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Summary—Safety evaluation is caught in a frustrating circle. It is neither possible nor sensible to
try to obtain the information needed to assess every imaginable toxic risk associated with every sub-
stance, and pursuit of greater safety therefore demands the setting of priorities as well as sensible
limits for investigation. To do this with confidence requires possessing the very information that is
lacking and that can be won only slowly on a few substances at a time, with significant uncertainty
and at considerable cost. This requires priorities, and completes the circle of frustration. Individual
toxicologists deal with this problem by using ‘experience’, a personal synthesis of accumulated know-
ledge of structure-activity relationships, metabolic mechanisms, chemical reactivity, human exposure
and other relevant information. Such expert judgement is often very effective in distinguishing potential
risks worth pursuing from problems on which effort would be wasted but, because it is usually so
inexplicit and subjective, it is seldom able to invoke the public confidence most decisions now require.

This paper proposes a procedure for making a significant part of this procesg rational, public and
explicit. It uses much currently available toxicological data to validate the procedure, which consists
of a ‘decision tree’ of 33 questions, each answered ‘yes’ or ‘no’. Each answer leads to another question
or to final classification into one of three classes (I, IT and III) refiecting a presumption of low, moderate
or serious toxicity. The tree is organized into branches dealing with major chemical classifications
and is intended for use with all ingested, structurally defined organic and metallo-organic substances.
Answering the questions requires chemical or biochemical training, and relies primarily on features
of chemical structure. Occurrence in body tissues and fluids, and natural occurrence in food are also
involved. The logic of the tree rests heavily on known data on metabolism and toxicity. The classifica-
tion according to presumptive toxicity can be combined with knowledge of human intake to provide
for each substance a ‘protection index’, which can be used to establish priorities and to define tentatively
the extent of appropriate testing. The procedure has been applied to a large number of pesticides,
drugs, food additives and industrial and environmental chemicals of known biological properties. So
far it has not resulted in any underestimation of toxicity, and it appears to provide a practical means
for discriminating effectively among different levels of probable hazard.

Background

Never since toxicology first emerged as a distinct
field of applied science have the resources within the
field been adequate to meet the increasing demands
made on them. In part, this has been due simply to
the advance of all science (Price & Desolla, 1969).
W. G. Galetto (personal communication 1977) has
pointed out that a count of the number of both
chemical abstracts and biological abstracts between
1906 and 1976 shows an exponential growth with a
doubling period of about 12 years. Biological
Abstracts published 1,498,000 items in 1965 and about
3,000,000 in 1977. Once well-established, conclusions
seldom remain undisturbed for long.

Toxicology, however, bears a double burden. We
demand ever greater safety in an environment that
many people fear—not necessarily correctly—is in-
creasingly hazardous. At the same time, the notably
rapid advance of analytical chemistry has continued
to alert us to the presence of previously unsuspected
toxicants and to a host of substances we have not yet
begun to evaluate. It is clear even to a casual observer
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that the sensitivity and precision of analytical chemis-
try are far ahead of toxicology. Even less happily,
toxicologists find it far easier to produce an adverse
effect in laboratory animals than to interpret with
assurance the meaning of such an effect for human
safety. .

Our response to this situation has customarily been
simply to demand more testing on virtually every sub-
stance that has recently been evaluated. No one
denies that we would be better off with more data.
Our universal problem has been that the demand for
data has grown faster than the supply. The recent
passage of the Toxic Substances Control Act merely
carries this trend further. At least several million dol-
lars, in each case, have been spent on toxicological
work on cyclamates, on saccharin, on Red No. 2 and
on monosodium glutamate. Yet it is clear, at least
in the minds of some, that from a regulatory stand-
point the safety of these long-used ingredients is far
from well established. Obviously, we cannot devote
to every substance of present or potential interest
even a fraction of this kind of effort.
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This suggests some rational establishment of priori-
ties, as a guide to the sequence, scope and intensity
of investigative effort. This has several times been
urged, but usually in the general terms of looking
first at those substances whose structure or known
biological effects raise questions, and then at the
substances used in largest quantity (Joint FAO/WHO
Expert Committee on Food Additives, 1976 Panel
on Chemicals and Health, 1973; Select Committeé on
Flavor Evaluation Criteria, 1976). This is rational as
far as it goes, but it is an extremely coarse screen,
which fails to differentiate at all among less serious
sources of potential hazard. By missing this oppor-
tunity, it leads either to the disregard of hazards of
low or intermediate degree or to the unnecessary
expenditure of effort on the trivial as well as the more
significant.

We require therefore a preliminary assessment of
probable risk—not as a substitute for data but as
a guide to the priority and scope of the effort required
to acquire more information. This paper attempts to
suggest how information on intake currently or
potentially available can be combined with a prelimi-
nary assessment of probable toxicity to provide such
a guide.

We are aware of a recent publication proposing
a system for selecting and defining priorities for
chemicals that may present environmental hazards
(Arthur D. Little, Inc.,, 1977). While that publication
differs markedly from our paper in its scope, objec-
tives and content, it approaches many of the same
considerations with parallel concepts and language.

Toxicity has been defined as “the capacity of a sub-
stance to produce injury” and hazard as “the prob-
ability that injury will result from the use of a sub-
stance in a proposed quantity and manner” (Food
Protection Committee, 1970). The primary consider-
ation is quantity—I{or ingested substances, intake.
Safety (the inverse of hazard) “is the practical cer-
tainty that injury will not result from the substance
when used in the quantity and in the manner pro-
posed for its use” (Food Protection Committee, 1970).

Assessment of risk, therefore, has two principal
components: exposure and toxicity. There are other
important considerations, including variation in indi-
vidual susceptibility and the possibilities of synergistic
or antagonistic effects, but in a preliminary assess-
ment of the safety of ingested materials, intake and
toxicity are paramount.

Estimates of intake of the chemical substances
found naturally or introduced intentionally into food
are available or potentially available largely because
of the work of several agencies and organizations
combined in the reports of the Subcommittee on
Review of the GRAS List—Phase II (1972) of the
National Academy of Sciences. Estimates of indirect-
additive intakes are more difficult. The market-basket
survey of the Food and Drug Administration pro-
vides actual data on pesticide residues (Food and
Drug Administration Bureau of Foods, 1977). Pack-
aging component intakes can sometimes be estimated
from extraction studies that simulate ‘worst cases’. In-
takes from over-the-counter drugs are less readily
available but those from prescription drugs are more
closely controlled, although not necessarily known.

Toxicologists and pharmacologists customarily
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make preliminary judgements of probable biological
effects, most commonly in deciding what substances
to test and what effects to anticipate. Such judgements
are based on knowledge or assumptions concerning
structure—activity relationships and metabolic fate, as
well as on presumptions that may be drawn from the
occurrence of a substance in food or in body tissues
and fluids. While recognizing that generalizations are
difficult, and at times incorrect. we cannot avoid mak-
ing them if we are to choose sensibly what to work
on first and how far to go. What has been lacking is
a systematic coding of these distinctions. or at least
of those so commonly used that they might reasonably
be expected to enjoy wide applicability and support.

This paper is a proposal in the direction of such
a coding. By the use of a ‘decision tree’., it seeks unam-
biguously to classify every structurally defined
organic or metallo-organic chemical by criteria that
are based largely on structure or on widely known
facts of biochemistry and physiological chemistry. It
excludes polymers because they are not structurally
defined in terms of chain length, molecular weight
and cross-linking. It is concerned only with oral toxi-
city. It results in the placing of every such substance
into one of three classes representing an estimate of
toxic threat.

The tree is organized into branches, each of which
deals with a broad class of compounds. Some ques-
tions are ‘sorting’ questions, which determine the
branch to be followed. All questions lead either to
another question or to a final classification. A number
of terminal questions deal with aspects common to
several classes of compounds and are therefore found
at several branch ends. Readers may find the sum-
mary flow diagram (Fig. 1), suggested by Dr. B. L.
Oser, helpful in viewing the organization and use of
the tree. When one combines such an estimate of
toxic threat with an estimate, or observation, of expo-
sure, one may obtain the kind of preliminary assess-
ment of probable risk that we are seeking. In the
discussion section, we pursue such an assessment.

Class I substances are those with structures and
related data suggesting a low order of oral toxicity.
If combined with low human exposure, they should
enjoy an extremely low priority for investigation. The
criteria for adequate evidence of safety would also
be minimal. Greater exposures would require propor-
tionately higher priority for more exhaustive study.

Class III substances are those that permit no strong
initial presumptions of safety, or that may even sug-
gest significant toxicity. They thus deserve the highest
priority for investigation. Particularly when per capita
intake is high or a significant subsection of the popu-
lation has a high intake, the implied hazard would
then require the most extensive evidence for safety-in-
use.

Class II substances are simply intermediate. They
are less clearly innocuous than those of class I, but
do not offer the basis either of the positive indication
of toxicity or of the lack of knowledge characteristic
of those in class III.

A similar classification, but differently derived, has
been used in the safety evaluation of flavourings (Oser
& Hall, 1977). While the system outlined here is more
broadly based, encompassing most ingested sub-
stances, the two classifications are wholly compatible.
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Fig. 1. A schematic diagram of a decision tree for the estimation of probable toxicity. Assessors should
(a) start with question 1, (b) proceed by ‘no’ « or  ‘yes’, {c) move from any underscored number
encountered to same circled number and (d) proceed to final classes I, II or III. Working downwards
through the tree, the symbols designate the following groupings: biological normality (@ @ @), high
and low toxicity (@-@-@); heterocyclics (——); terpenoids (----); aliphatics (-O-O-0); aromatics

(~O-@-0); alicyclics (-—-).

Definitions for use with the decision tree

The use of this decision tree and these definitions
presupposes a working familiarity with organic chem-
istry, biochemistry and food chemistry. Even indivi-
duals with a broad knowledge in these areas will find
it useful to consult references such as the Merck Index
(1976) and the ‘Weurman Report’ (Central Institute
for Nutrition and Food Research TNO, 1973), for
detailed information on natural occurrence in food,
and Hawk’s Physiological Chemistry (Oser, 1965).

Users should review these definitions carefully and
refer to them frequently. Because they are fashioned
to serve the needs of this paper, they differ in several
minor, but important, respects from the meanings
commonly attributed to these words and phrases. Ita-
licized key words used in the procedure (pp.
258-263) are followed by a letter, in paren-
thesis, referring to the following definitions:

(A) Aliphatic includes olefinic and polyolefinic, but not

acetylenic or alicyclic compounds.

(B) Aromatic means that the substance has at least one

benzene, furan, thiophene, pyridine or pyrrole ring, how-

ever substituted and whether or not it is fused to another
ring.

(C)gC0mmon component of food. In something as diverse,

changing and occasionally uncertain as natural occur-

rence, it is only possible to define a guideline, not a
firm rule. For this decision tree, the term common com-
ponent of food denotes a substance that has been
reported in the recognized literature as occurring in sig-
nificant quantity (approximately 50 ppm or more) in at
least one major food, or in trace quantities at the ppm
level or less in several foods, including minor or less
frequently consumed foods. The latter include spices,
herbs and ethnic specialities. This definition excludes
natural or man-made contaminants, and hormones.
(D) Common terpene means an isoprenoid. compound
(carbon skeleton made up of two or more 5-carbon iso-
prene units), reported in the literature as a more than
trace constituent of two or more generally consumed
foods, either raw or as ordinarily prepared for consump-
tion, without added ingredients. .

(E) Functional group is a portion (sometimes called a
radical) of an organic molecule consisting of a combina-
tion of atoms of two or more elements (at least one
of which is not hydrogen or carbon) and causing the
molecule to exhibit a characteristic set of reactions. For
the purpose of this classification this definition excludes
carbon-carbon double bonds and aromatic rings.

(F) Normal constituent of the body means any systemic
constituent present at a normal physiological level,
whether free or combined, except hormones. This in-
cludes essential nutrients and major food constituents
and the physiologically normal metabolites of each. It
excludes transitory substances present only as a result
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of (a) trace constituents of food, (b) gut contents or (c)
products of the actions of the gut flora.
(G) Open chain means the absence of any ring structure.
(H) Readily hydrolysed means known to be or, in the
absence of any contra-indication based on structure.
assumed to be hydrolysed either during food prep-
aration or by physiological processes after consumption.
(1) Simply branched means branched at C-C bonds, with
branches of two or more C atoms, at not more than
two points along the main chain, with no secondary
branching. Multiple branching, consisting only of 1-car-
bon moieties, falls within this definition of simply
branched.
(J) Sterically hindered means posing steric hindrance to
a functional group equivalent to or greater than that
exhibited by o-tert-butyl or 2,6-disubstitution on an aro-
matic ring.
(K) Structurally closely related means
(a) a member, not more than two carbon atoms
removed, in a homologous series, except ethoxy and
higher homologues of a methoxy compound;
(b) a primary alcohol and its aldehyde, or either of
these and the corresponding carboxylic acid;
(c) a secondary alcohol and the corresponding ketone:
(d) structural isomers unlikely to involve steric hin-
drance of a functional group;

(e) compounds with the same functional groups, the
remainder of the compound being known to be easily
and harmlessly metabolized;
(f) non-sterically hindered esters, thioesters, acetals,
ketals and their components.

Procedure for the decision tree

In the'light of the chemical structure of the sub-
stance and using the accompanying definitions,
answer the following questions, moving in the order
indicated by the question numbers in the ‘no’ or ‘yes’
columns until a classification—I, II, or IIl—is
reached. In borderline cases, choose II in preference
to I, and III in preference to II. In cases where a
structure is subdivided into individual residues, clas-
sify the whole structure according to the most conser-
vative classification of the separate residues. In treat-
ing functional groups, consider the entire group, not
the individual fragments (e.g. a thioamide, RCSNH,,
is a thioamide not a thione and an amine; a hydrazine,
RNHNH,, is not two amines: an anhydride is not
an ether and two vicinal ketones).

Examples with answers

This is mtended‘to let through, for further conslderatioii, certain
acid, amine, sulphonate and sulphate salts. Sulphamate salts are
- treated as such because they are not readily hydrolysed.

If 1f (and following step or
*no’ ‘yes' classification)
...proceed to.... NH,
1. Is the substance a normal constituent of the body (F) or an 2 I N >
optical isomer of such? I:\ ] A |
This question throws into class I all normal constituents of body N o T
tissues and fluids, including normal metabolites. Hormones are B
excluded, as are, by implication, the metabolites of environmental NO YES
and food contaminants or those resulting from disease states. 2) (Class I)
2. Does the substance contain any of the following functional 3 111 No.
groups: an aliphatic (A) secondary amine or a salt thereof, cyano, CH,=CHCH,N =C=§ :
N-nitroso, diazo (e.g. CHzNz) triazeno (RN=NNH,) or qua- @
ternary mtrogen, except in any of the following forms:
>C=N"R,, >C=N"H, or the hydrochloride or sulphate salt NO YES
of a primary or tertiary amine? 3 (Class
Questions 2, 3 and 4 are a means of placing in class III those III)
structures that contain elements or valency states often associated
with enhanced toxicity. Halo-, nitro-, N-nitroso- and diazo- com-
pounds, organophosphates, quaternary nitrogen compounds
(although note modifying comment), and similar xenébiotic struc-
tures should cause ‘yes” answers to questions 2 and 3 and a ‘no’
apswer to question 4.
3. Does the structure contain elements other than carbon, hydro- 5 4 i
gen, oxygen, nitrogen or divalent sulphur? CH3CNH, CHCLy
NO YES
&) “
4. Do all elements not listed in question 3 occur only as (a) I 7 CHCI;  nHsOzNa
a sodium, potassium, calcium, magnesium or ammonjum salt ‘ :
of a carboxylic acid, or (b) a sulphate or hydrochloride of an
amine, or (c) a sodium, potassium or calcium sulphonate, sulpha-
mate or sulphate? (If the answer is yes, treat as the free acid, NO YES
amine, unsulphonated or unsulphated compound, except for the . (Class )
purposes of questions 24 and 33, and proceed.) ' II)
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S. Is it a simply branched (I) acyclic aliphatic (A) hydrocarbon
or a common carbohydrate?
This drops out the generally innocuous hydrocarbons and carbo-
hydrates.

6. Is the substance a benzene derivative bearing substituents con-
sisting only of (a) hydrocarbon chains or 1’-hydroxy or hydroxy
ester-substituted hydrocarbon chains and (b) one or more alkoxy
groups, one of which must be para to the hydrocarbon chain
in (a)?

This places in class Il safrole. myristicin and related substances.

7. Is the substance heterocyclic?

8. Is it a lactone or cyclic diester?
This question separates the lactones and cyclic diesters from other

heterocyclic compounds.

9. Is it a lactone fused to another ring, or a five- or six-membered
o, f-unsaturated lactone?
This places certain lactones known or suspected to be of unusual
toxicity in class II1.

*If it is a lactone, from this point on treat the structure as if
it were the hydroxy acid in the form of its more stable tautomer
and proceed to question 20 if it is open chain, to 10 if it is
heterocyclic and to 23 if it is carbocyclic; if it is a cyclic diester
treat as the separate components.

10. Is it a 3-membered heterocycle?
This places such substances as the epoxides and ethylenimine in
class III.

11. Disregarding only the heteroatoms in any one ring, does
that heterocyclic ring contain or bear substituents other than
simply branched (I) hydrocarbons (including bridged chains and
monocyclic aryl or alkyl structures), alkyl alcohols, aldehydes,
acetals, ketones, ketals, acids, esters (including cyclic esters other
than lactones), mercaptans, sulphides, methy! ethers, hydroxy or
single rings (hetero or aryl) with no substituents other than those
just listed?
Questions 11-15 separate out various categories of heteroaromatic
substances. Under 11, set aside and do not consider the atom(s),
usually oxygen, nitrogen or sulphur, making the ring heterocyclic.
If there is more than one hetero ring, regard each ring separately,
with the remainder of the structure as substituents of that hetero
ring. Other than the heterocyclic atom(s), does the ring carry any-
thing besides the simple groups listed? If so, the answer is ‘yes’

If I Examples with
‘no’ ‘yes® answers
...proceed to....
6 1 CHyC == C—CICH3 )y Xylose
. NO YES
(6) (Class
D
7 I]I OH o-—\
OCH, o
CH,CH=CH,  CH,CH=CH,
NO YES
N (Class HI)
0 o
6 8 @ ench T
\o/(i‘.H .
CH,OH
NO YES
(16) ®)
10 qc“s CH:\Q‘:/[
YES
( 10) )
LK e
o
NO YES
(23) (Class

I1I)

—cucozcu,
11 m ©/CH3

YES
(Class
(1 1) III)
12
g oy
YES

(12) (33)
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and the next question 33. If not, then classify further by question
12 er seq. Bridged-chain derivatives may be represented by struc-
tures like the bicyclic ether 1,4-cineole while monocyclic aryl de-
rivatives may be represented by compounds like benzaldehyde
propylene glycol acetal or 3-phenyl-2-furancarboxaldehyde.

12. Is it heteroaromatic (B)?

This question separates the aromatic heterocyclics for the purpose
of considering whether they are polynuclear (question 14) or un-
substituted (question 13).

13. Does the ring bear any substituents?

14. Does the structure contain more than one aromatic (B) ring?

15. Is it readily hydrolysed (H) to mononuclear residues? (If yes,
treat the mononuclear heterocyclic residues by question 22 and
any carbocyclic residue by question 16.)

16. Is it a common terperie (D)-hydrocarbon, -alcohol, -aldehyde
or -carboxylic acid (not a ketone)?
Questions 16 and 17 deal with terpenes. A hydrocarbon terpene
that is a common terpene (D) and has not already been put in
class I by question 5, would go into class I by question 16.

17. Is the substance readily hydrolysed (H) to a common terpene

(D), -alcohol, -aldehyde or -carboxylic acid? (If the answer is

yes, treat the hydrolysed residues separately and proceed to 18

for the terpene moiety and to 19 for any non-terpenoid moiety.)
Since there may be substances that are hydrolysed to two or more
residues, one of which is a terpene, treat the residues separately
from question 18 onward to conclusion.

18. Is the substance one of the following: ’
(a) a vicinal diketone; or a ketone or ketal of a ketone
attached to a terminal vinyl group
(b) a secondary alcohol or ester of a secondary alcohol
attached to a terminal vinyl group
(c) allyl alcohol or its acetal, ketal or ester derivative
(d) allyl mercaptan, an allyl sulphide, an allyl thioester
or allyl amine *

(e) acrolein, a methacrolein or their acetals

(f) acrylic or methacrylic acid

(2) an acetylenic compound

(h) an acyclic aliphatic (A) ketone, ketal or ketoalcohol with
no other functional groups and with four or more carbons
on either side of the keto group -

(i) a substance in which the Junctional groups (E) are all steri-
cally hindered (J).

22

I

22

33

17

19

If Examples with
‘yes’ answers

...proceed to....

13‘ [N) Q

NO YES
(22) (13
14 O CHS/C)
NO YES
(Class (14)
III)
P O
YES
(32) (15)

2 @%s Q
Cwa

YES
(33) (22 & 16)

%E OH § , H
\“ ‘\OH

YES
NO (Class
(17 D
18 o CHxO CH/OCH3
S
NO YES

(19) (18 & 19)

OCH,
11 CHaC—CH=CH,
OCH,
Oﬁcu,
NO YES
(Class:  (Class
] 1
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Question 18 examines the terpenes (and later the open-chain
and mononuclear substances by reference) to determine whether
they contain certain structural features generally thought to be
associated with some enhanced toxicity.

19. Is the substance open chain (G)?
Questions 19-21 deal with open-chain substances.

20. Is the structure a linear or simply branched (1) aliphatic (A)
compound containing any one or combination of only the follow-
ing functional groups (E): (a) four or less, each, of alcohol, alde-
hyde, carboxylic acid or esters and/or (b) one each of one or more
of the following: acetal, either ketone or ketal but not both, mer-
captan, sulphide (mono- or poly-), thioester, polyoxyethylene
[(—OCH,CH,—), with x no greater than 4}, or primary or ter-
tiary amine?
This question should be answered ‘yes’ if the structure contains
one or any possible combination of alcoholic, aldehydic or carboxy-
lic acid or ester groups, provided there are no more than four of
any one kind. It should be answered ‘yes’ if the structure contains
in addition to, or instead of, those just listed, any assortment of
no more than one each of the following: acetal, either ketone or
ketal but not both, mercaptan, mono- or polysulphide, thioester,
polyoxyethylene, primary or tertiary amine. Answer the question
‘no’ if the structure contains more than four of any of the first
set of groups, more than one of the second set, or any substituent
not listed.

21. Does the structure contain three or more different types of

functional groups (exclude methoxy and consider acids and esters

as one functional type)?
Aliphatic (A) compounds containing three or more different func-
tional groups (excluding methoxy) are too complex to permit satis-
factory prediction of toxicity. They should go, therefore, into class
II1. However, we do not wish to put into class III polyesters and
similar substances, so these and the methoxy compounds get passed
along to question 18.

22. Is the substance a common component of food (C) or structur-
ally closely related (K) to a common component of food (C)?
This question places in class II the natural, nature-identical and
nearly nature-identical substances not already put into class I by
physiological occurrence or structural criteria. An artificial (i.e. non-
nature-identical) substance, or one not closely related, goes to
question 33.

23. Is the substance aromatic (B)?

Questions 23-26 deal with alicylic substances.

24, Is the substance monocarbocyclic (excluding cyclopropane
or cyclobutane and their derivatives) with ring or aliphatic (A)
side chains, unsubstituted or containing only alcohol, aldehyde,
side-chain ketone, acid, ester, or sodium, potassium or calcium
sulphonate or sulphamate, or acyclic acetal or ketal?

If : If Examples with
‘no’ ‘yes’ answers
....proceed to....

0
If
23 2 @\ CH4CCH,
(CH,),,C0,H

NO YES
(23) - (20)
p7) 21 9 o oo
CHaCCH,CHECHy  CH,CCOH
NO YES
(22) (21)
18 m i
CH,CO,C Hy fIJHz
CH3C0,CCO,CHy 3
CH,C0,C 4 Hg ‘liﬂz
CH,
H—C—NH,
COH
NO YES
(18) (Class III)
33 II CO,CH, 0
NHCH, ﬁo’*
07 ~CH,CHs
NO YES -
33) (Class
11)
2% 27 °% @@o
NO YES
f24) 27
25 18 °,, i
NO YES
(25) - (18)
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25. Is the substance (a) a cyclopropane or cyclobutane with only
the substituents mentioned in question 24 or (b} a mono- or
bicyclic sulphide or mercaptan?

26. Does the structure contain no functional groups other than
those listed in question 24 and is it either a monocyloalkanone
or a bicyclic compound with or without a ring ketone?

27. Does (do) the ring(s) have any substituents?
Questions 27-31 deal with aromatic compounds.

28. Does the structure contain more than one aromatic (B) ring?

29. Is it readily hydrolysed (H) to mononuclear residues? (If yes
treat the individual aromatic mononuclear residues by question
30 and any other residue by question 19.)

30. Disregarding ring hydroxy or methoxy does the ring bear
substituents other than 1-S-carbon aliphatic (A) groups, either
hydrocarbon or containing alcohol, ketone, aldehyde, carboxyl
or simple esters that may be hydrolysed to ring substituents of
five or less carbons? (If a simple ester that may be hydrolysed,
treat the aromatic portion by question 18 and the residue by
question 19.)
This should be answered ‘no’ if the ring bears only aliphatic
groups of five carbons or less, which are either hydrocarbon in
nature or contain the groups listed. If the ring bears any other
substituents than those listed, the question should be answered
‘yes’ and one should proceed to question 31.

31. Is the substance an acyclic acetal, -ketal or -ester of any
of the above substances (see question 30)? (If yes, assume hy-
drolysis and treat the non-aromatic residues by question 19 and.
the aromatic residue by question 18.)
This question is simply designed to see whether the substance
would fit within the definition of question 30 if it were not an
acetal, a ketal or an ester. In other words, would the substance
carry only the groups listed in question 30.

32. Does the substance contain only the functional groups (E)
listed in question 30, or their derivatives listed in question 31,
but with any or all of the following: (a) a single fused non-aroma-
tic carbocyclic ring, (b) aliphatic (A) substituent chains longer than
five carbon atoms, or (c) a polyoxyethylene [(—OCH,CH,—),
with x no greater than 4] chain either ‘on the aromatic ring or
on an aliphatic (A) side chain?

Part (a) is intended to allow simple derivatives of tetralin into
class I while putting polycyclic compounds such as the steroids
ultimately into class III except those that may be normal food

If If Examples with
‘no’ ‘yes’ answers
...proceed to....
26 II NH, OH
NO YES
(26) (Class
II)
- 0 o o
NH, @/U\
22 II
NO YES
(22) {Class
I
moos (L0 -
YES
(Class (28)
I11)
30 29 @‘O H
YES
(30) (29)
33 30
: CNH\ : cuwc-@
cn,oc
YES
(33) (30 & 19)
18 31 oH SH
CHy
NO YES
(18) (31)

32 18 @/NHz Ej/cmocn,)2

YES
(32) (18)
YES
(22) (Class
1I)
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If If Examples with
‘no’ ‘yes’ answers
....proceed to....

components. Part (b) allows compounds with permitted functional

groups but longer side chains into class II instead of sending them

eventually into class III. Part (c) puts short-chain polyoxyethylene

derivatives of aryl compounds into class II rather than class III. -
33. Does the substance bear on every major structural com- III I 0
ponent at least one sodium, potassium, or calcium sulphonate E\NH
or sulphamate for every 20 or fewer carbon atoms without any ©/ )
free primary amines except those adjacent to the sulphonate or NO
sulphamate. «l

Sodium, potassium, and calcium sulphonate and sulphamate salts IIle)ss‘

have a strong tendency to decrease toxicity by promoting solu- HO

bility and rapid excretion. This is particularly noticeable, for

example, with some of the food colourings. It is important that N=N O

the substance bears sufficient sulphonate groups, including one @

on each of the major structural fragments into which the original Na0,5 O

compound might be metabolized. This question serves to steer SO;Na

sulphonated compounds except those with amines non-adjacent YES

to the sulphonate into a presumptively less toxic classification (Class

than the compounds would occupy if unsulphonated. )

Discussion

The decision tree

The questions that comprise the decision tree are
a conscious compromise between discrimination and
complexity. It will doubtless occur to many readers
to suggest certain additional questions or changes of
wording which would permit refinement and a clearer
separation between the three classes. At the same
time, we have tried to keep the questions as simple
and few in number as possible. Further improvement
is undoubtedly possible, and we welcome suggestions
to that end.

We wish it were possible to make this whole effort
more simple, but the task involves many simultaneous
considerations which render it inherently complex.
Undoubtedly we have not yet found ideally clear
wording for many of the questions, but this represents
the result of extensive trials by many workers.

Those who wish to use the decision tree should
not be deterred by its initial complexity or by the
slowness of the first attempts to use it. We have found
that, with only a little training, equivalent to a careful
reading of this paper, and a short period of practice,
anyone with a background of moderate organic or
biochemical knowledge can apply the decision tree
with few errors and little difficulty. Reliability is
enhanced when two or more individuals use it separ-
ately and compare their results. In practice, the tree
contains a fair amount of redundancy. We have
observed that in most instances an ‘incorrect’ answer
leads, nevertheless, to the proper final classification.
It should be stressed again that the decision tree is
not intended to be used alone. It must be combined
with information on present or probable intakes
covered later in this discussion for an estimate of the
implied hazard to be developed.

We have attempted several general tests of the uti-
lity of this decision tree. First, we have sought to
classify, regardless of the availability of detailed toxi-

F.C.T. 16/3—E

cological data, a number of substances, some rela-
tively innocuous and others highly toxic, to see if they
fell into the appropriate classes. A host of substances
known or presumed to be quite innocuous fell into
class 1. As far as we have been able to test, the recog-
nized carcinogens, natural toxicants and pharmacolo-
gically potent drugs fall, as they should, in class III.

We are grateful to Dr. Marvin Legator and Mr.
Stephen Rinkus for providing us with a list of 247 sub-
stances reported to cause cancer in two or more
species. This was compiled from The Registry of
Toxic Effects of Chemical Substances (Department of
Health, Education, and Welfare, 1976). Twenty of
these substances were polymers or inorganic materials
to which this approach is not applicable. Of the
remaining 227, all fall into class III with the single
exception of xanthine, which falls into class 1. Xan-
thine is a normal purine metabolite and an endo-
genous constituent of many human and animal tis-
sues. The tests in which it has been reported to pro-
duce neoplasms involved not the oral route but sub-
cutaneous administration and implantation. Thus we
do not regard its classification as an aberrant result
of this decision tree.

We have also applied a more critical evaluation
by tabulating by class (I, II or III) the no-observed-
adverse-effect levels (hereafter termed no-effect levels)
for a number of food additives, drugs, industrial
chemicals and pesticides. We have used the no-effect
levels derived from relevant recent literature based
on either short-term or chronic studies. Where these
levels were reported in terms of dietary concentration,
we used commonly accepted factors to convert to
mg/kg body weight. In virtually all cases except those
substances with no-effect levels above 500 mg/kg body
weight/day, we have restricted the tabulation to toxi-
city tests in which the next higher feeding level above
the no-effect level (i.e. the lowest level to show some
adverse effect) was no more than five times the no-
effect level. While this restraint rules out much of the
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Fig. 2. Rank ordering of no-observed-adverse-effect levels within each class. Arrows indicate no-effect-
levels greater or less than those shown; abbreviations refer to the substances listed in Table 1.

available toxicological data, it removes ‘fuzziness’ and
provides a cleaner separation between classes than
would otherwise occur.

With minor exceptions we have included without
editing all data that have so far come to our attention,
and that meet our criteria. Exceptions involved essen-
tially duplicative data, one instance of the use of too
few animals, and two cases in which the authors had
chosen a lower no-effect level largely because even
that provided an ample margin of safety.

The substances were run through the decision tree
to determine the class into which they fell and then
ranked by no-effect level within each class. The results
of this tabulation are shown in Fig. 2 and Appendix 1
(p. 267). The appendix and the figure can be cross-
related by the compound abbreviations indicated.

Appendix 1 lists the abbreviation, common name, no-
effect level and literature reference for the no-effect
level. For the convenience of those who may wish
to check their own use of the decision tree, the appen-
dix also shows the ‘track’ for each substance through
the tree.

It has been’ our general intent that the most toxic
substance in class I (i.e. that with the lowest no-effect
level) should have a no-effect level at or above
50 mg/kg body weight/day. With a hundredfold safety
factor, this corresponds approximately to an intake
of 25 mg/day by a human adult—a fairly substantial
intake. Few exogenous chemicals that are not
nutrients are consumed in larger amounts. It may well
be that substances we have not sought out from the
literature and plotted would fall into class I below
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this level. This would raise the question of whether
we wished to accept that state of affairs or, more
probably, revise the decision tree structure so as to
reclassify them into class II or class III.

Two facts stand out from the tabulation in Fig.
2. The first is the fact that the decision tree does result
in a fairly clear-cut separation. All of the really inno-
cuous substances fall into class I. All of the highly
toxic compounds are in class III. Class II is both
in between and gratifyingly smaller. We should be
concerned if most substances wound up indecisively
in class IL

The second obvious conclusion is that there is a
slight overlap between the classes, particularly in the
10-100 mg/kg body weight area. This may seem to be a
disadvantage, but on reflection, it is clear that this
must be so. Substances much more innocuous than
1000 mg/kg body weight/day are so patently harmless
that it is rare to find them adequately studied to the
point of establishing no-effect levels. Similarly, sub-
stances much more toxic than 1 mg/kg body weight/
day are so toxic that unless they are useful economic
poisons, drugs or chemical warfare agents, they are
unlikely to be used, and the data on them are unlikely
to be published. Thus, the area roughly between 10
and 100 mg and to some extent on either side of it,
is simply where the data base lies. These are the sub-
stances that are worth testing for reasons of utility
and that require testing for reasons of probable
hazard. Furthermore, inspection of the class III sub-
stances with no-effect levels of 50 mg/kg body weight
or more indicates that virtually none of them could
be judged in advance to be innocuous. They are ‘un-
expectedly nontoxic’, and therefore merit retention in
class IIL

Estimates of presumable risk

To obtain an estimate of presumable risk, for set-
ting priorities and for the preliminary establishment
of criteria, one may combine in a grid, the estimate
of toxic threat from the decision tree with data on
intake (Table 1). We have utilized here daily per
capita intake, mindful of its limitations and of the
desirability—even in preliminary estimates—of taking
into account the range of intakes across the popula-
tion (Hall, Kahan, Merwin, Wharton, Dodger &
Abrams, 1978).

In every box under each intake bracket for tlasses
I and II is a figure derived from the presumptive,
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but conservative, no-effect level using the most toxic
(lowest no-effect) level in that class (50 mg/kg for class I
and 5 mg/kg for class III; see Fig. 2 and Appendix 1).
That ‘presumptive no-effect level’ is divided by the
upper limit of intake for that bracket, to obtain what
we shall call the ‘protection index’ (PI). For example,
the lowest no-effect level” for any class I substance
is 50 mg/kg body weight, equivalent to an intake of
2500 mg for a 50-kg adult; if the per capita daily in-
take of such a substance is between 1 and 10 ug
(107310~ 2 mg) dividing 2500 mg by the top of that
intake bracket (10 ug) gives a PI of 250,000 (Table 1).
The other figures for classes I and II are similarly
derived. No such figure can be adduced for class III,
since there is not necessarily any definable lower limit
of effect for this class. If we were to assume, however,
that few if any ingested substances would have a no-
effect level lower than 0-1 mg/kg equivalent to an in-
take of 5 mg/day, an intake of 0-1 ug/day would imply
a PI of approximately 50,000. In this grid, the sub-
stances identified, on the basis of these presumptions
as most hazardous (those with the lowest PI) are in
the lower right and those identified as most safe are
in the upper left.

The reader should note that we do not suggest that
the actual ‘safety factor’ for a particular class I sub-
stance consumed at a designated intake is the same
as the PI shown in Table 1. This is most obviously
true at the higher intakes and higher presumptive tox-
icities. Only actual testing will establish a no-effect
level from which a ‘safety factor’ can be deduced. The
distribution of values within the different classes in
Appendix 1 suggests that the experimentally.determined
no-effect level and the resulting safety factor will
usually be at least an order of magnitude higher than
the lower limit for the class assumed in Table 1.

We do not, then, assume that these PI values are
accurate; indeed they are probably quite conservative.
But they do provide an ‘index of suspicion’, by which
to focus attention in an orderly way on the apparently
greater hazards and to consign to low priority the
very remote risks. Moreover, they provide a basis for
a preliminary specification of the kinds of information
appropriate for a demonstration of safety for a sub-
stance with that priority. We suggest four such cate-
gories, designated A-D.

The letter ‘A’ applied to PI values of 250,000 and
higher represents the lowest priority. Unless other
considerations intrude, priority A requires physical

Table 1. Classification by presumable risk showing ‘protection index’ (PI) and categories of safety

PI* and category of safety for a daily per capita intake (in mg) of

Class <1073 10-5-10"* 1074-10"% 107*-10"% 10°%-10"! 01-10 10-10 >10
I > 250,000,000 > 25,000,000 >2,500,000 > 250,000 > 25,000 >2500 >250 <250
A A A A B C C D
1 > 25,000,000 > 2,500,000 > 250,000 > 25,000 > 2500 >250 >25 <25
A A A B C C D D
m (500,000) (50,000) (5000) (500) (50) Y Y ™
A B C C D D D D

*PI =

lowest no-effect level for class (mg/kg body weight) x 50 (kg body weight)

maximum of intake range (mg) in column
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and chemical data for each substance, but denotes
no present need for the acquisition of actual animal
data, at least for direct and most indirect additives.
Certain types of simple screening tests may be applied
when and if their reproducibility and correlation with
feeding studies are adequately validated by sufficient
collaborative testing on a broad variety of food con-
stituents and contaminants.

‘B’ and ‘C’ represent progressively higher priority
for more intensive investigation. While a variety of
trade-offs may be contemplated in these intermediate
categories among various kinds and quantities of
data, both imply the need for animal data, and ‘C’
would ordinarily imply at least sub-chronic data plus
other evidence of safe metabolic disposition. ‘D’
denotes the necessity for chronic studies, plus, where
appropriate, other supporting data.

It should be evident that other factors beyond those
dwelt on here affect the direction and extent of test-
ing. The importance (irreplaceability) of a substance,
the nature of the anticipated toxic effect, the level
of organizational or social concern, the sensitivity of
particular groups of users, more refined data on the
distribution of exposure and, not least, the ‘gut feel-
ing’ of the professional toxicologist must be involved.
These additional factors should be of greater influence
with respect to class III substances, where the PI is
less clear and the anticipated adverse effects may
range more widely and be more serious. The structure
we suggest here is a guideline, not a channel. Even
more importantly, we stress again that this is intended
only as a guide to the acquisition of data, not as
a substitute for data. When actual tests results are
available they must weigh heavily in determining the
direction and extent of further testing.

Finally, this procedure requires knowledge of
chemical structure and reasonably accurate estimates
of intake. Where either is lacking, this method of esti-
mating hazard must not be applied. If structure is un-
known, the decision tree cannot be used, and one
must not assume that a substance of unknown struc-
ture is necessarily in class III. If intake is unknown,
a most critical factor in determining hazard is absent.
One cannot use the lower limit of sensitivity of an
analytical method as the basis for an assumed intake
in this approach. The method cannot be applied
where positive analytical results or estimates of intake
based on actual use in food are lacking.

We welcome application, criticism and improve-
ment of the ‘decision tree’ as a tool, and of this
approach to establishing priorities and criteria. We
venture to believe that it has some general usefulness
in helping to make a number of the thousands of
decisions that lie ahead.
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