistical confidence limit of
99 percent for a specified dose.

The slope of the dose-response curve below the lowest
observed effect, or some other selected data point, must
be estimated. Although direct extrapolation from existing
dose-response curves could be used instead of a selected
slope, it should be recognized that different results will
be obtained by direct extrapolation when different methods
of curve fitting are employed (ESB/COT, 1975). A conserva-
tive slope (such as a slope of 1) is often selected. This
selection is practical because there is no assurance that
direct extrapolation of dose-response curves below the
level of response will result in more accurate prediction
than will use of an arbitrary slope. Mantel and Bryan sug-
gested that a slope of 1 probit for each 10-fold change in
dose be used as a conservative slope. The more gradual
the slope, the more conservative will be the estimate of
"virtual safety." Modification of the dose-response ex-
trapolation methods to include an evaluation of the sig-
nificance of the age at which a toxic effect might occur
has been proposed. Friedman (1974) has noted the need for
more data to improve the accuracy of the arbitrary choices
in the Mantel-Bryan approach: namely the probability esti-
mate (how valuable is a 1:100,000,000 risk estimate?), the
statistical confidence interval (is 99 percent too high?),
and the slope (would a steeper slope give a closer fit
to the acceptable present day utilization of known food
additives?).

In addition to the Mantel-Bryan procedure, other sta-
tistical models have been proposed for extrapolating from
data in estimating risk. Several reports expand on the
probit model suggested by Mantel and Bryan or discuss newer
models including one-hit, multi-hit, and multi-stage models
(Hoel et al., 1975; Mantel et al., 1975; Cornfield, 1977;
Van Ryzin and Rai, 1980). Some examples of these models
can be found in the reports of the Safe Drinking Water
Committee (1977, 1980) and the Scientific Committee of
the Food Safety Council (1978).

Selection of Method

Both the uncertainty factor and the risk estimation methods
just described have been used for predicting risk, and both
require experienced judgment in selecting appropriate param-
eters. As Mantel and Bryan (1961) have pointed out, uncer-
tainty factors for estimating acceptable dose levels of
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drugs have been used routinely in extrapolating pharmaco-
logic data from animals to man. In cases where the toxic
or carcinogenic effect appears only after repeated admin-
istration of the chemical, risk estimation of the Mantel-
Bryan type may be appropriate, although in this case a
factor for species differences is not included. 1In cases
where the variability of the toxic response between indi-
vidual animals is known, the uncertainty factor may be
appropriate. At present, a combination of methods offers
maximum information for the final judgmental process used
in assessing the data and deriving conclusions from mathe-
matical procedures.

It is not possible to identify precisely those tests
that will be most appropriate for estimating toxic effects
in each individual case. On the other hand, to establish
batteries of tests that must be routinely applied to all
substances will result in unnecessary expenditures of time
and effort. In addition, there is cause for concern that
use of animal tests that have not been validated as to
applicability to man will unduly emphasize toxic effects,
despite the lack of validation. Tests that have not been
validated as applicable to man and that generate weak evi-
dence of toxicity are of 1little help in making risk esti-
mations or regulatory decisions.

In the tests used to assess effects of food chemicals,
data on various physical and biochemical parameters will
be obtained in the subchronic and chronic studies. From
these observations it will be necessary to decide which
effects are deleterious and to decide how the various dose-
response curves might be used to evaluate risk. Generally,
irreversible or life-threatening effects will be assigned
greatest importance. The lowest dose at which any delete-
rious effect is found is also particularly significant.
However, it should be recognized that the lowest effective
dose is related directly to the sensitivity of the test
employed, and the proper objective is not to identify the
most sensitive test, but to identify the one that most
accurately predicts effects in man.

Observations on Animals

Because of physiological, biochemical, morphological, and
functional similarities among mammals, the results of many
indices of chemical effects measured in laboratory species
are assumed to be predictively transposable to man. In
animal studies, both the dose and the duration of exposure
can be exaggerated in relation to the exposure of man,

and in many, perhaps all, situations the probability of
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detecting a toxic effect is increased with increasing dose
and duration.

Despite interspecies similarities, however, there are
many metabolic¢, functional, and other differences that
inevitably result in uncertainty in species-to-species
extrapolations. Although the uncertainty inherent in such
extrapolation tends to diminish as the number of species
showing similar responses increases, it never vanishes
completely. There always remains uncertainty in extrapo-
lating from one species to another, because no two species
are identical.

Knowledge of toxic effects in laboratory animals cannot
ensure absolute protection against injury for every indi-
vidual in the population, because the population includes
persons of different ages and physiologic and disease
states as well as hypersensitive or allergic individuals
and persons with extreme food habits. Because most risk
studies are conducted on healthy adult animals receiving
standardized laboratory diets, the results would be ex-
pected to be more applicable to healthy adult humans on
good diets than to those on nutritionally inadequate or
imbalanced diets. There is much need for research to
extend the validity of conclusions to the more extreme
or abnormal human situations.

The aim of the series of tests is to determine the
maximum dose level that is without discernible adverse
effect. Clearly, duration of experimental exposure as
well as dosage must be finite, and scientific judgment
must be applied in the selection of test dosages and dura-
tion of exposure. The maximum dose level that has no
observed adverse effect is of decisive importance in risk
evaluations. It is this dose that is translated, after
applying a suitable uncertainty factor or dose-response
extrapolation, into a maximum acceptable level of intake
for man. The value of arriving at an estimated no-
observed-adverse-effect dose for humans is to provide
a basis for achieving minimum risk, though that risk can
never be established as zero. The reasons for the resid-
ual uncertainty are numerous and include the following:

® The size of the test groups is small relative to
the population to which the data are to be applied, so
that there is only a probability estimate of the variation
to be expected in a large population.

® No-observed-adverse-effect dose levels vary with the
species, strain, sex, age, physiological state and other
factors in the test animals. Hence, the failure to

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=19810

Risk Assessment/Safety Evaluation of Food Chemicals
http://www.nap.edu/catalog.php?record_id=19810

21

observe an adverse effect under one set of defined experi-
mental conditions does not preclude the possibility of an
effect under other conditions. No matter how many types
of response may be observed in toxicological studies, it
is conceivable that one or more tests not employed in a
study might be more appropriate for man and reveal an
effect not previously observed.

® Although it is desirable to identify the dose at
which no adverse effects are observed, it is sometimes
difficult to determine if a deviation from a "normal" or
control response is indeed an -adverse effect. For example,
reversible changes in the level of a normal constituent
of blood or tissue, in organ weight, in morphology, or in
function may be indicative of a compensatory state that
may or may not be indicative of injury.

Observations on Man

The ideal species in which to study risk of food chemicals
for man is man himself. The nature, usefulness, and limi-
tations of this approach have been succinctly discussed
(WHO, 1961, 1967, 1970).

The ultimate assessment of the risk from ingesting a
food chemical derives from years of widespread consumption
by man under varying conditions of use. Even here, the
absence of recognized adverse effects does not, of itself,
constitute adequate assurance of absence of risk. The
possibility always exists that adverse effects, because
of their subtle, rare, or slow development, may not be
recognized as due to the chemical in question.

Epidemiological studies in which the subjects consume
food and food chemicals under normal conditions of use are
difficult to carry out. Even with the most careful atten-
tion to control, the data reflect a complex interplay of
such factors as intake, age, sex, race, dietary habits,
and variable physiological, social, and environmental cir-
cumstances. To conduct a meaningful survey requires rigid
control, careful selection of the sample population, and
large numbers of subjects and measurements.

Controlled experimental studies in man, though desirable
for prediction of effects of general distribution of a
chemical in food, have limited predictive value for a num-
ber of reasons:

® The number of subjects is usually not adequate to
disclose reactions that occur infrequently.

e The feasible duration of an experiment is but a
relatively short segment of man's total life span. Thus,
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observations relating to low-level, long-term effects,
such as carcinogenesis, are impossible with present knowl-
edge and methodology.

® Tests are usually carried out on a restricted cate-
gory of subjects, such as healthy adult males, and do not
yield information on variation in susceptibility due to
sex, pregnancy (including susceptibility of the embryo),
age, race, and environmental factors.

® The variety of experimental tests, histological ob-
servations, and range of doses used legitimately in man
is severely limited in comparison to those employed in
experimental animals. In extended studies, the low levels
of consumption of a food chemical that are dictated by
ethical considerations do not provide adequate data from
which risk can be computed. No degree of risk can be mea-
sured if no toxicity develops. Neither the toxicity nor
the risk associated with food chemicals can be measured
quantitatively in man in a controlled experiment that meets
accepted ethical standards.

® In order to control the intake of a chemical accu-
rately, it is frequently given by capsule or in some other
manner not precisely that characteristic of use in foods.

® Because the subjects must by law be informed of the
experiment and of any potential risk, psychological reac-
tions may distort the results unless the experiment is
very carefully designed.

® Lapses of cooperation by the subjects reduce the
dependability of the data.

It is clear that there is no substitute for appropriate
and well-executed studies with animals. Such studies are
more likely to provide a substantial background of bio-
logical data from which to judge risk than are studies in
man alone. The greatest advantage of animal experiments
is that the dose can be raised, even to excessive levels,
above expected intakes. It is a principle in toxicology
that the toxic effect of a chemical is related to both
dose level and duration of exposure. Novel toxic effects
on an organ may arise as the dosage increases. However,
many toxic effects can be seen after a short period of
exposure to high dosage of the substance of interest,
whereas, the same effects may occur only after prolonged
exposure to lower dosages. Thus, well-designed lifetime
toxicity tests in animal species with relatively short
life spans can provide results that have greater value
for predicting safety in man than can the results of tests
of similar time duration in man.
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Optimum Conditions

The ideal situation for estimating risk would be obtained
by a combination of the following: (1) extensive toxico-
logic tests in appropriately selected animal species, with
emphasis on effects on target organs or tissues, mechanisms
of action, and metabolic rate; (2) suitably controlled
tests in man; and (3) epidemiological studies in man. Even
this conscientious program of study cannot completely dis-
pel uncertainty regarding those harmful effects that are
difficult to attribute to specific causes because they
develop slowly, are of subtle nature, or occur infrequently.
In practice, however, due to ethical standards and consid-
erations of time, effort, and cost, estimations of risk
must usually be made on the basis of a less than ideal
spectrum of data.
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FEDERAL REGULATIONS

Federal statutory authority to regulate the safety of the
U.S. food supply was first enacted as part of the Federal
Food and Drugs Act of 1906 (U.S. Congress, 1906). Food
was declared to be adulterated, and thus illegal, if it
contained any added poisonous or other added deleterious
ingredient which may render such article injurious to
health. Two early Supreme Court cases broadly interpreted
the word "added" to exclude only food constituents placed
in the food by nature itself, and construed the provision
to prohibit only those added ingredients that might be
injurious under their actual conditions of use (U.S. Code,
1914, 1916).

When the 1906 Act was replaced by the Federal Food,
Drug, and Cosmetic Act in 1938 (U.S. Congress, 1938), a
distinction was made between natural and added food con-
stituents. The general food safety provisions in Section
402 (a) of the 1938 Act declare an "added" food constituent
to be adulterated if it may render the food injurious to
health, and a natural food constituent to be adulterated
if the quantity of the substance in the food "ordinarily
render([s] it injurious to health."

The Food Additives Amendment of 1958 (U.S. Congress,
1958) was passed by Congress to require premarketing
approval of some, but not all, food ingredients. The 1958
Amendment defines the term "food additive" to include those
food ingredients (whether of natural or synthetic origin)
that are not (1) generally recognized as safe (GRAS) by
qualified experts, (2) approved by FDA or USDA for use in
food prior to 1958 (a "prior sanction"), or (3) within
other specified exemptions. Only "food additives" as so
defined are required to be approved for safety by FDA
prior to marketing. All other food ingredients may be
used without such premarketing approval. On the other
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hand, FDA retains regulatory authority over GRAS and prior-
sanctioned food ingredients under the general safety pro-
visions in Section 402(a) of the 1938 Act.

Shortly after enactment of the 1958 Amendment, FDA
issued a list of food ingredients it regarded as GRAS, and
thus not food additives. As a result of the cyclamate ban
in 1969, FDA began a reevaluation of this so-called GRAS
list. Committees of the Food and Nutrition Board have
undertaken surveys of the manner and level of use of GRAS
food ingredients (FNB, 1972b, 1979). The Select Committee
on GRAS Substances (SCOGS) of the Federation of American
Societies for Experimental Biology (FASEB), under contract
with FDA, agreed to evaluate the risk involved in use of
these GRAS substances. SCOGS submits a report to FDA on
each substance reviewed, expressing the judgments of the
experts who serve on SCOGS on the degree of risk presented
by the substance, stated in the form of one of the follow-
ing four conclusions:

® There is no evidence in the available information on
that demonstrates or suggests reason-
able grounds to suspect a hazard to the public when it is
used at levels that are now current or that might reason-
ably be expected in the future.
® There is no evidence in the available information on
that demonstrates or suggests reason-
able grounds to suspect a hazard to the public when it is
used at levels that are now current and in the manner now
practiced. However, it is not possible to determine, with-
out additional data, whether a significant increase in con-
sumption would constitute a dietary hazard.
® While no evidence in the available information on
demonstrates a hazard to the public
when it is used at levels that are now current and in the
manner now practiced, uncertainties exist requiring that
additional studies should be conducted.
® The evidence on is insufficient
to determine that the adverse effects reported are not del-
eterious to the public health when it is used at levels
that are now current and in the manner now practiced.

For those few substances for which a scientific evaluation
of potential hazard cannot be made because of a serious
deficiency in relevant data, a fifth category has been
established:

® In view of the almost complete lack of biological
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studies, the Select Committee has insufficient data upon

which to evaluate the safety of as a
food ingredient.

The work of SCOGS is still in progress. By early 1980,
approximately 400 substances, involving approximately 120
chemicals and their analogues, had been reviewed by SCOGS
and reports submitted to FDA. FDA publishes these reports
in the Federal Register with proposed regulations deter-
mining whether the substance should retain its GRAS status,
be regulated as a food additive, be subject to appropriate
restrictions, or be banned entirely from use.

In addition to the GRAS review, FDA regulates food addi-
tives (i.e., those food ingredients that are not GRAS or
prior sanctioned) by evaluating their safety prior to
actual use in food. The manufacturer of a new food addi-
tive is required to submit to FDA a food additive petition
containing all relevant safety data. FDA may then approve
its use without restriction, approve it with restriction,
or disapprove it. A large number of food additives have
been approved by FDA for both direct and indirect uses
since the enactment of the 1958 Amendment. FDA has con-
sidered, but not yet undertaken, a program for a cyclic
review of all food additive regulations to make certain
that the status of previously approved food additives
remains justified.

Because the validity of the scientific testing conducted
on GRAS ingredients and food additives is critical to any
scientific review of these substances, FDA has issued stan-
dards governing the practices under which laboratories con-
duct such tests. FDA's good laboratory practices (GLP)
regulations were published in final form in December 1978
and became effective in June 1979 (DHEW, 1978). The stated
objective of these regulations is to assure "the high qual-
ity of non-clinical laboratory testing required to evaluate
the safety of regulated products."
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SUMMARY

Experimental studies in animals, supplemented when possible
by data from humans, are used to predict the risk to man
resulting from the use of food chemicals. The use of ani-
mals in toxicity testing is predicated on the principles
that effects in animals are applicable to man and that the
likelihood of detecting an injurious effect in animals is
enhanced by increasing the dose. The 2-year chronic test
remains the most reliable predictor of potential carcino-
genicity of food chemicals in man. Ideally, tests in
animal species are combined with clinical tests.and epide-
miological studies in man. ‘

A number of new procedures in chronic toxicity testing
are being developed. Studies of the metabolism of food
chemicals are increasingly required or recommended as part
of safety guidelines or industry protocols. They should
provide data for more reliable predictions of human re-
sponse to food chemicals. Genetic toxicology and toxico-
logical pharmacokinetics are recent additions to the
battery of toxicology tests. These and other short-term
tests are important tools for predicting risk in man and
are often used effectively in conjunction with the chronic
2-year tests. Most of the in vitro short-term tests for
carcinogenesis should not be used as the primary basis for
establishing or quantifying risk, as none have been shown
to have high predictive value in establishing human health
risk. Furthermore, to establish fixed lists of tests and
apply them routinely in risk assessment is unjustified--
this approach can lead to unnecessary expenditures of time
and effort, to failure to detect certain toxic effects,
and to unwarranted emphasis on the results even when their
applicability to man is unsubstantiated. Toxicity test-
ing sequences must remain flexible and investigators and
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regulators must be permitted to exercise scientific judg-
ment in applying them.

Numerous difficulties remain. It is not yet possible
to predict effects of multiple chemical agents; tests must
still be done with the chemical mixture in question. The
scientific basis for predicting validity of testing proto-
cols designed to detect damage to reproductive systems and
induction of teratogenic effects requires additional re-
search. These evaluations should be expanded beyond cur-
rent protocols directed at effects visible at or after
birth to include in utero studies. Interactions of macro-
and micronutrients with nonnutritive constituents in the
diet often are not considered in toxicity tests. The use
of a high dose (such as a maximum tolerated dose) to
shorten response time is now being questioned, because it
may introduce effects peculiar to the high dose itself as
a consequence of overloading normal metabolic pathways
with additional and different sets of metabolites.

A number of principles are followed in the selection
of protocols for animal studies used for estimating risk
to man. The range of doses selected extends from below
the level at which no adverse effects are observed to the
level at which fatalities occur. Both acute or single
doses and chronic exposure are studied. More than one
animal species is used. Dose-response data are used to
predict risk, and the intensity of response is assumed to
correlate with dose rate. The question of whether or not
there is a "threshold dose," below which no response in
the development of cancer occurs, remains unresolved.

Conventional protocols have been developed only on a
limited number of species with a demonstrated sensitivity,
metabolism, and function similar to those in man. Avail-
ability, uniformity of strain, relatively short life span,
and appropriate size and cost make certain of these species
especially suitable. Development of tests incorporating
new species is encouraged. However, conventional proto-
cols are often preferred for evaluating risk because a
large data base already exists. As improved methods in
genetic toxicology, teratology, neurotoxicology, and in
vitro systems are validated, they should be incorporated
into or replace current conventional methodologies.

In the event an effect potentially deleterious to man
is observed in animals, a maximum acceptable level of
intake for man may be estimated. This level is based on
the maximum dose for which no adverse effects were observed
in animals, to which an uncertainty factor or risk extrapo-
lation method is then applied. The acceptable level for
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man ranges from 1/10 to 1/1,000 of the no-effect level
observed in animals; it varies with the kind and amount

of data available on.animals and human exposure to similar
or identical materials naturally occurring in foods. There
is always some uncertainty in extrapolating data from one
species to another. Risk evaluations are usually performed
on healthy adult animals on nutritionally adequate diets.
Research is needed to extend the data from such protocols
to more aberrant situations.

Adverse effects may escape detection when studies or
observations are done on man, if these effects are subtle,
rare, or slow in developing. Studies on man are limited
by ethical considerations and hampered by the fact that
the studies last less than life span, are performed on a
limited number of subjects and subject categories, and
are limited as to number of tests and doses. Therefore,
well-designed life-span toxicity tests on relatively short-
lived animals can give more information for prediction of
risk in man than can tests of similar duration in man.

This does not imply, however, that tests in man should
not be done whenever feasible.

In conclusion, each protocol or guideline has its own
unique set of assets and problems. Tests used in the past
have largely been validated, but there are limitations to
each. New tests should be introduced into the existing
system with care and only after they are validated. Reli-
able tests must not be replaced by less reliable ones.
Value judgment remains of great importance.

Complete absence of risk (absolute safety) for man from
use of any chemical substance cannot be assured. What
must be accepted is a balance between a low level of risk
and the beneficial effects of a food chemical. In assess-
ing risk there must also be a balance between the effort
expended in evaluating risk and the consequences of failure
to detect an effect.
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APPENDIX:
DEFINITION OF TERMS

The following terms are often encountered in discussions
and in the literature relative to the evaluation of food
chemicals. These terms as defined by the Committee are:

Food Chemical: A substance or a mixture of substances,
other than a basic foodstuff, that is intentionally
added to a food as a result of any aspect of production,
processing, storage, or packaging. The definition ex-
cludes chance contaminants.

Toxicity: The capacity to produce adverse effects in a
biological system when a substance is injected, inhaled,
absorbed, ingested, or produced within the body. Toxic-
ity is quantifiable in terms of the dosage or dosage
rates that produce adverse effects in a sample popula-
tion of test organisms.

LDgy (Lethal Dose 50): The dosage calculated from a dose-
response curve to kill 50 percent of the exposed population

No-Observed-Adverse-Effect Level (NOAEL): The dose level
at which no adverse effects in structure, function, or
behavior are observed

Mutagen: An agent which produces expressable and heritable
changes in genetic material

Teratogen: An agent that initiates in utero a deviation
of form, chemical content, or function resulting in
abnormality in the fetus or newborn

Carcinaogen: An agent that significantly increases the
incidence of malignant neoplasms in treated animals,
compared with untreated controls

Tumor or Neoplasm: A new growth of cells that may be
benign or malignant when evaluated by conventional his-
tological criteria and biological behavior. A tumorigen
is a chemical which produces a tumor.

Benign Neoplasm: A population of cells that exhibits a
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degree of autonomy, little or no cellular atypism, and
does not metastasize or invade normal tissues

Malignant Neoplasm: A population of cells that exhibits
variable degrees of cellular atypia and autonomy and
that metastasizes or invades and destroys normal tissues

Probability: An expression of the occurrence of an event
based on a defined distribution

Significance: The probability of the occurrence of an event
that is sufficiently above random to merit consideration

Risk: The probability that an adverse effect will occur
under specified conditions

Acceptable Risk: A risk that is judged by society to be
outweighed by corresponding benefits or one that is of
such degree that it is considered to pose no significant
potential for adverse effects

Hazard: The probability that an adverse effect will result
from use of a substance in the quantity and manner pro-
posed for its use

Safety: Previously defined as "the practical certainty
that injury will not result from the substance when used
in the quantity and in the manner proposed for its use"
(FNB, 1970). Since it is impossible to prove a negative,
safety is an absolute which cannot be demonstrated.

Metabolic Overloading: A dosing schedule that exceeds the
capacity of the normal metabolic pathways for a food
chemical

Tolerances: Acceptable limits of variability. The limits
are arbitrary decisions based on available evidence.

Uncertainty Factor: A term recommended to replace safety
factor: A number that reflects the degree or amount of
uncertainty that must be considered when experimental
data in animals are extrapolated to man (Safe Drinkin
Water Committee, 1977) :
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