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Summary—The relationship between chemical structure and toxicity was explored through the
compilation of a large reference database consisting of over 600 chemical substances tested for a variety
of endpoints resulting in over 2900 no-observed-effect levels (NOELSs). Each substance in the database
was classified into one of three structural classes using a decision tree approach. The resulting cumulative
distributions of NOELs for each of the structural classes differed significantly from one another,
supporting the contention that chemical structure defines toxicity. The database was used to derive a
threshold of acceptable human exposure for each of the structural classes that could be applied in the
absence of specific toxicity data on a substance within one of the three structural classes. The human
exposure thresholds provide guidance on the degree of testing and evaluation required for substances that

lack toxicity data. Copyright © 1996 Published by Elsevier Science Ltd

Introduction

Humans are exposed to thousands of chemicals over
a lifetime (Fishbein, 1980; Flamm, 1981; Koren,
1991; NRC, 1994). These exposures are incurred from
various sources ranging from the workplace to the
low amounts of synthetic and naturally occurring
substances present in the human environment and
food supply. It is neither humanly possible nor
necessary to test the toxicity of all these chemicals
with the same degree of rigour.

A question that confronts regulatory agencies and
international organizations is the extent of testing
that is required to ensure, with reasonable certainty,
that any given chemical to which humans are exposed
can be used safely. Intuitively, toxicologists tend to be
more concerned with substances having higher
human exposures and reactive functional groups than
with those substances not having these character-
istics; however, there have been only limited attempts
to integrate data on exposure and structure—activity
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Abbreviations: ADI = acceptable daily intake; JECFA =
Joint FAO/WHO Expert Committee on Food Additives;
LOEL = lowest-observed-effect level;, NOEL = no-
observed-effect level; NTP = National Toxicology
Program; SAR = structure—activity relationship.

relationships (SARs) into the risk assessment
paradigm.

One of the first attempts to introduce a sense of
priority into guidelines for testing chemicals based on
these concepts was that of the US Food and Drug
Administration (FDA). Using, in part, concepts
proposed by Cramer et al. (1978) concerning
presumed SARs, the FDA developed a procedure for
ranking food and colour additives in terms of the
extent of toxicity testing required. In the FDA
‘Redbook’ (FDA, 1982), which outlined require-
ments for testing of food and colour additives,
knowledge of exposure was coupled with information
on structure (and presumed SARs) to rank chemicals
into various concern levels. Those substances of
highest ‘concern’ were recommended for more
extensive testing than those of lowest ‘concern’. The
concept that structure and exposure provide guidance
on the degree of testing required has been embodied
in toxicity testing guidelines emanating from other
national and international organizations (FDA, 1993;
Health and Welfare Canada, 1986, NRC, 1983 and
1994; OECD, 1993; WHO, 1967, 1978, 1987 and
1990). It is also in keeping with the long-standing
principle that resources should be directed towards
the testing and evaluation of those substances with
the greatest potential to produce human risk and
away from those with a low potential for risk.

0278-6915/96/$15.00 + 0.00 © 1996 Published by Elsevier Science Ltd. All rights reserved. Printed in Great Britain

PI10278-6915(96)00049-X



830

One of the practical problems in regulatory
toxicology is defining when exposure to a substance
of known structure is so low as to be of little or no
toxicological significance, thus precluding the need
for the usual degree of testing or evaluation. The
concept that there is a level of exposure for all
chemicals below which there is no significant risk is
widely—and for non-carcinogenic endpoints, univer-
sally—accepted. It is also embodied in the practice of
establishing acceptable daily intakes (ADIs) for
chemicals and tolerable levels of adventitious
substances in air, food and water. Establishment of
ADIs is done with the virtual certainty that such
exposures will produce no appreciable health risk
(WHO, 1987). The FDA has recognized the de
minimus concept and has established a threshold of
regulation for indirect food additives (Federal
Register, 1995).

The idea of establishing a generalized human
exposure threshold for chemicals using historical data
from well-conducted toxicity studies is not a new one,
having been proposed initially by Frawley in 1967.
Frawley (1967) suggested the concept of establishing
a human exposure threshold for substances intended
for use as food-packaging materials using data from
multiple chronic rodent studies. He showed, on the
basis of studies conducted on several well-tested
substances (including food additives, industrial and
consumer chemicals and pesticides), that a generic
‘no-effect’ level could be established that could
preclude the need for toxicity studies and safety
evaluation. He constructed a reference database of
non-tumorigenic endpoints, using 220, 2-year rodents
studies, and presented the no-observed-effect levels
(NOELs) for all 220 compounds. Frawley (1967)
reported that, if he excluded heavy metals and
pesticides from the analysis, there was no compound
in the remaining database (except for acrylamide)
that showed evidence of chronic toxicity at dietary
concentrations of less than 100 ppm. Application of
a typical 100-fold safety factor to the 100 ppm
generalized NOEL would mean that humans could
safely consume any of the materials, provided that
the dietary concentration did not exceed 1 ppm.
Frawley (1967), noting that his database was
incomplete, proposed adding an additional safety
factor of 10 which would translate to a toxicologically
inconsequential human exposure level of 0.1 ppm in
the diet.

More recently, Rulis (1986) conducted an analysis
of the FDA’s Priority-Based Assessment of Food
Additives (PAFA) database containing 159 com-
pounds with subchronic or chronic toxicity data,
LDs, values from 18,000 oral rodent studies
contained in the Registry of Toxic Effects of
Chemical Substances (RTECS), and TDs, values for
130 compounds found in the carcinogen potency
database of Gold er al. (1984). Rulis (1986) came to
the same conclusion as Frawley (1967): essentially,
there is no risk of toxicity in rodents exposed to

1. C. Munro et al.

various chemical substances (except for some more
potent substances, such as pesticides and related
substances) at dietary exposures of less than 1 mg/kg
body weight/day or, in human terms, approximately
1-10 ug/kg body weight/day. depending on the safety
factor applied.

In addition to this work, Rulis (1986, 1989 and
1992) applied a probabilistic approach to the problem
of threshold of regulation for food-contact materials.
Rulis (1986) transformed the potencies (expressed as
TDs, values) of 343 orally administered carcinogens,
compiled by Gold et al. (1984), into a distribution of
exposures calculated to present a constant assumed
lifetime risk of one in 1,000,000. His analysis
indicated that it was highly probable that dietary
exposures to organic chemicals in the range of 50 ppt
would not present a carcinogenic risk to humans,
regardless of chemical structure, and therefore it was
not necessary to obtain animal toxicity data to
evaluate such exposures.

Munro (1990) re-analysed the data assessed by
Rulis (1986) using the same methodology, and also
applied this probabilistic approach to three alternate
data sets consisting of (1) carcinogens from the
updated database of Gold er al. (1989), (2) the
National Toxicology Program (NTP) carcinogens as
defined by Ashby and Tennant (1988) and Ashby
er al. (1989) and (3) carcinogens carefully selected
using conservative biological criteria. Overall, the
results of the reanalysis indicated that there is a low
probability that a dietary level of 1 ppb of a substance
of unknown toxicity would present a greater than one
in 1,000,000 risk of cancer.

As noted earlier, the FDA has recently established
a “threshold of regulation” for indirect food
additives of 0.5ppb total diet (Federal Register,
1995). This is equivalent to a daily intake of 1.5 ug,
assuming the consumption of 3000 g food and liquid.
The FDA has stated that this threshold of regulation
would be applied to indirect food additives that are
not known to be carcinogens and that do not contain
structural alerts indicative of carcinogenicity. Sub-
stances meeting the threshold of regulation criteria
would not require toxicological testing.

The work conducted by the FDA (Federal
Register, 1995), Frawley (1967), Rulis (1986, 1989
and 1992) and Munro (1990) is expanded on in this
paper through the compilation of a large database
consisting of over 600 reference substances from
which distributions of NOELs were derived. The
reference database presents the toxicity in terms of
NOELs for a wide variety of organic chemicals of
divergent structure, similar to the efforts of the
previous workers but, in this case, grouped into three
general classes based on chemical structure using the
decision tree of Cramer er al. (1978). This database
was used as a basis to derive a threshold of acceptable
exposure for each of the structural classes that can
be applied to substances lacking toxicity data.
The structural classification was based on the
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well-accepted tenet that inherent toxicity is dependent
on chemical structure.

Methods

Overall, the reference database consists of 613
organic substances representing a range of industrial
chemicals, pharmaceuticals, food substances and
environmental, agricultural and consumer chemicals
likely to be encountered in commerce. For many of
the substances, more than one NOEL was identified
from the literature, resulting from the fact that many
substances in the reference database were tested in
more than one species and sex and/or demonstrated
a range of endpoints suitable for establishing a
NOEL. This led, in some cases, to multiple NOELs
for individual substances. In all, the reference
database contains 2941 NOELs.

Compilation of the reference database

In compiling the reference database, emphasis was
placed on retrieving data from certain databases
known to contain well-validated toxicological end-
points for a series of well-defined chemical structures.
Four data sources were chosen to represent a variety
of chemical substances (e.g. pesticides, food additives,
industrial chemicals, etc.). These included the
National Toxicology Program (NTP) technical
reports (post-1984), the toxicological monographs
prepared by the Joint FAO/WHO Expert Committee
on Food Additives (JECFA), the Integrated Risk
Information System (IRIS) database, and the
Developmental and Reproductive Toxicology
(DART) database. No studies on organometallics,
inorganic substances, chemical mixtures, or non-
structurally defined substances (such as gums, resins,
oils, etc.) were included in the reference database.

Only studies with oral exposure were entered into
the database with the dosing method specified (i.e.
gavage, diet, drinking water or capsule) for each
study. The study types included those typically
conducted in toxicology, such as subchronic, chronic,
reproduction and teratology studies. Short-term and
acute studies were not included, since these were
considered not to be relevant to establishing chronic
NOELSs nor to be representative of other endpoints.
Emphasis was placed on obtaining data from chronic
studies. The database consisted mainly of studies in
rodents and rabbits. Initially, studies conducted in
other species, including humans, dogs and ferrets,
also were included in the reference database;
however, very few studies in these species were found
that met the established criteria. An evaluation of
randomly selected dog studies indicated that many
had too few animals per group to derive a statistically
valid NOEL. Moreover, for many dog studies, a
common endpoint was reduced body weight and/or
food consumption which was judged to be due, in
many cases, either to palatability problems with the

diet or to vomiting. In addition, most studies in dogs
and other non-rodent species were simply too short
in duration to be classified as chronic studies.

Although the intent was to develop a database
consisting mainly of NOELs from chronic studies, in
many cases, the lowest and thus most conservative
NOEL for a substance came from a subchronic study.
In order to group NOELs for substances with only
subchronic studies with those with chronic studies to
derive the cumulative distribution of NOELs,
subchronic NOELs were divided by a factor of three
to approximate the most likely NOEL that would
be derived from a chronic study. This conversion
factor is based on research defining the relationship
between subchronic and chronic NOELs. Weil and
McCollister (1963) compared 3-month NOELs with
2-year NOELSs for 33 different substances (including
pharmaceuticals, pesticides and food additives) fed to
rats. They found that for most of the compounds
(30), the ratio of the NOELSs between subchronic and
chronic studies was 5 or less and more than half of
the compounds had a ratio equal to 2 or less. More
recently, it has been determined through further
analysis of more chemical substances that a more
accurate adjustment factor for extrapolating NOELs
derived from subchronic studies to chronic was
between 2 and 3 (Beck et al., 1993; Lewis et al., 1990;
McNamara, 1976; M. Dourson, personal communi-
cation). The data entered into the reference database
included the name of the chemical, Chemical
Abstracts Service Registry Numbers (CAS No.),
structural classification as assessed using the decision
tree of Cramer et al. (1978) (as discussed below),
species, sex, route of administration, dose levels
tested, study type, duration, endpoints reported,
lowest-observed-effect level (LOEL), NOEL and
references.

A further criterion for inclusion in the database
was that a study had to have a demonstrated LOEL
as well as a NOEL, thus ensuring that the study was
rigorous enough to detect toxic effects. In some
instances, however, NOELs were included for studies
expected not to demonstrate a LOEL since these were
substances, such as major food ingredients, that were
without toxicity at the highest dose tested in
well-conducted studies. In these cases, the NOEL was
conservatively chosen as the highest dose tested. It
should be noted that the inclusion of such substances
in the database would not bias the database in
favour of higher NOELs since the true NOEL for
such substances probably would exceed the NOEL
established from the available studies.

In an effort to be conservative in the construction
of the reference database, NOELs selected by the
author(s) of each study were used, even though in
some cases authors tended to be highly conservative
in the interpretation of their data. In some instances,
it was found that the stated NOEL may have been
based on a misjudgement of an adverse effect by the
author (e.g. physiological v. toxicological effects) or
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on artefactual effects (e.g. foetal toxicity as a result of
maternal toxicity). An example of this is isopropyl
alcohol, which has been reported to produce
teratogenic effects at very low doses (0.018 mg/kg
body weight) in one study; however, its structure,
known metabolism and other toxicological data
provide no evidence for concluding teratogenicity.
Even though, scientifically, some of these author-de-
rived NOELs were not thoroughly substantiated,
they were included in the reference database, thereby
increasing the degree of its conservative nature.
NOEL:s selected by the US Environmental Protection
Agency for the IRIS database were entered without
further review.

For each of the 613 substances, the most
conservative NOEL was selected, based on the most
sensitive species, sex and endpoint.

Relating structure to toxicity

It is a well-known and basic precept of chemistry
that properties of a substance, including its inherent
toxicity, are determined by its chemical structure.
Thus, in theory, the toxicity of a substance could be
predicted completely from its structure. In practice,
however, this is complicated by the complexities of
biological systems. Although the structure and
resulting chemical reactivity may be well known, it is
far more difficult to predict how a molecule may react
with biological molecules through active binding
sites, direct chemical reactions, or interactions with
enzymes that may convert the molecule into another
structure. Additionally, it is necessary to know the
quantitative aspects of the biological interactions—
including the concentration of the chemical at the site
of interaction, the biological molecule with which it
is interacting, any catalysts or enzymes that may
affect the interaction, and any other part of the
chemical environment such as pH that may affect the
interaction. Furthermore, it is necessary to know the
kinetics of transport of the molecule to and from the
reaction site, the kinetics of the interaction itself, and
the kinetics of removal of the metabolites and
transformed biochemicals. Taking all this together, a
complicated picture emerges. Nevertheless, an empir-
ical examination of large bodies of data on defined
chemicals often results in the emergence of rational
patterns of biological activity associated with
particular chemical structures. Although these pat-
terns may be difficult to condense into a set of rules
clearly differentiating various chemical classes, the
patterns can be characterized to categorize substances
that fall into general classes. This exercise can be
made more successful if the rules are developed with
consideration of metabolic patterns and chemical
reactivity and even intuitive considerations such as
wide natural occurrence in the food supply.

Even the most conservative of toxicologists make
generalized judgements resulting in structural group-
ings based on their experience (e.g. concerns
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regarding persistent, bioaccumulative chlorinated
organic chemicals). On the other hand, some
chemical structures are considered so innocuous as to
allow JECFA to establish an ADI not specified, even
in the absence of any classical toxicity studies—as
was done for the fatty acid octanoic acid, based on
its known natural occurrence in the body as well as
in the food supply and its well-characterized
metabolic fate (JECFA, 1986).

While the work of Frawley, Rulis and others
clearly provides the framework for establishing
thresholds for chemicals in general, it is recognized
that correlation of structural class with potential
toxicity is of fundamental importance in further
extending the concept of toxicological threshold.
Several methods have been proposed for using
chemical structure to group substances according to
their probable toxicity. For example, the efforts of
Ashby and others to develop structural alerts for
carcinogenicity and mutagenicity (Ashby, 1985 and
1994; Ashby and Paton, 1993; Ashby and Tennant,
1991; Tennant and Ashby, 1991) are well known but
have a narrowly focused endpoint. Perhaps the best
known attempt at a broader classification is the
FDA’s so-called Redbook structure category assign-
ments (FDA, 1982), in which various substructures
were assigned to one of three structural categories
depending on presumed toxic potential. One of the
most comprehensive efforts at correlation of structure
with toxic potential is the decision tree approach of
Cramer et al. (1978), in which a series of 33
questions—primarily about the structure but, in some
cases, about other properties, such as propensity for
hydrolysis and physiological occurrence—lead to one
of three classes reflecting a presumption of low,
moderate or serious toxicity.

All three of these methods have in common the fact
that they deal only with defined organic chemicals
and their salts and they are very conservative in their
classification. For example, the mere occurrence of an
aldehyde group in the Ashby classification is an alert
for possible carcinogenicity or mutagenicity, even
though it is known that aldehydes are rapidly
detoxified in vivo. Similarly, both the Redbook and
the decision tree classify all halogenated compounds
in the most toxic category, although it is well known
that some substances in this class have very low
toxicity.

If these methods are truly discriminatory, it should
be possible to use them to classify chemicals to
produce separate groups of substances with clearly
differing NOELs. Therefore, an effort was made to
classify all substances in the reference database by
chemical structure type using each of the three
methods. The method of Ashby et al. (1989) quickly
proved not to be very useful in this context because
of its narrowly focused endpoints—carcinogenicity
and mutagenicity-—which are endpoints not included
in this database. On the other hand, it was possible
to classify all materials according to the FDA
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Redbook. However, the over-conservative approach
of this method became apparent when only one of the
613 substances in the reference database came out in
the class of lowest presumed toxicity and 15 were in
the intermediate class.

Classification by the decision tree method of
Cramer et al. (1978) proved to be much more
discriminatory, with 137 chemicals falling into the
presumptively least toxic class (Class I), 28 into the
intermediate class (Class II) and 448 into the
presumptively most toxic class (Class III; see
Table 1). The fact that there are far more substances
in Class IH than in Class I or II, reflects partially the
conservative nature of this method, but also reflects
the fact that the substances that toxicologists or
regulators have chosen for the rather extensive testing
required to meet the criteria necessary for inclusion
in this database, were in many cases chosen at least
in part on the basis of some suspicion arising from
chemical structure.

The decision tree method was based on toxicologi-
cal data then available and used a series of 33
questions, each leading either to another question or
to classification into one of the three classes of
presumptive toxicity. These questions were primarily
based on chemical structure. Natural occurrence in
bodily tissues or fluids, and natural occurrence in
traditional foods, were also considered. The logic of
the tree relies primarily on knowledge of common
metabolic pathways. The three classes of substances
are defined as follows:

Class I Substances of simple chemical struc-
ture and efficient modes of metab-
olism that would suggest a low order
of oral toxicity (e.g. L-glutamic acid,

mannitol or propylene glycol).

Class II Substances that are in a structural
class in which there is less knowledge
of the metabolism, pharmacology
and toxicology, but for which there is
no clear indication of toxicity (e.g. -
carotene, diallyl phthalate or maltol).
Most substances in Class IT belong to
either of two categories; one includes
substances with functional groups
that are similar to, but somewhat
more reactive than functional groups
in Class I (e.g. allyl and alkyne); the
other includes substances with more
complex structures than substances
in Class I, but that are common
components of food.

Table 1. Number of reference database substances in each Cramer
et al. (1978) structural class

Structural class No. of chemicals
I 137
11 28
III 448

Class 111 Substances of a chemical structure
that permit no strong initial presump-
tion of safety, or that may even
suggest significant toxicity (e.g. aceto-
nitrile, 2,4-dinitrotoluene, chloroben-

zene or p-aminophenol).

Data analysis

On the basis of a graphical examination of the
data, the logarithms of the 613 most conservative
NOELs appeared to follow a normal distribution
more closely than did the original NOELs. In order
to examine the effect of structural class on toxicity,
the distributions of the logarithms of NOELs were
plotted separately for each Cramer e: al. (1978)
structural class. Because these distributions were only
approximately normal, the distribution of NOELSs for
the entire reference database and the distributions of
the NOELSs for each structural class were treated both
non-parametrically and parametrically. To evaluate
differences among these distributions, pairwise
comparisons among the empirical distributions of
NOELs for each of the three classes of compounds
were done using the Kolmogorov-Smirnov test (Press
et al., 1992).

Calculation of human exposure thresholds

A human exposure threshold was calculated from
the respective distribution of NOELs for each of the
structural classes. To accomplish this, the fifth
percentile NOEL was calculated for each structural
class and this in turn was converted through the
application of a safety factor to a human exposure
threshold. The fifth percentile NOEL was chosen
because this value would provide 95% confidence
that the NOEL of any other substance in the same
structural class but of unknown toxicity would not
have a NOEL less than that at the fifth percentile. In
converting the fifth percentile NOELs to human
exposure thresholds for the three structural classes, a
100-fold safety factor was used, since such a factor
would inherently be applied in establishing safe
intake levels for the substances comprising the
database. The use of a 100-fold factor provides a
substantive margin of safety, since the human
exposure thresholds are based on a large database of
approximately 613 compounds with good supporting
toxicological data. Furthermore, fifth percentile
NOELs were used to calculate the thresholds,
providing a more conservative figure than the 50th
percentile. Thus, it is believed that a 100-fold safety
factor provides a reasonable margin of safety in
translating the results of analysis of the reference
database to humans.

Results

The cumulative distribution of the 613 most
conservative NOELs derived from the reference
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Fig. 1. Cumulative distribution of the most conservative
NOELs for compounds in the reference database ({1,
percentiles; — fitted lognormal distribution).

database is shown in Fig. 1. The data points reflect
the empirical distribution of NOELs. The fitted
lognormal distribution used to describe the data set
parametrically appeared to fit the data reasonably
well. On the basis of the fitted lognormal distribution
of NOELs it was found that 95% of the 613
compounds in the database had NOELs greater than
0.22 mg/kg body weight/day (i.e. the fifth percentile).

Figure 2 presents the cumulative distributions of
NOELs of substances in the reference database
separated into Cramer et al. (1978) structural classes
I, IT and III. As can be seen from Fig. 2, there is a
clear effect of structure on toxicity, as indicated by
the distinct separation of the cumulative distributions
for each of the three structural classes. The three
distributions were found to differ significantly (Class
I v. Class II and Class I v. Class III, P < 0.05; Class
II v. Class III, P < 0.10). The 50th percentiles of the
distributions were 116, 26 and 9mg/kg body
weight/day, for structural classes I, II and III,
respectively.
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Fig. 2. Cumulative distribution of the most conservative
NOELs for compounds in the reference database grouped
into Cramer et al. (1978) structural classes I, IT and III ([,
class I percentiles; O, class II percentiles; A, class IIT
percentiles; — fitted lognormal distribution).
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Using the lognormal distributions fit to the data for
each structural class, estimates of the fifth percentiles
of the distributions of NOELs were 3.0, 0.91 and
0.15 mg/kg body weight/day for classes I, II and I,
respectively. Because the logarithms of the NOELs
for these classes exhibited some evidence of
non-normality, the fifth percentile was also estimated
non-parametrically. The non-parametric estimates
(3.3, 1.6 and 0.12 mg/kg body weight/day for classes
I, IT and III, respectively) were close to, or somewhat
greater than, the parametric estimates. Consequently,
the parametric estimates, which tended to be more
conservative overall, were used to calculate the
human exposure thresholds for each of the structural
classes.

The calculated human exposure thresholds for each
structural class are shown in Table 2. Clearly, other
human exposure thresholds could be calculated,
depending on the degree of conservatism deemed
appropriate. It should be noted that within structural
class III, for example, there are 24/448 substances
with NOELSs below the fifth percentile and the safety
factors, relative to the human exposure threshold of
0.09 mg/day for this group of 24 substances, ranged
from about three to 90. An alternative would be to
use the first percentile to calculate the human
exposure threshold (yielding a human exposure
threshold of 0.02 mg/day for structural class III).
Then only 8/448 substances would have NOELs
below the first percentile and safety factors for these
compounds would range from 15 to 90.

Discussion

Analysis of this large database provides evidence
that there is a less than 5% probability that
toxicological studies of any other substance not
included in the database would result in a NOEL
lower than the fifth percentile NOEL of 0.22 mg/kg
body weight for the entire database. This is a useful
concept in determining priorities for testing as well as
for regulation. Moreover, it provides the basis for an
argument that, with appropriate safety factors, a
threshold can be established and, if human exposure
to a substance is below that threshold, the substance
can be judged, with reasonable confidence, to present
a low probability of risk regardless of structure, even
if there are no toxicological data available.

More importantly, this database demonstrates that
if substances are grouped logically and with proper
consideration of structure, metabolism, physiological
occurrence, etc., a range of thresholds can be
generated for certain structural classes. Although this
is a concept that has long been used intuitively by
toxicologists, this database provides the first firm
support for that intuition and a method for
determination of specific values for the various
thresholds. With regard to the thousands of
chemicals to which humans are exposed in a lifetime,
the great majority of which have little or no
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Table 2. Fifth percentile NOELs and human exposure thresholds for each Cramer (1978)
structural class

Fifth percentile NOEL

Human exposure threshold

Structural class (mg/kg body weight/day) (mg/day)*
I 3.0 1.8
11 0.91 0.54
451 0.15 0.09

*The human exposure threshold was calculated by multiplying the fifth percentile NOEL by
60 (assuming an individual weighs 60 kg) and dividing by a safety factor of 100, as

discussed in the text.

toxicological data, this database should give confi-
dence that the majority of the substances to which we
are exposed in trace amounts do not present a
significant potential risk. It would, at the same time,
allow the scientific community to focus its resources
on those substances for which additional data are
clearly necessary. Moreover, it provides a reasonable
alternative to the need for extensive animal testing of
substances with innocuous structures and trivial
exposures.

The selection of the fifth percentile NOEL as
opposed to the first percentile NOEL was considered
to be reasonabie for several reasons. First, the criteria
used to select the NOELs were very strict and
designed to err on the side of conservatism; thus, the
NOELs in the database are considered to be
conservative. In addition, the substances in the
database were, for the most part, extensively tested
for a variety of endpoints and thus the lowest NOEL
for each substance in the reference database would be
unlikely to be reduced through further testing.
Secondly, in developing a threshold of regulation for
carcinogenic substances, Rulis (1986) selected a
threshold corresponding to the 15th percentile of the
distribution of 107 risks for carcinogens in the Gold
et al. (1984) database; in the present study the more
conservative fifth percentile values were chosen.
Thirdly, the 24/448 structural class III compounds
that fell below the fifth percentile were pesticides,
drugs or industrial chemicals; none was a food
additive or commonly used food ingredient. Only
8/448 compounds in structural class III fell below the
first percentile of the distribution of NOELs,
corresponding to a safety margin of 15-90-fold of the
human exposure threshold for that class. In
comparison, the safety margin for those compounds
below the fifth percentile ranged from 3 to 90.
Therefore, use of the first percentile rather than the
fifth percentile may reduce the number of compounds
falling below the threshold; however, the margin of
safety between the threshold and the NOEL is not
substantially altered.

It is recognized that the human exposure
thresholds for each of the structural classes derived
from this study (see Table 2) are considerably higher
than the intake of 1.5 ug/day calculated from the
0.5 ppb threshold of regulation indicated in the FDA
ruling for food-packaging materials. The FDA has
indicated, on the basis of an analysis of the
distribution of one in 1,000,000 risks from the Gold

database of carcinogens, that an exposure to an
indirect food additive of unknown toxicity at a
dietary level of 0.5 ppb or less would not present an
unacceptable risk, even if it were later found to be a
carcinogen (Federal Register, 1995). The human
exposure thresholds presented here are intended to
apply to chemically-defined substances for which
there is no presumption of genotoxic carcinogenicity.
Otherwise, the 1.5 ug/day threshold may be a more
appropriate value.

In conclusion, the proposed approach takes
advantage of knowledge of the relationship between
structure and toxicity and incorporates this into the
proposed threshold values. This study shows that
structural class has an important bearing on toxicity.
Such information should be incorporated in regulat-
ory proposals which are aimed at establishing
priorities for, and extent of, testing and evaluation of
chemical substances.
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